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EXECUTIVE SUMMARY

This report documents the research work conducted under the sponsorship of Caltrans, Contract
65A342-TO006. This project is sponsored by Caltrans under the CalFrance program, with a
focus on monitoring roadway surface conditions for safety and sustainability. The project was
initially proposed and approved in 2009 but was postponed due to some delays in budgetary and
contractual processes. It was officially started in October 2011 and ended in March 2012. The
project leads are Dr. Minh-Tan DO of IFSTTAR and Dr. Ching-Yao Chan of California PATH.
This report documents the literature summary, idea exchange and potential future endeavors that
are parts of the joint project.

The French Ministry of Transportation and Caltrans have had a long-lasting cooperation
relationship for over ten years. Under the umbrella of this international collaboration, the two
agencies have exchanged information and visits to explore innovative solutions and advanced
ideas for improving the mobility and safety performance of transportation systems. Through the
direct and close working arrangements with the two ministries, the researchers from IFSTTAR
(formerly INRETS and LCPC) and California PATH at UC Berkeley have also engaged in a
number of joint projects under the so-called Calfrance agreements, in which both agencies
sponsored the respective research organizations to seek synergistic products based on individual
research activities in France and US.

Toward the goal of reducing collisions while maintaining the integrity and sustainability of
roadways, separate projects in both France and California in recent years have been developed to
achieve the following objectives:
e Evaluating the effectiveness of roadway surface improvements, in terms of the reduction
in collisions, thus allowing the selection of cost-effective countermeasures;
e Understanding and modeling the deterioration of skid resistance over time, and allowing
timely and effective measurement of roadway surface status;
e Exploring alternative collection method of monitoring skid resistance on roadway surface
within the framework of cooperative infrastructure and vehicles;
e Developing real-time system of monitoring roadway surface conditions and offering
alerts to drivers.

The outcomes of such projects have generated or will produce useful tools, from the definition of
conceptual framework to the implementation of real-world safety applications, to assist the
decision-making process for pavement management as well as to offer safety improvements for
the traveling public.

In recent and ongoing projects that have been conducted in California and France, significant
insights are gained and feasible solutions to tackle the safety issues described above are being
developed for monitoring the roadway surface conditions. This collaborative project is built
upon the knowledge base gathered from relevant projects in France and California respectively,
which will allow synergistic fusion of common ideas that are applicable for both sides. Yet,
researchers can also learn from partners about the distinctive features and constraints that they
have not encountered or conceived. Ultimately, the goal will be to create a mutually beneficial

Vi
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research team that can seek support for future joint projects and deliver the benefits for safe
driving environment and sustainable infrastructure.

Based on the information exchange and idea sharing that were carried out in the project, some
selective topic areas have been identified to be the candidate areas where synergies in ongoing
and future research activities can be best realized.

One such area is the development of real-time estimation of roadway surface parameters. The
goal within this topic area is to develop methodologies to accurately and reliably estimate
roadway conditions then utilize the acquired information to implement vehicle-based or
infrastructure-based applications. These applications can provide safety and operation benefits
by the implementation of on-board driver assistance and vehicle control functions as well as
roadway operation, maintenance and safety management functions. A continuation of this
research topic will be to investigate further in depth, through the exchange of information and
methodologies between French and California researchers, to
e Provide an updated overview of all European and French research programs on the
subject of cooperative vehicles and highways
e Explore up-to-date vehicle safety applications that may rely on similar sensor suites or
vehicle platform
e Explore the technical and institutional issues in the future implementation of such
concepts and the recommendations for governments and industries to enable expedient
developments.

Another topic area is safety measures that can be implemented under foggy conditions, which
presents a serious safety challenge. This is a particular concern for the central valley highways
in California, such as Highway 99 where historically a number of chain crashes have occurred.
A continuation of this research topic will be to investigate further in depth, through the exchange
of information and methodologies between French and California researchers, to
e Provide an updated overview of all European and French research programs on the
subject of roadway conditions and associated driver alert systems
e Explore up-to-date deployment that may rely on similar sensor inputs
e Explore the technical and institutional issues in the future implementation of such
concepts and the recommendations for governments and industries to enable expedient
developments.

vii



1. Background

French Ministry of Transportation and Caltrans have had a long-lasting cooperation relationship
for over ten years. Under the umbrella of this international collaboration, the two agencies have
exchanged information and visits to explore innovative solutions and advanced ideas for
improving the mobility and safety performance of transportation systems. Through the direct and
close working arrangements with the two ministries, the researchers from IFSTTAR (formerly
INRETS and LCPC) and California PATH at UC Berkeley have also engaged in a number of
joint projects under the so-called Calfrance agreements, in which both agencies sponsored the
respective research organizations to seek synergistic products based on individual research
activities in France and US.

This project is sponsored by Caltrans in the latest round of CalFrance program, with a focus on
monitoring roadway surface conditions for safety and sustainability. The project was started in
October 2011 and ended in March 2012. The project leads are Dr. Minh-Tan DO of IFSTTAR
and Dr. Ching-Yao Chan of California PATH. This report documents the literature summary,
idea exchange and potential future endeavors that are parts of the joint project.

2. Motivation and Objectives

Toward the goal of reducing collisions while maintaining the integrity and sustainability of
roadways, separate projects in both France and California in recent years have been developed to
achieve the following objectives:
e Evaluating the effectiveness of roadway surface improvements, in terms of the reduction
in collisions, thus allowing the selection of cost-effective countermeasures;
¢ Understanding and modeling the deterioration of skid resistance over time, and allowing
timely and effective measurement of roadway surface status;
e Exploring alternative collection method of monitoring skid resistance on roadway surface
within the framework of cooperative infrastructure and vehicles;
e Developing real-time system of monitoring roadway surface conditions and offering
alerts to drivers.

The outcomes of such projects have generated or will produce useful tools, from the definition of
conceptual framework to the implementation of real-world safety applications, to assist the
decision-making process for pavement management as well as to offer safety improvements for
the traveling public.

In recent and ongoing projects that are conducted in California and France, significant insights
are gained and feasible solutions to tackle the safety issues described above are being developed
for monitoring the roadway surface conditions. This collaborative project is built upon the
knowledge base gathered from relevant projects in France and California respectively, which
will allow synergistic fusion of common ideas that are applicable for both sides. Yet, researchers
can also learn from partners about the distinctive features and constraints that they have not
encountered or conceived. Ultimately, the goal will be to create a mutually beneficial research
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team that can seek support for future joint projects and deliver the benefits for safe driving
environment and sustainable infrastructure.

2.1. Research Needs and Objectives of Projects Conducted at California PATH

Several relevant research projects were recently carried out in California and the research team
sought to achieve the following main objectives:

e Identify and analyze before-and-after historical collision data at the operational test sites
where new types of pavements have been installed in order to quantify the effectiveness
of the safety performance of similar pavement improvements.

e Evaluate and analyze skid test results, from the test data inventory collected by Pavement
Field Testing Branch (PFTB) at the Caltrans Sacramento Laboratory, to investigate and
model the effects of environmental and traffic attributes on skid resistance, and
furthermore to propose efficient data collection protocols.

e Explore innovative ways of monitoring and measuring roadway surface conditions with
the concept of cooperative vehicles and infrastructure.

2.2. Research Needs and Objectives of Projects Conducted at LCPC, France

In recent years, researches carried out at LCPC in the skid resistance area aimed at:
e getting a better understanding and modeling the tire/wet road friction and its evolution
over time;
e developing tools to detect “black spots” on itineraries;
e informing drivers about road conditions, mainly under adverse weather conditions;
e proposing approaches to move towards a harmonization of skid resistance measurement
methods.

2.3. Main objectives of Collaboration between LCPC and California PATH

This project is aimed at leveraging and cross-fertilizing the developments in France and
California with data and information exchange, lessons learned and a plan for the future. The
proposed work is intended to promote the advancements of research ideas through the long-
lasting and continuing cooperation between LCPC and PATH.

The project is intended to result in the proliferation and expansion of synergistic projects in
France and California that have potentials to improve driving environment and sustainable
infrastructure. The cooperation involves:
e Direct exchange between the French and California partnering researchers to identify
common objectives and to set up the detailed program
e “State of the art” studies or scans of existing technologies and projects
e A common report, introducing recommendation and to the extent possible, identified
commonalities for the next phases, will be developed and delivered.
e Leveraging knowledge base in ongoing respective studies toward the formation of
partnerships for follow-up joint projects.
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3. Research Plan and Tasks

The scientific and technical aspects that are explored in the project are centered on roadway
surface monitoring and management, with emphases on two fronts: one on effectiveness of
pavement countermeasures and the other on skid resistance monitoring and maintenance.
Specific questions which we address in the project are aimed at leveraging, research and
expertise of participants to understand and develop a unified and powerful concept of operations
to the following set of problems:

e What is the specific problem to be solved with respect to roadway surface monitoring and
maintenance?

e What relevant information needs to be captured to support the deployment of effective
countermeasures?

e How do we measure the effectiveness of pavement improvement projects?

e How can the measures for safety performance of pavements be built into the pavement
management system?

e How is the relevant information for monitoring roadway surface characteristics?

e What are the standards of characterizing roadway surface and how can they be
homogenized among different regions or countries?

e How do the performing characteristics of roadway surface deteriorate over time?

e What primary factors are responsible for resulting in the variation of kid resistance on
roadway surface?

e How can the monitoring of roadway surface be efficiently managed?

Task 1: Information Exchange, Literature Review and Documentation of
Knowledge Base

The program began with a preliminary phase, devoted to identify common objectives and
perform a literature review of “state of the art” in both France and Europe, and California and US.
Identification of practices through a combined and pragmatic survey would include
developments in Europe and the United States. The focus of the literature search is the scope of
the proposed wet roadway surface and skid resistance issues.

Task 2: Identification of System Performance Measures, Effective Solutions,
and Implementation Guidelines

The joint proposal aims at deriving from the knowledge base from both Europe and US to form a
comprehensive set of performance measures and effective solutions. Note that distinctive
features in the suggested solutions may exist due to the differences in societal background and
governmental regulations. However, the practices adopted or developed in both sides can offer
considerable insights on the common issues and challenges. This task consists of an important
step to develop and document common methodologies and approach for implementation. It is in
this task where the findings of leveraging projects in both France and California will be
incorporated into a joint report.

10
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Task 3: Refine and Verify Methodologies

This task involves the usage of methodologies developed by both sides. Data are shared between
the partners, and methods or approaches of analysis are mutually verified at either side. Through
this cross evaluation, the methodologies can be evaluated and further refined.

Task 4: Development of Synergistic Work Plan for Potential Joint Projects

The last task will be the exploration of common interest and the identification of research and
deployment plans that are based on the proposed methodologies in France and California. A
work plan will be developed based on the system to be proposed to potential funding agencies to
support the deployment at selective test sites. Importantly, plans, methodologies used and
lessons learned will be brought forward to have the concepts and tools as close to being
deployable as possible.

Addendum Note on Tasks and Project Deliverables

This project started in late 2011 with a significant delay on the Caltrans side, due to various
budgetary and contractual issues, after the initial approval by the France and Caltrans reviewed
process in 2009. Due to the delay, the French partners had to suspend their project. After the
project was officially started in Caltrans, the French researchers had to re-establish the contract
and to recruit new personnel to participate in the project. Furthermore, there had been plans in
the original proposals for mutual visits and meetings to carry out the tasks. However, due to
budgetary constraints on travel, those trips and meetings have been cancelled and the work plans
changed. Even though the PATH researcher (Ching-Yao Chan) made a non-project sponsored
trip to meet with French partners, the exchange has been limited.

Therefore, the report contents is somewhat lacking with inputs from the French collaborators,
because they are still in the process of re-start the project. This report can be updated when more
inputs are received from IFSTTAR.

4. Literature Review Summary

The literature review was carried out with several topic areas of previous studies, including:
- Roadway surface modeling
- Surface treatment effectiveness
- Surface treatment before and after effects
- Roadway condition warning systems
- Driver warning
- Driver warning based on Vehicle-infrastructure cooperation

A summary of literature and state-of-the-art practices are given in the following sub-sections,
while the full synopsis of each literature is given in the Appendix A.

11
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4.1.

Roadway Surface Modeling and Measurement

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

4.1.1 Tire/Road Estimation and Modeling

Application of Drag Coefficients to ABS Related Sideslip (2007)

Environmental effects on Pacejka’s scaling factors (2006)

GPS Based Real-Time Tire-Road Friction Coefficient Identification (2004)

Model-Based Road Friction Estimation (2004)

An Optimal Pole-matching Observer Design for Estimating Tyre-road Friction Force
(2010)

Use of an Extended Kalman Filter as a Robust Tyre Force Estimator (2006)

Vehicle and Road State Estimation Using Interacting Multiple Model Approach (2006)
Estimation of Contact Forces and Road Profile Using High-Order Sliding Modes (2010)
Online Estimation of Friction Coefficients of Winter Road Surfaces Using the Unscented
Kalman Filter (2007)

4.1.2 Roadway Surface and Crash Safety

A probability-based approach for assessing the relationship between road crashes and
road surface conditions (2007)

A quantitative model of road-surface safety (2011)

Relationship between Pavement Surface Characteristics and Crashes, Volume 1:
Synthesis Report (2010)

Modeling Asphalt Pavement Friction and Wet-Pavement Traffic Accidents for Two-Lane
Rural Highways (2006)

The effect of skid resistance and texture on crash risk (2005)

Incorporating Road Safety into Pavement Management: Maximizing Surface Friction for
Road Safety Improvements (2005)

Investigation of Factors associated with Truck crashes in Nebraska (2010)

A quantitative model of road-surface safety (2011)

Relationship Between Highway Pavement Condition, Crash Frequency, and Crash Type
(2009)

Roadway Factors Associated with Motorcycle Crashes (2011)

Influence of Roadway Surface Discontinuities on Safety: State of the Art Report (2009)
Road Pavements Design and Traffic Safety - Evaluation of Relationships Between
Accident Risk and Functional Properties of Road Pavements (2007)

4.1.3 Skid Resistance/Friction Measurement and Modeling

Harmonization of Texture and Skid-Resistance Measurements (2008)

Polishing Mechanism and Its Numerical Modeling for Flexible Pavement (2010)

A systems approach to the management of skid resistance deficiencies sites on a road
network (2011)

On the Study of Polishing of Road Surface under Traffic Load (2010)

Relating Surface Texture of Rigid Pavement with Noise and Skid Resistance (2004)
Sensitivity of in-service skid resistance performance of chipseal surfaces to aggregate and
texture characteristics (2005)

12
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Skid resistance loss of plastic-grooved concrete roadways (2008)

The Evaluation of the Evolution of Road Surface Friction: A Case Study in Naples’
District (2004)

Evaluation of Investigations into the Application of the IFI (International Friction Index)
(2003)

Evaluation of pavement temperature on skid frictional of asphalt concrete surface (2011)
Precision Estimates of AASHTO T 242 (2009)

Prediction of Road Surface Friction Coefficient Using Only Macro- AND Micro-texture
Measurements (2005)

Skid Resistance Prediction by Computer Simulation (2004)

Skid Resistance - Measurement and Interpretation (2002)

Evaluation of Traffic and Environment Effects on Skid Resistance and Safety
Performance of Rubberized Open-grade Asphalt Concrete (2010)

Development of a New Method for Optimizing the Skid Resistance and Compactability
of Asphalt Pavements (2011)

Review of High-Friction Surface Technologies -- Constructability and Field Performance
(2010)

Skid resistance performance profiles (2011)

4.1.4 Roadway Surface Measurement and Hydroplaning

Analytical Modeling of Effects of Rib Tires on Hydroplaning (2008)

Modeling and Analysis of Truck Hydroplaning on Highways (2008)

Prediction of Wet-Pavement Skid Resistance and Hydroplaning Potential (2007)
Wet-Pavement Hydroplaning Risk and Skid Resistance: Modeling (2007)
Transverse Pavement Grooving against Hydroplaning. I: Simulation Model (2006)

4.1.5 Other Roadway Measurement and Modeling Topics

3D Visualization Model of Road Surface (2009)

Comparison of Alternative Models for Road Surface Condition Classification (2010)
Effects of Frequency of Pavement Condition Data Collection on Performance Prediction
(2010)

Probabilistic Models for Discriminating Road Surface Conditions based on Friction
Measurements (2008)

An Original Evaluation of the Wearing Course Macrotexture Evolution using the Abbot
Curve (2009)

Tyre and Road Surface Optimization for Skid Resistance and Further Effects
(TYROSAFE) (2010)

Monitoring and Improving Roadway Surface Conditions For Safe Driving Environment
and Sustainable Infrastructure (this very project; research in progress)

The future of skid resistance? (2011)

TYROSAFE: tyre and road surface optimization for skid resistance and further effects
(2011)

Pavement Surface Condition/Performance Assessment: Reliability and Relevancy of
Procedures and Technologies (2007)

13
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4.2.

Roadway Condition Detection and Warning

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

4.2.1 Road Conditions and Driver Alerts

Slippery when dry? Low dry friction and binder-rich road surfaces (2005)

Experimental evaluation of fog warning system (2007)

Pennsylvania Turnpike Commission (PTC) Fog Detection, Traveler Information and
Dynamic Traffic Control System PTC Fog Warning System (FWS) (2007)

1-68 FOG DETECTION SYSTEM PLANNING REPORT (2003)

[-68 Reduced Visibility Fog Detection and Warning System: Evaluation Report (2006)
Evaluation of Fog-Detection and Advisory-Speed System (2004)

Active Warning Systems: Synthesis (2005)

Effects of Road Surface Appearance and Low Friction Warning Systems on Driver
Behavior and Confidence in the Warning System (2009)

Vehicle Infrastructure Integration (VII) Based Road-Condition Warning System for
Highway Collision Prevention (2009)

Fog Detection for Interstates and State Highways (research in progress)

A study of a safety support system that uses information from the road infrastructure in
Human Factors in Driving and Telematics, and seating comfort (2004)

4.2.2 Roadway Surface Detection and Testing/Measurement

New System for Detecting Road Ice Formation (2011)

Road Surface Condition Forecasting in France (2009)

WARNING: Weather Ahead (2006)

Enhancing Road Weather Information Through Vehicle Infrastructure Integration (2007)
Expediting Vehicle Infrastructure Integration (EVII) : Where the Rubber Meets (and
Talks to) the Road (2008)

A New Paradigm in Observing the Near Surface and Pavement: Clarus and Vehicle
Infrastructure Integration (2008)

Latest Developments in Fixed and Mobile Road Weather Observing As They Relate to
the CLARUS and Vehicle Infrastructure Integration (VII) Initiatives (2008)

Opportunity to Leverage Vehicle Infrastructure Integration (VII) Data for Pavement
Condition Monitoring (2008)

Statewide Wireless Communications Project; Volume 3: Data Collection and Signal
Processing for Improvement of Road Profiling and Proof of Concept of a Vehicle-
Infrastructure Based Road Surface Monitoring Application (2008)

Vehicle Infrastructure Integration Test Beds Planned for Detroit (2007)

Weather Applications and Products Enabled Through Vehicle Infrastructure Integration
(VII) Feasibility and Concept Development Study (2007)

4.2.3 Roadway Conditions and Maintenance

Evaluation of ODOT Roadway/Weather Sensor Systems for Snow & Ice Removal
Operations - Part V: Vehicular Speed Associated with Winter Pavement Conditions
(2006)
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4.2.4 Other Roadway Conditions Topics
- Monitoring and Improving Roadway Surface Conditions For Safe Driving Environment
and Sustainable Infrastructure (this very project; research in progress)

4.3. Pavement Treatment

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

4.3.1 Pavement Treatments and Effects

- Relative Effectiveness of Grooves in Tire and Pavement for Reducing Vehicle
Hydroplaning Risk (2010)

- Evaluating Improvement Measures for Wet-Weather Operational Safety (2007)

- The effectiveness of the application of high friction surfacing on crash reduction (2005)

- Centerline Rumble Strips Help Cars and Bicyclists (2005)

- Improving Safety as Part of a Pavement Preservation Program (2005)

- Transverse Rumble Strips (2007)

- Fog Seal Effectiveness for Bituminous Surface Treatments (2011)

- Quantifying the Costs and Benefits of Pavement Retexturing as a Pavement Preservation
Tool: Phase 2 (research in progress)

- Pavement Surface Characteristics Concrete New Construction (MN Road Studies)
(research in progress)

- Performance of Permeable Friction Course (PFC) Pavements Over Time (research in
progress)

- Implementation of New OGFC Specifications (2008)

- An Onboard Virtual Rumble-Strip Based Operation for Road Departure Warning - FY'11
NATSRL (research in progress)

- Effectiveness of Rumble Stripes on Roadway Safety in Mississippi (research in progress)

- Promoting Center Line Rumble Strips to Increase Rural, Two-Lane Highway Safety
(research in progress)

- Safety Improvement from Edge Lines of Rural Two-Lane Highway (research in progress)

- Does friction and color equal safety? (2005)

- The influence of road surface condition on traffic safety and ride comfort (2004)

- Economic appraisal and optimization process in road safety projects (2010)

- Using high friction surface treatments to reduce traffic accidents (2004)

- Innovative surfacing treatments delivering safer roads (2011)

- Synthesis of Current Practice on the Design, Construction, and Maintenance of Porous
Friction Courses (2006)

- Synthesis of Current Research on Permeable Friction Courses: Performance, Design,
Construction, and Maintenance (2010)

- Surface Treatments in Asphalt Pavements - A Systems View (2006)

4.3.2 Before-After Effects
- Evaluation of the Safe Lane™ Overlay System for Crash Reduction on Bridge Deck
Surfaces (2010)
- Safety Performance of Experimental Pavement Types in California Using Before-and-
After Comparisons (2010)
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- The early life skid resistance of road surfaces (2008)

- Evaluation of Innovative Safety Treatments. Volume 3: A Study of the Effectiveness of
Tiderip High Friction Surface Treatment (2008)

- Accidents par pert adherence : Relation adherence-security router et analyses resalable a
intervention (2005)

- Skid Accident Reduction Program (SKARP): Targeted Crash Reductions (2003)

- Safety Effect of Preventive Maintenance: A Case Study of Micro surfacing (2008)

- Evaluation of Concrete Pavement Texturing Practice in Minnesota Using the Wet
Weather Accident Evaluation Criterion (2008)

- Evaluation of Rubberized Open Graded Asphalt Concrete (OGAC) for Counteracting
Wet Pavement Collisions (2007)

- Road Safety Effects of Porous Asphalt: A systematic Review of Evaluation Studies (2005)

5. Review of Performance Measures, Design and Implementation
Guidelines

This section contains a summary of review on performance measures, design and
implementation guidelines that are related to roadway monitoring and associated implementation
of safety systems. The sub-categories of reviews include:

- Performance Measures for Safety Systems

- Design Guidelines for Safety Systems

- Implementation and Evaluation of Safety Systems

A summary of literature and state-of-the-art practices are given in the following sub-sections,
while the full synopsis of each literature is given in the Appendix B.

5.1. Performance Measures for Safety Systems

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

5.1.1 Overall Traffic Safety Performance Measures

- Development of Outcomes Based National Road and Rail Safety Performance Measures
(2011, Ttaly)

- Benchmarking Road Safety: Lessons to Learn from a Data Envelopment Analysis (2009,
Europe - Belgium)

- Comparative Performance Measurement: Safety (2009, US - AASHTO)

- National Traffic Safety Index (2009, TRB - South Korea)

- Measuring Performance Among State DOTs, Sharing Best Practices -- Safety (2009, US -
FHWA, AASHTO, NCHRP)

- Traffic Safety Performance Measures for States and Federal Agencies (2008, US -
NHTSA)

- Traffic Safety: Improved Reporting and Performance Measures Would Enhance
Evaluation of High-Visibility Campaigns (2008, US - GAO)

- Sunflower Next: Towards A Composite Road Safety Performance Index (2008, Israel)

- Examination of Macro-Level Annual Safety Performance Measures for Virginia (2008,
US - Virginia)
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- Use and Misuse of Motor-Vehicle Crash Death Rates in Assessing Highway-Safety
Performance (2006, US - ITHS)

5.1.2 Traffic Safety Data, Methodologies and Performance Measures

- Model Performance Measures for State Traffic Records Systems (2011, US - NHTSA)

- Traffic Safety Data: State Data System Quality Varies and Limited Resources and
Coordination Can Inhibit Further Progress (2010, US - GAO)

- Safety Data, Analysis, and Modeling (2008, US - TRB)

- Quantified Road Safety Target and Road Fatality Reduction (2006, Hong Kong)

- Working Group on Achieving Ambitious Road Safety Targets: Country Reports on Road
Safety Performance (2006, France)

- Halving Roadway Fatalities: A Case Study from Victoria, Australia, 1989-2004 (2006,
US FHWA - Australia)

- Road Infrastructure Safety Assessment (2006, Australia — New Zealand)

- Identifying and Quantifying Operational and Safety Performance Measures for Access
Management: Micro-Simulation Results (2005, US — FHWA, Texas)

5.1.4 Pavement Related Studies
- Performance Assessment Methodology for Sustainable Pavement Marking Safety (2009,
US - TRB)
- Analyzing Road Pavement Skid Resistance (2005, ITE — New Zealand)

5.1.4 Operation Performance and Planning
- Measuring Performance Among State DOTs, Sharing Best Practices--Operations
Performance Using Incident Response Time (2010, US - FHWA, AASHTO, NCHRP)
- Performance Measurement for Highway Winter Maintenance Operations (2009, US -
Iowa)
- Evaluating the Effectiveness of State Department of Transportation Investment Decisions:
Linking Performance Measures to Resource Allocation (2006, US)

5.1.5 Safety Culture
- Road Safety Culture Development for Substantial Road Trauma Reduction: Can the
Experience of the State of Victoria, Australia, be applied to Achieve Road Safety
Improvement in North America? (2007, US - AAA)
- Improving Traffic Safety Culture in the United States - The Journey Forward (207, US -
AAA)

5.2. Design Guidelines for Safety Systems

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

5.2.1 Roadway Design for Safety
- Highway Geometric Design from the Perspective of Recent Safety Developments (2011,
Greece)
- Country Report — the Netherlands (2010, Netherlands)
- Roadway Safety Design Workbook (2009, US - FHWA, Texas)
- Roadway Safety Design Synthesis (2005, US - FHWA, Texas)
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Role and Application of Accident Modification Factors in the Highway Design Process
(2005, US — FHWA, Texas)

5.2.2 Evaluation Procedures and Tools

Development of Safety Performance Monitoring Procedures (2010, US — FHWA)
Calibration Factors Handbook: Safety Prediction Models Calibrated with Texas Highway
System Data (2008, US — FHWA, Texas)

Development of Tools for Evaluating the Safety Implications of Highway Design
Decisions (2007, US — FHWA)

A New Procedure for Evaluating Traffic Safety on Two-Lane Rural Roads (2003, France)

5.2.3 Practices and Case Studies

Operations and Safety of Super 2 Corridors with Higher Volumes (2011, US -FHWA,
Texas)

Synthesis of Information Related to Highway Problems. Topic 41-01. Geometric Design
Practices for Resurfacing, Restoration, and Rehabilitation (2009, US - FHWA, AASHTO,
NCHRP)

Optimizing Design of Highway Horizontal Alignments: New Substantive Safety
Approach (2008, Canada)

Advance Warning Flashers: Guidelines for Application and Installation (2005, Canada)
Development of Guidelines for In-Roadway Warning Lights (2004, US FHWA - Virginia)
Design Guidelines for Safety of In-Vehicle Information Systems (2002, UK)

5.2.4 Human Factors

Integrating Safety and Human Factor Issues into Road Geometric Design Guidelines
(2010, US TRB — Greece)

Crash Warning System Interfaces: Human Factors Insights and Lessons Learned (2007,
US - NHTSA)

Driver Perception of Roadway, Traffic and Environment: A Basic Human Factor to be
Considered in Road Design Standards (2004, Europe)

Integrating Human Factor Evaluation in the Design Process of Roads - A Way to
Improve Safety Standards for Rural Roads (2004, Europe)

Integrating Human Factor Evaluation in the Design Process of Roads - A Way to
Improve Safety Standards for Rural Roads (2003, Europe)

5.2.5 Pavement Related

5.3.

Guide for Pavement Friction (2009, US — NCHRP)
Guide for Pavement Friction (2008, US — AASHTO)
Evaluation of Pavement Friction Characteristics (2000, US — NCHRP)

Implementation and Evaluation of Safety Systems

Topics that were covered within the review are listed below. The years of publications are given
in parenthesis after the subject title.

5.3.1 Evaluation of In-Vehicle Safety Systems

Cost Benefit Evaluation of Advanced Primary Safety Systems: Final Report (2011, UK)
Study on Lane Departure Warning and Lane Change Assistant Systems (2008, UK)
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5.3.2 Evaluation of Roadway Safety Systems

Safety Effectiveness of Actuated Advance Warning Systems (2011, US - Nebraska)

An Examination of the Rural Intersection Collision Avoidance System (2009, US -
Wisconsin)

Implementation of Advance Warning of End of Green System (AWEGS):
Implementation Report (2008, US — FHWA, Texas)

Enhanced Field Observation of Traffic Patterns for Intersection Collision Warning
Systems (2008, US - California)

Enhancements to the Advance Warning of End of Green System (AWEGS) (2006, US -
Texas)

Improved Risk Management of Potential Roadside Slip Sites: Development and
Implementation of a Roadside Slope Hazard Warning System (2006, Australia)

Improved Grade Crossing Safety with In-Pavement Warning Lights (2005, US -
California)

Advance Warning of Stopped Traffic on Freeways: Field Studies of Congestion Warning
Signs (2005, US - Texas)

Methods and Metrics for Evaluation of an Automated Real-Time Driver Warning System
(2005, US - California)

5.3.3 Driver Interface

Crash Warning Interface Metrics Task 3: Report Appendices (2011, US - NHTSA)
Crash Warning Interface Metrics Task 3 Report: Empirical Studies of Effects of DVI
Variability (2011, US - NHTSA)

5.3.4 Impacts of Safety Warning Systems

Forecasting and Evaluation of Traffic Safety Impacts: Driving Assistance Systems
Against Road Infrastructure Measures (2007, Sweden)

Accident Reduction Potential of Advanced Adverse Weather Warning Systems (2007,
France)

Active Warning Systems: Synthesis (2005, US)

Topics of Potential Joint Projects with Synergies in Research
Background

Based on information exchange between the research partnering organizations, selective topics
have been identified as the potential areas where future collaboration can be pursued. This
section documents the discussions including the topics of:

6.1

Cooperative Systems of Roadway Condition Monitoring
Implementation of Safety Alerts for Adverse Roadway Conditions
Frontiers of Next-Generation Roadway Management

Cooperative Systems of Roadway Condition Monitoring
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A meeting was held between Renault, IFSTTAR and PATH in March 2012 to discuss potential
cooperation on research areas. This section provides a description of the meetings and highlights
the points of deliberation.

6.1.1 Meeting Participants

Date: March 7, 2012

Place: Techno Centre Renault, Guyancourt cedex, France

Participants:
e Renault: Christian CHABANON, Roland DARGAUD, Javier IBANEZ-GUZMAN
e [FSTTAR: Minh-Tan DO

e UC Berkeley PATH: Ching-Yao CHAN

Re: Potential Research Collaboration

6.1.2 Meeting Background

All participants and their associated research partners have experience and interests in exploring
the advancements of real-time estimation of roadway surface parameters. The goal is to develop
methodologies to accurately and reliably estimate roadway conditions then utilize the acquired
information to implement vehicle-based or infrastructure-based applications. These applications
can provide safety and operation benefits by the implementation of on-board driver assistance
and vehicle control functions as well as roadway operation, maintenance and safety management
functions.

The potential collaborative partnership will bring together capabilities and expertise that are
synergistic and supplementary to one another.
e Renault:
o Wide range of previous and current corporate internal and supported external
research activities
o Expertise as one of the world-wide major automakers
o Provision of test vehicle instrumentation and maintenance
o Provision of resource and funding support
e IFSTTAR:
o Recognized institutional expertise in measurements and data collection on
roadway surface conditions and pavement skid resistance
o Provision of test equipment of gaining ground-truth data, as well as possession of
existing database for various surface and roadways
o Current ongoing collaboration with Renault
o Previous and current ongoing collaboration project with UCB-PATH
o Previous working experience with tire manufacturers
e UCB-PATH:
o Recognized institutional reputation as being a research pioneer in intelligent
transportation systems, with a strong emphasis of using technologies for
Connected Vehicles applications
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o Previous research experience in the subject matter of smart tires by Professor
Francesco Borreli from the Mechanical Engineering Department of UC Berkeley
(UCB-ME) under collaboration with Perreli

o Previous research experience in the subject matter of roadway surface estimation
by Professor Kang Li of National Taiwan University (NTU), a former
postdoctoral scholar at PATH, with the use of onboard sensing devices

o Previous experience in implementing remote data collection, monitoring, and data
server management
Current ongoing collaboration with Renault
Previous and current ongoing collaboration project with IFSTTAR
Previous and current collaboration with Industrial Technology Research Institute
(ITRI) for DSRC/Cellular communication for V2V and V2I applications

o Working experience with multiple automakers and public agencies

6.1.2 Research Scope and Goals
The research scope can be set up in multiple stages with prospective goals as follows:
e Near-Term:
o Conducting tests and collecting data on controlled facilities
o Validating and comparing methodologies
o Establishing instrumented vehicles and test platform
e Medium-Term:
o Conducting tests and collecting data on real world roadways
o Substantiating test results with existing database and supplementing with
additional data collection from vehicles and roadways if necessary
o Adjust algorithms and methodologies if necessary
o Refine and standardize probe vehicle test package
e Long-Term:
o Implementing wireless communication backhaul system and data storage server
o Conduct multiple-vehicle real-world data collection to establish a live database
from roadway network
o Develop strategies for commercialization of envisioned applications

6.1.3 Basic Framework of Collaboration:
To effectively and practically offer vehicle instrumentation and testing support, it is suggested
that the testing activities be carried out in France, primarily carried out by Renault and IFSTTAR
with support from UCB-PATH. With this arrangement, the potential partners will offer the
following research contributions:
e Renault:

o Test vehicle and necessary instrumentation and maintenance support

o Data collection and analysis

o In-house expert support

e IFSTTAR:

21



Statewide HOV Project Interim Report March 2012

Test facility and test equipment
Data collection and analysis
In-house algorithms and methodologies
In-house expert support
Partnership with

= CETE
e UCB-PATH:

o Support for large-scale remote data collection

0O O O O O

Data analysis
Algorithms and methodologies developed by Prof. Francesco Borreli (UCB-ME)
Algorithms and methodologies developed by Prof. Kang Li (NTU)
Smart tires developed by Perreli
Additional partnerships with
= (Caltrans (California DOT) for additional research project in California
= [TRI with support for wireless communication aspects

O O O O

6.1.4 Follow-up Action Items:
After the meeting, a few follow-up steps were suggested and agreed upon by the participants.
The partners are now exploring venues and mechanisms to facilitate the cooperative efforts.

e Strategize the collaboration framework

e Explore additional research topics and opportunities for collaboration

e Revise research collaboration and work plan outline

e Hold conference with all parties to discuss logistics and issues for establishing research
partnership

6.1.5 Further Description of Envisioned Systems
As revealed in previous research, existing tire friction estimation approaches using on-board

sensors cannot guarantee precise determination of tire-road friction potential and road pavement
condition under all driving or road conditions. In light of the increasing popularity of wireless
communication devices and positioning system, such as GPS navigation, on modern vehicles, a
cooperative estimation approach can be developed by employing a group of probe vehicles
performing friction estimation and pavement condition evaluation thus becomes an attractive
solution. Based on this approach, the average tire-road friction data from a group of probe
vehicles can imply the road pavement slipperiness or the “available” friction for normal tires to a
certain level of accuracy. Also, the actual friction potential can be well approximated by the
friction estimates obtained by probe vehicles under high-friction demand scenarios, such as
emergent braking or high-G maneuvering/acceleration, without skid resistance tests performed
by an instrumented vehicle. Thus, systematically collecting pavement condition information can
be very useful and applied to the preventive or cooperative safety applications, such as low-
friction warning and cooperative adaptive cruise control (CACC).
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Figure 1 depicts the concept of group-enabled pavement condition monitoring through
cooperative vehicles and infrastructure. At the roadway management agency, the road pavement
condition monitoring system is operated and maintained based on the previously developed
pavement condition evaluation and prediction model. This model takes into account all relevant
pavement data, traffic information, climate data, and real-time road condition evaluation data
provided by probe vehicles, such that the model parameters can be calibrated using up-to-date
data. The prediction for pavement skid resistance by this model can therefore be improved and
validated by probe vehicles’ estimates or measurements.

However, the determination of precise tire-road friction potential relying on one type of friction
estimator and sensor can still be difficult for each probe vehicle unless the tire skid occurs. This
is mainly due to the complex tire-road friction dynamics, which is affected not only by
tire/pavement property but also environmental factors. Therefore, we consider an intelligent
sensor clustering approach by fusing a set of vehicle-state, tire, and environmental sensors in the
hope of providing sufficient information for the on-board tire-road friction estimation and
pavement condition evaluation algorithm.

VIl Road Pavement Condition Monitoring Center

Pavement
Age Data =>| Road Pavement Skid
Resistance Evaluation
Probe Vehicle —>| and Prediction Model |~ Traffic Data

Friction Data
1 S

Pavement Type Probe Vehicle Pavement Accident Data

Evaluation Data

=) Climate Data

RSE RSE | = RSE RSE
" X
/f /’ K\ \ \
/ / \ \ \
¥ ¥ X \ v
Probe Probe Probe Probe Probe
Vehicle Vehicle Vehicle |7 Vehicle Vehicle

Figure 1 Group-enabled road pavement condition monitoring through Cooperative
Vehicles and Infrastructure
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il
Probe Vehicle
[ Wireless Communication]
Tire-Road Friction Estimates: Assessed Road Pavement Conditions:

Current Friction & Predicted Friction Potential Slipperiness & Roughness

Tire-Road Friction Estimation and Road Pavement
Condition Evaluation Algorithms

[ Environmental Models [ Sensor Fusion *[Engine/Chassis/Tire Models J

Figure 2 On-board tire-road friction estimation and pavement condition evaluation by
sensor clustering

As illustrated in Figure 2, the probe vehicle employs above three types of sensors for friction
estimation and pavement condition evaluation based on the environmental and vehicle/tire
models. Also, the GPS/INS/Map integrated localization system ' ? provides the reliable
positioning information on the map, such that the parameters of environmental models, such as
pavement status, e.g., paved versus unpaved, and road type, etc. can be extracted from the on-
board digital map database. Moreover, the assessed friction/pavement condition data must be
associated with the map or GPS position data in order to describe the location of road surface
condition information to be transmitted to a nearby RSE or vehicles.

Field tests conducted in previous research showed that this system was able to achieve the
desired pavement evaluation objectives with sufficient excitation inputs, i.e., traction or braking
force. Yet, medium to large friction demands as necessary conditions for good estimation results
are only available in partial travel time for each vehicle. The effectiveness of this road condition
monitoring system would be limited if it is used in a stand-alone manner on each vehicle.
Therefore, the cooperative estimation approach appears to be a promising countermeasure to deal
with the lack of excitation problem. Namely, by deploying a large number of probe vehicles on

! Kang Li, Han-Shue Tan, and J. K. Hedrick, “An Enhanced GPS-Based Vehicle Positioning System through Sensor
Fusion of Digital Map Data”, Proceedings of the International Symposium on Advanced Vehicle Control, Kobe,
Japan, Oct. 6-9, 2008.

2 Kang Li, Han-Shue Tan, and J. Karl Hedrick, “Map-Aided GPS/INS Localization Using a Low-Order Constrained
Unscented Kalman Filter ”, 48th IEEE Conference on Decision and Control and 28th Chinese Control Conference,
Shanghai, China, December 16-18, 2009.

24



Statewide HOV Project Interim Report March 2012

roads, the accurate road surface condition estimates can cover most of the road surfaces in the
road network.

6.1.6 CalFrance Collaboration Perspectives
A continuation of this research topic will be to investigate further in depth, through the exchange
of information and methodologies between French and California researchers, to
e Provide an updated overview of all European and French research programs on the
subject of cooperative vehicles and highways
e Explore up-to-date vehicle safety applications that may rely on similar sensor suites or
vehicle platform
e Explore the technical and institutional issues in the future implementation of such
concepts and the recommendations for governments and industries to enable expedient
developments.

6.2 Fog Condition Detection and Warning

A meeting was held between researchers from IFSTTAR and PATH in March 2012 to discuss
potential cooperation on research areas. This section provides a description of the meetings and
highlights the points of deliberation. The presentation provided by IFSSTTAR in the meeting
are attached in Appendix C.

6.2.1 Meeting Participants
Date: March 5, 2012
Place: IFSTTAR Office, Paris, France

Participants:
e IFSTTAR: Eric DUMONT, Nicolas HAITIERE, Jean-Michel AUBERLET, Sylvie
PROESCHEL

e UC Berkeley PATH: Ching-Yao CHAN

Re: Potential Research Collaboration

6.2.2 Background

Traffic movements under foggy conditions present a serious safety challenge, which is equally
true for many regions. This is a particular concern for the central valley highways in California,
such as Highway 99 where historically a number of chain crashes have occurred. It was brought
to the attention of California researchers in previous interactions with IFSTTAR that there have
been also significant research efforts in France to address a similarly serious problem.

According to a review by IFSTAR, it was reported that fog related traffic fatalities reached 700
in US and 100 in France annually. Fog is also prevalent issue at airports, where instruments are
also deployed to measure visibility. IFSTTAR is exploring the use of existing low-cost CCTV
cameras through the implementation of improved vision detection software to overcome the
problem. Comparably, the costs of CCTV cameras, typically at several hundred dollars are
much less inexpensive than the instruments used at airports, which usually cost more than ten
thousand dollars. Over the years, IFSTTAR started research in 2001 in this area by investigating
the use of in-vehicle cameras to measure visibility, and in 2006 by roadside cameras. In the
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years of 2006-2010, the IFSTTAR team is part of the European consortium to develop safety
systems and this very research topic was a focus of their efforts.

The IFSTTAR team has developed a methodology to link the meteorological visibility to the sum
of gradients taken on the Lambertian surfaces®. They have shown that this estimator is robust to
illumination variations on experimental data. *° Their method is easily deployable using the
camera network already installed alongside highways and therefore of high impact to traffic
safety at marginal cost. The output of their system can also feed into weather forecasting systems
and can inform drivers with speed limits under low visibility conditions.

The California Department of Transportation (Caltrans) has implemented a fog detection and
warning system on Highway 99 near Fresno. *’ The entire central valley region is susceptible to
Tule fog, which can reduce visibility tremendously, sometimes to near zero. This area has
experienced numerous multiple vehicle crashes because of the fog, most recently in 2007, when
a 108 car pile-up caused two deaths and nearly 40 injuries, and closed the highway for more than
twelve hours. The fog detection system uses speed and visibility detectors to assess road
conditions, traffic management software to process data and control the field devices, and
changeable message signs to provide information to the traveling public.

6.2.3 Research Scope and Goals
As can be seen in the descriptions above, there are synergies in the fog-detection and warning
systems that both regions are pursuing. The research scope can be approached in multiple
stages with prospective goals as follows:

e Near-Term:

o IFSTTAR desires to expand their development work into field tests and is
interested in seeking a deployment site in California. This will provide further
validation and enhancements to the technology advantages. The primary goal will
be to identify a site suitable for field testing. This conceivably can be on selective
highways in District 6.

o Caltrans and California PATH are interested in exploring low-cost technology as
alternatives of foggy conditions to enable highway operation and safety systems

e Medium-Term and Longer Term:

o [Establish a pilot collaboration program where a number of cameras, preferably
existent, can be adapted to exercise the detection system and constitute a network
of detection stations.

o Learn further from field deployment in France and California

o Refine and standardize detection station package

o Develop strategies for expanded commercialization of envisioned systems

3 http://en.wikipedia.org/wiki/Lambertian_reflectance

4 Babari, R., Hautiére, N., Dumont, E., Brémond, R. and Paparoditis, N, 4 Model-Driven approach to estimate
atmospheric visibility with ordinary cameras, In Atmospheric Environment, 45 (30): 5316-5324, 2011.

’ Babari, R., Hautiére, N., Dumont, E., Paparoditis, N. and Misener, J, Visibility Monitoring using Conventional
Roadside Cameras — Emerging Applications, In Transportation Research Part C, 22: 17-28, 2012.

¢ Case Study, Fresno Fog Detection and Warning System.

7 White paper by ICX Technologies and Caltrans District 6, Caltrans Fog Detection and Warning System.
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6.2.4 CalFrance Collaboration Perspectives
A continuation of this research topic will be to investigate further in depth, through the exchange
of information and methodologies between French and California researchers, to
e Provide an updated overview of all European and French research programs on the
subject of roadway conditions and associated driver alert systems
e Explore up-to-date deployment that may rely on similar sensor inputs
e Explore the technical and institutional issues in the future implementation of such
concepts and the recommendations for governments and industries to enable expedient
developments.

6.2.5 Follow-up Action Items:
After the meeting, a few follow-up steps were suggested and agreed upon by the participants.
The partners are now exploring venues and mechanisms to facilitate the cooperative efforts.

e Communicate to Caltrans, particularly D6, to explore potential interests of establishing a

pilot project

e Explore and search in the TRB data base to check whether there is some on-going
research or if questions have been expressed on this topic, and to see whether it would be
possible to submit a NCHRP project on that topic in the future.
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Roadside reporting by road maintenance staff is the major approach for
real time monitoring of road surface conditions during and after winter
snowstorms, especially in North America. Latest sensor and
information technologies, such as road weather information system
(RWIS) and web cams have afforded new opportunities for improved
road condition monitoring. Continuous friction measurement is another
method for road surface condition monitoring and winter road
maintenance performance measurement, which can reveal road
contaminant (snow/ice) information with much larger continuous
spatial coverage than RWIS and web cams. Friction measurement is
also considered more objective than human reporting. In this research,
with the help of a classification tree, several nested logistic regression
models based on continuous friction measurement were developed for
automatic classification of multiple winter road surface conditions.
New variables from probability density pattern, like variance and
skewness, and from spectral density pattern of continuous friction
measurement were included in the classification models in addition to
mean friction level. As these new variables can reflect spatial
distribution patterns of snow cover along the maintenance route,
including them into the classifier can improve the power of the models.
The performance of the nested logit models were partially compared to
the naive Bayesian classifier which was solely based on mean friction.
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pavement design purposes. Therefore, highway agencies collect pavement
condition data to accomplish both policy and engineering objectives. However,
differences exist among agencies between the monitoring frequency used for
pavement surface distress (imaging) and that used for sensor-measured features.
These differences pertain primarily to the relative difficulties in collecting and
processing imaging data. Many agencies collect sensor data more frequently than
images. Most highway agencies monitor pavement condition at 1-, 2-, or 3-year
frequencies. Discrepancies between performance model predictions and observed
field performance are conventionally attributed solely to errors in predicted
pavement distresses. In fact, inherent uncertainty may also be present in measured
pavement distresses due to spatial variability, sampling, and measurement errors.
The frequency of distress data collection adds further uncertainty in performance
prediction. This paper explores the effect of pavement condition monitoring
frequency on pavement performance prediction. Analyses of observed pavement
performance show that condition data collection frequency can significantly affect
performance prediction. Therefore, more frequent data collection for image-based
methods can reduce the associated risk in performance prediction and thus be more
effective for better decision making for pavement management.
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Due to safety concerns associated with friction testing on both high and
low-speed facilities, testing at variable speeds has been previously


http://www.dot.state.fl.us/research
http://worldcat.org/isbn/9780309143004
http://trb.org/Main/Blurbs/Pavement_Management_2010_Volume_1_164476.asp

TRIS Files:

Contract Numbers:

Media Type:
Pagination:

Authors:

Features:

Corporate Authors:

investigated by the Florida Department of Transportation (FDOT). The
American Society for Testing and Materials (ASTM) has endorsed this
concept with the publication of a standard method for the calculation of
the International Friction Index (IFT) as described in ASTM E 1960.
Previous research conducted the FDOT and the principal investigator
has demonstrated that a 64 kHz non-contact, laser measurement system
can provide a repeatable and accurate measure of pavement macro-
texture in terms of Mean Profile Depth (MPD) at highway operating
speeds. With a repeatable measure of MPD and wet friction, IFI may be
approximated in general accordance with ASTM E 1960. This report
summarizes the results of an effort to “harmonize” such texture and
skid-resistance measurements in Florida. The results of this effort
confirm that the Circular Track Meter (CTM) is highly correlated with
the 64 kHz speed laser texture measuring device. The Dynamic Friction
Tests (DFT) was also found to provide a reasonable correlation with the
FDOT full-scale, locked-wheel friction test units. However, the speed
gradient (slope) obtained from DFT test data was not found to be well
correlated with pavement texture (MPD). Since this correlation is
fundamental to the implementation of IFI, as described in ASTM E
1960, it is concluded that IFI cannot be implemented in Florida at this
time without significant reservations. A practical methodology for
measuring pavement friction and texture at variable highway speeds
with the FDOT locked-wheel friction test unit and the ribbed tire is
presented. Since the results of the ribbed test are know to be
significantly influenced by pavement micro-texture, and MPD is a
direct measure of pavement macro-texture, and the complementary
MPD data together may be readily employed to characterize frictional
properties in Florida roadways.
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Pavement polishing is a distress type exhibited with asphalt pavement
and is caused by repeated sliding contact wear on the pavement wear
course. In this paper, pavement polishing mechanisms are first
discussed. Next, a finite element procedure to predict pavement
polishing is developed. A modified Archard's wear law is used to
calculate geometric change based on contact pressure and relative slip
between 2 bodies. The material loss due to polishing is realized through
the geometric change. The thickness loss is also used together with
deformation to calculate the polishing configuration due to surface
ablation. The polished configuration will be adaptively remeshed for
the next simulation time step. Thus, mechanical behavior due to
pavement polishing can be reasonably captured. Representative
simulations are provided to demonstrate the effectiveness of the
proposed pavement polishing model, which include parametric study on



material hardness and wheel slip rate. Further developments on
pavement polishing modeling are also discussed.
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based approach that is commonly used. The models are described in
detail and are evaluated in this report.
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Safe operation of vehicles is affected by natural factors, human factors,
and traffic loads. A reduction in the quality of the road surface leads to
a decrease in the safe following distance and stability on curves and
causes accidents such as rear-end collisions and skids. In addition to the
surfacing type, road alignment, and operating speed, traffic safety is
also related to the pavement roughness, texture, and skid resistance as
well as other road surface conditions. Eight road surface skid-resistance
evaluation parameters, including the maximum longitudinal and
transverse friction coefficients, the allowable longitudinal friction
coefficient fTA, the allowable transverse friction coefficient fSA, the
expected longitudinal friction coefficient fTR, the expected transverse
friction coefficient fSR, and the longitudinal and transverse critical
values of road surface safety condition, were used to establish a
quantitative model of road-surface safety. A case study and road-
surface model showed that the critical values of road surface safety
condition of test sections of a road in China was 13.2, indicating that
the minimum technical standard for the friction coefficient of
bituminous penetration-type pavement is lower in China than in other
countries and is one of the critical factors in skidding accidents.
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There is a lack of comprehensive documentation (from the U.S. and
abroad) on the effect that pavement surface characteristics (PSC) (i.e.,
texture, friction, and roughness) can have in reducing the unacceptable
number of fatalities and serious injuries on U.S. highways. Moreover,
while various studies have attempted to establish clear relationships
between friction and other surface characteristics and crashes, tort
liability concerns have greatly limited the collection and distribution of
data and analysis results, particularly in the U.S. This document is part
of a three-volume report investigating the relationship between PSCs
and crashes and examining the legal issues surrounding the collection
and retention of surface characteristics data by highway agencies. In
this volume, the contribution of pavement friction and texture on the
reduction of vehicle crashes is examined, both in general and for
specific roadway locations, such as curves, intersections, and work
zones. The synthesis draws upon important information and findings
contained in hundreds of literary documents compiled for the study.
The synthesis is intended to provide pavement, materials, and safety
engineers at the federal, state, and local levels with the information
necessary to effect crash-reducing improvements in pavement surface
conditions. This is the first volume of a three-volume report. The other
volumes in the series are: Volume 2 - Annotated Bibliography; Volume
3 - Executive Report on Legal Issues Associated with Surface
Characteristics.
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This paper describes a systematic approach to the assessment and
treatment of sites with insufficient skid resistance as part of a
performance specified maintenance contract (PSMC). Typically, the
inspection of skid deficient sites is undertaken by experienced roading
engineers, who decide what type of action is needed to address skid
resistance deficiencies on the network. However, this approach, based
on site inspections alone, can lead to significant oversights and errors in
the assignment of treatments to skid deficient sites. To address this
problem, Transfield Services NZ Ltd developed a systematic approach
which synthesises historic skid resistance trends, accident data and pre-
scheduled works. Using this integrated approach in conjunction with
site inspections, the road inspector can make a more informed and
holistic assessment of the site deterioration trends, likelihood of
accidents and cost of intervention. The approach outlined in this paper
has been implemented on several road networks with significant gains
in inspection process efficiency and consistency of assigned
interventions. The paper outlines the background to the methodology,
putting specific emphasis on the PSMC context and the need for
innovation. The key motivators behind the system are described and a
detailed description of the methodology, with example applications is
presented.
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Hydroplaning is known to be a major cause of wet-weather road
accidents. The risk of hydroplaning in wet-weather driving is a function
of the depth of surface water, pavement texture properties, and tire
characteristics. With the aim to improve and ensure wet-weather
driving safety, extensive experimental studies have been conducted by
researchers to understand how tire characteristics (in particular, tire
tread depth), would affect vehicle hydroplaning risk. Rib tires have
been commonly used for such experiments. Relationships derived
experimentally by past researchers are available to estimate the effect of
rib-tire tread depth on hydroplaning risk. However, such statistical
relationships have limitations in their application range and
transferability. They also do not provide detailed insights into the
mechanism of hydroplaning. These limitations can be overcome
through development of a theoretically derived analytical model. This
paper presents an analytical simulation study that is based on the theory
of hydrodynamics. The method of modeling using finite element
techniques is described. Measured data from past experimental studies
are used to validate the simulation model. The simulation model is
applied to analyze the effect of tire tread depth on hydroplaning for
different surface water depths. The effect of tire inflation pressure on
the hydroplaning risk of rib tires is also examined. In addition, the
effect of different rib tire designs in relation to the number of grooves is
studied. This study demonstrates that the proposed model can be a
useful analytical tool for evaluating the hydroplaning risk of wet-
weather driving.
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The widely adopted NASA hydroplaning equation has been able to
predict closely the hydroplaning speed of passenger cars on a wet
pavement. However, field observations and experimental studies have
found that the equation cannot explain the hydroplaning behaviors of
trucks. According to the NASA equation, trucks hydroplane only at a
speed much higher than the normal range of travel speeds on highways.
However, this conclusion is not supported by real-world experience and
field tests. In addition, field observations and experimental studies have
found that lightly loaded trucks are more prone to hydroplaning than
heavily loaded ones. This phenomenon cannot be explained by the
NASA equation, which states that, regardless of the magnitude of
wheel load, hydroplaning speed is the same if tire inflation pressure
remains unchanged. To the authors’ knowledge, no studies have
demonstrated theoretically or analytically why trucks behave differently
from passenger cars in their hydroplaning behaviors. Using the
technique of three-dimensional finite element modeling, this paper
analyzes the problem of truck hydroplaning with an analytical
simulation model based on hydrodynamics theory. The formulation of
the model is described, and the computed results are validated against
past experimental studies. The effects of tire inflation pressure,
footprint aspect ratio, and truck wheel load on truck hydroplaning speed
are also examined to help explain the different hydroplaning behaviors
of trucks and passenger cars.
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Skid Number (SN) data and accident history were obtained for about
five hundred rural two-lane highway sections, selected randomly from
the United Sates. The total traffic accidents involved over a three year
period were about thirty-six thousand with 20% occurring on wet-
pavements. Lack of skid resistance is believed to have contributed to a
portion of those vehicle accidents. The contents of both skid number
and accident files were studied. The related parameters in the skid file
were selected including SN and a group of accident parameters defined.
The skid and accident files were merged to develop trends and models
relating wet-pavement accidents to SN. Negative correlation exists
between SN sub C (skid number corrected for temperature) and A sub
WMY (wet-pavement accidents per mile per year) indicating that
higher levels of skid resistance lead to lower potential for wet-
pavement accidents. Models relating A sub WMY with SN sub ¢ were
developed using possible combinations of transformations on both the
dependent variable (A sub WMY) and the independent variable (SN
sub C). The developed models were found statistically significant but
with relatively low coefficient of determination indicating that variables
other than SN should be included in the models. Quantifying such
relationship makes it possible to develop programs that allow the
identification and review of "high risk" sections with inadequate skid
resistance or with high potential for wet-pavement accidents.
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This study presents both a laboratory test and a model for simulating
the polishing phenomenon of road surfaces when subjected to traffic. In
laboratory tests a machine called “Wehner-Schulze machine” is used
which performs polishing and friction measurements on road
specimens. The tests are done inside the laboratory and try to reproduce
the variation of road friction when it is subjected to traffic. On the other
hand, the presented model shows the possibility of computing the
Wehner-Schulz polishing effect on the microtexture. The model itself
uses an approach which mixes the calculation of contact parameters and
some characteristic of the used aggregates. The here used aggregate
characteristic is the capability to resist wear and is measured by another
world wide used device different then the Wehner-Schulz machine. The
model remains to be improved because of some assumptions, but this
approach provides encouraging results regarding the ability to predict
the evolution of road microtexture due to the polishing effect of traffic.
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The current means of predicting the skid resistance of a wet pavement
and the speed at which hydroplaning would occur are based on
empirical models or relationships derived from experimental studies.
These models and relationships are applicable only for the conditions
specified, and extrapolations beyond the applicability range of
parameters (e.g., vehicle speed, tire load, tire inflation pressure, water
film thickness, and type of tire and pavement surface) are not advisable.
Such restrictions could be overcome by developing an analytical model
based on theoretical considerations. An analytical model also would
provide a more in-depth understanding of the relative influence of
different parameters. A three-dimensional finite element model is
presented to predict wet-pavement skid resistance and hydroplaning
speeds (i.e., wheel speed at which hydroplaning occurs) under different
magnitudes of passenger-car wheel load, tire inflation pressure, water
film thickness, and vehicle speed. The analysis shows that hydroplaning
speed increases (i.e., hydroplaning risk decreases) with wheel load and
tire inflation pressure but decreases with the depth of water film
thickness. The skid resistance measured in terms of skid number
decreases as the sliding-wheel speed or the water film thickness
increases but increases with the magnitude of the wheel load and is
affected marginally by the tire inflation pressure. Within the normal
passenger-car operation range of each of the parameters, the
hydroplaning speed is affected most by tire inflation pressure followed
by water film thickness and is least influenced by the wheel load; the
skid resistance is most influenced by sliding-wheel speed followed by
water film thickness and wheel load and is least affected by the tire
inflation pressure.
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Although pavements are initially designed to be durable for specified
traffic loads, they must also satisfy other functional characteristics,
primarily safety, smoothness and comfort (noise generation).
Frequently, there are necessary trade-offs for the surface texture of
pavements to "improve" certain of these pavement functional
characteristics. This study assessed the influence of the depth, width,
and shape of transverse tining of portland cement concrete (PCC)
pavements on generation of tire/pavement interaction noise. The study
also considered various other common PCC pavement surface textures -
Astroturf, trowel, and broom finishes - and their influence on noise
generation. And lastly the study assessed the influence of pavement
texture profile on noise and skid resistance (safety). A mathematical
model was developed to determine the stress distribution between the
concrete pavement and the tire. The stress distribution was transformed
to a power density spectrum to represent the input to the noise
generation as the tire rolls over the surface. Noise modeling based on
the stress distribution was performed for a set of surfaces and tine
geometrics. Full scale testing of a tire on a concrete surface through the
use of the SQDH Tire/Pavement Test Apparatus (TPTA) was
performed to obtain the noise generated over various concrete surfaces.
A laser profilometer was used to obtain the X, Y profile of different
textured surfaces. This profile was used as an input for the stress model
and used to obtain a transfer function for the noise model. An empirical
transfer function was generated to link the computer modeling of the
stress with the noise measured from the TPTA testing. Friction testing
was performed on the different surfaces and was related to texture
depth obtained from the laser profilometer. From the model and testing
on the TPTA, the shape of the tine edge did not significantly change the
overall noise level or the shape of the spectrum generation. However,
the influence of the width of the tine was significant - reducing tine
width resulted in a reduction of the overall sound level. Further study is
needed to develop pavement surface textures that can provide desirable
levels of safety and reduction in noise levels.

Additional sponsors: Ford Motor Company; Goodyear Tire and Rubber
Company; Continental General Tire, Inc.; Hankook Tire Company;
Michelin Americas Research and Development Corporation. This
research was supported by a grant from the U.S. Department of
Transportation, University Transportation Centers Program.
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A statistical modelling study was undertaken to identify critical
aggregate properties from the perspective of in-service skid resistance
performance of chipseal surfaces. Emphasis was placed on straight and
level road sections to minimise confounding effects brought about by
braking, cornering. and traction manoeuvres. The prnincipal finding was
that the critical determinants of in-service skid resistance performance
of chipseal surfaces were conmlative heavy commercial vehicle (HCV)
passes and the mean spacing between tips of aggregates. However,
significant inter-relationships between aggregate nucrotexture and
macrotexture were also identified, which require additional
investigation given their implication to current seal design practice. The
preliminary indications are that the selection of €@rounded€p alluvial
aggregates for skid resistant surfaces should be predicated on PSV as 1s
current practice whereas selection of €angular/sharp-edged € hard
rock aggregates should be predicated on size (the smaller the better)
and ability to withstand tip and edge wear caused by HCV traffic. (a)
For the covenng entry of this conference, please see ITRD abstract no.
E212865.
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An adequate level of skid resistance should be maintained during the
entire service life of a roadway to provide safe driving conditions. To
plan the appropriate timing of surface restoration, it is necessary to
predict the change in skid resistance with time. However, no reliable
method to predict the change in skid resistance has been suggested yet.
In this study, a method to predict the rate of skid resistance loss for a
plastic-grooved concrete roadway is suggested. Accelerated road-
surface wearing tests were conducted to investigate the general pattern
in the rate of skid resistance loss with the repetition of wheel pass. The
relationship between skid resistance and the number of wheel passes is
nonlinear and can be expressed linearly using a log—log scale. The rates
of skid resistance loss to number of wheel passes of plastic-grooved
concrete roadway differ section by section. The difference may be
caused by the traffic mixture and climatic conditions of each section.
Based on the analysis of the multi-year measurements of skid resistance
and the potentially related factors obtained from 13 long-term roadway
performance sections, a reliable equation to predict the rate of skid
resistance loss for a particular plastic-grooved concrete roadway section
is suggested. (A)
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This paper presents the results of a first attempt to combine detailed
information on road geometry (horizontal curvature, gradient and cross-
fall), road surface condition (roughness, rut depth, texture depth and
skid resistance), carriageway characteristics (region, urban/rural
environment, and traffic flow) and crashes. Four subsets of road crashes
were investigated: all reported injury and fatal crashes; selected injury
and fatal crashes covering loss of control events; reported injury and
fatal crashes occurring in wet conditions; and selected injury and fatal
crashes occurring in wet conditions. One and two-way tables and
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Poisson regression modelling were employed to identify critical
variables and the form of their relationship with crash risk. Particular
emphasis was placed on quantifying the effect of skid resistance and
texture depth on crash risk. (a) For the covering entry of this
conference, please see ITRD abstract no. E212865.
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Road surface friction, such as all pavement surface characteristics,
undergoes to a degradation through time. The prediction of friction
progression with time represents a key topic in pavement maintenance
since it is important for road managers to know where and when the
maintenance intervention is needed in order to restore a satisfactory
friction level and, as a result, to guarantee an adequate road safety. For
these reasons, it is necessary to quantify how road friction decreases
with the increase of time and in which manner it is affected by different
factors involved in the degradation phenomenon, among which heavy
commercial vehicle traffic flow and spectrum play a critical role. To
this purpose, following a brief review of skid resistance degradation
models available in literature, a friction deterioration model has been
derived from site measurements carried out on a dual carriageway road
within the Naples area. Traffic flow and spectrum monitoring, on one
hand, and friction (through British Pendulum) and macrotexture
(through Sand Patch method) measurements, on the other, have been
performed for almost two years on a conventional asphalt concrete
wearing course and on an experimental high performance modified
asphalt concrete mix. By making use of the differential surface wear
occurring in the transversal direction due to the variability of lateral
position of vehicular traffic, it has been possible to derive a friction
deterioration model for both wearing courses within a reasonably short
period of time according to two equivalence damage criteria.
Preliminary numerical analysis seems to confirm that a strong
relationship exists between friction values and accumulated traffic
expressed in terms of equivalent light vehicles for both the bituminous
mixes if an equivalence damage criterion based on total tyre footprint
area of vehicle is adopted. Furthermore, friction level provided by the
high-performance mix appears to be always larger than that provided
by the conventional asphalt concrete wearing course. For the covering
abstract see ITRD E121480.
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Abstract:  The risk of hydroplaning and reduction of skid resistance are two major safety

concerns in wet weathering traffic operations on highways and runways. The
writers earlier developed an analytical computer model to simulate the
phenomenon of hydroplaning. The simulation of wet-pavement skid resistance is
analytically a more complex problem to handle than hydroplaning simulation. The
present paper adopts a more elaborate theoretical approach and proposes an
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improved analytical computer model to simulate hydroplaning as well as the
reduction of wet-pavement skid resistance as the sliding wheel speed increases.
The theoretical formulation and development of a three-dimensional finite-element
model based on solid mechanics and fluid dynamics is presented. The computed
hydroplaning speeds by the proposed model were analyzed and verified against the
well-known experimentally derived National Aeronautics and Space
Administration (NASA) hydroplaning-speed equation. The analysis confirmed that
the NASA equation is a special case of a general solution, and that it is applicable
only to a specific range of tire footprint aspect ratios. An analysis of the decreasing
trend of wet-pavement skid resistance with vehicle speed and its validation against
measured experimental data will be the subject of another paper.
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Accelerometers currently are the preferred method of determining
roadway/tire drag coefficients. Since many vehicles now include
antilock brake systems (ABS), questions have been raised about which
friction value obtained from an accelerometer is applied to variously
equipped vehicles which undergo a yaw motion or other collision-
related event. Accelerometers often provide peak and average friction
values; and testing can be performed with or without the ABS enabled.
Experience and research have identified variables that affect
roadway/tire drag coefficients or friction values. This brings into
question which of the accelerometer outputs should be applied to an
ABS-equipped vehicle involved in a particular action. This study
examines the proper application of the accelerometer outputs to ABS-
equipped vehicles and the effect of ABS application to a vehicle
involved in a yaw or critical speed sideslip. The tests found that the
application of an ABS, during the course of critical speed sideslip, does
not affect the ability of the investigator to accurately predict vehicle
speed through the chord and middle ordinate method. Additionally, the
average friction values of conventional skid tests provided by the
accelerometer consistently predicted the actual speed during the critical
speed yaw. Conversely, the peak friction values, regardless of the status
of the ABS, consistently overestimated the speed of the vehicle. These
results seem to dispel the idea that ABS-affected yaw requires friction
tests to be performed with an ABS activated. The roadway/locked tire
interface provides the great accuracy with the least chance of speed
overestimation.
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A set of scaling factors has been introduced by Pacejka [Pacejka, H.B.,
2002, Tyre and Vehicle Dynamics (Oxford: Butterworth Heinemann
Editions) into his Magic Formula tyre model to take into account the
influence of a number of external overall parameters such as road
roughness, weather conditions, suspension characteristics and so on.
These scaling factors are important for a correct prediction of tyre-road
contact forces, but are not a function of the tyre itself. Changing the
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point of view, one could say that scaling factors should remain constant
for different tyres on the same circuit, with the same weather conditions
and with the same car. After characterizing different tyres through
indoor tests (that do not consider external overall parameters) and after
having identified Pacejka's coefficients with scaling factors equal to
one, several outdoor experimental tests have been carried out to assess
the influence of vehicle and road surface conditions on scaling factors.
These experimental data allowed us to identify, through a minimization
approach, the 'best' set of Pacejka's scaling factors for that vehicle and
for that tyre on that track. Scaling factors for equal track and vehicle
but different tyres were compared to check whether their values
remained constant. To access the validity of scaling factors, a
comparison between experimental data, collected on an instrumented
passenger car, and MB simulations considering unity and identified
scaling factors' values, were carried out. All experimental data shown in
this article come from tests carried out within the VERTEC project, a
European founded research project (Task 2.a and 2.b) that puts together
knowledge coming from vehicle manufacturers (Volvo, Porsche and
Centro Ricerche Fiat CRF), tyre manufacturers (Pirelli and Nokian
Tyres), control logic manufacturers (Lucas Varity GmbH), road
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CETE), transport research organizations (Transport Research
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This project concentrates on the development of real- time tire-road
friction coefficient estimation systems for snowplows that can reliably
estimate different road surface friction levels and quickly detect abrupt
changes in friction coefficient. Two types of systems are developed - a
vehicle-based system and a wheel-based system. The vehicle-based
friction measurement system utilizes vehicle motion measurements
from differential global positioning system (GPS) and other on-board
vehicle sensors. The wheel-based friction measurement system utilizes
a redundant wheel that is mounted at a small angle to the longitudinal
axis of the vehicle. Complete technical details on the vehicle-based
friction measurement system are presented in this report. Compared to
previously published results in literature, the advantage of the vehicle-
based system developed here is that it is applicable during both vehicle
acceleration and braking and works reliably for a wide range of slip
ratios, including high slip conditions. The system can be used on
front/rear-wheel drive as well as all-wheel drive vehicles. Extensive
results are presented from experimental results conducted on various
surfaces with a winter maintenance vehicle called the Safeplow. The
experimental results show that the system performs reliably and quickly
in estimating friction coefficient on different road surfaces during
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The tire/road friction coefficient has a significant role in vehicle
longitudinal and lateral control, and there has been associated efforts to
measure or estimate the road surface condition to provide additional
information for stability augmentation systems of automobiles. In this
paper, a model based road friction estimation algorithm is proposed
from easily measured signals such as yaw rate and wheel speed. For the
development of the estimator, a low order vehicle model incorporated
with simple but effective tire model. Field tests of the estimator using
actual vehicle measurements show promising results. (A)
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In this paper, considering the dynamical model of tyre-road contacts,
the authors design a nonlinear observer for the on-line estimation of
tyre-road friction force using the average lumped LuGre model without
any simplification. The design is the extension of a previously offered
observer to allow a much more realistic estimation by considering the
effect of the rolling resistance and a term related to the relative velocity
in the observer. The aim is not to introduce a new friction model, but to
present a more accurate nonlinear observer for the assumed model. The
authors derive linear matrix equality conditions to obtain an observer
gain with minimum pole mismatch for the desired observer error
dynamic system. The authors prove the convergence of the observer for
the non-simplified model. Finally, the authors compare the performance
of the proposed observer with that of the previously mentioned
nonlinear observer, which shows significant improvement in the
accuracy of estimation.
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Control systems designed to optimize vehicle performance, such as
antilock braking systems or traction control systems, depend upon a
knowledge of the amount of available grip at the tyre-road contact
point. There have been both qualitative and quantitative approaches to
identify the road surface coefficient. This work proposes a method of
estimating the longitudinal and lateral grips for use within a control
system. The estimation method is explained and the vehicle model
equations used are stated. The estimator is then tested using logged data
from a test vehicle, and the force estimates are validated against results
from strain-gauged wheel rims. Finally, the direction of future work is
described.
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This article describes the estimation algorithm of the vehicle state and
the road condition, which is formulated on the basis of the interacting
multiple model algorithm. Ten system modes of tire are modeled
(considered nonlinearity) according to the road friction. Ten system
modes are provided for switching from one mode to another in a
probabilistic manner. The mode probabilities and states of vehicle are
estimated based on extended Kalman filter (EKF). This algorithm is
evaluated in the simulation study. Simulation results show that the
algorithm is effective in the state estimation of vehicle and road
surface.
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The authors propose an algorithm to estimate tire contact forces (e.g.,
functions of wheel slip, slip angles) and the road profile, based on a
second-order sliding mode (i.e., High-Order Sliding Modes). Sliding
modes are observed through a vehicle model the authors develop,
which makes use of a sensor-equipped vehicle. Different sensors are
employed as the vehicle performs in several trials. The authors’
proposed observation method, which is an enhancement of a previously
proposed method, is shown to be both effective and robust.
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The paper discusses the organization by the PIARC Committee on
Surface Characteristics of an international experiment to compare and
harmonize skid resistance and texture measurements. Specifically, the
goal was to harmonize the many different pavement friction
measurement methods used in different countries. The paper describes
several studies conducted in several European countries. These studies
are reviewed: Belgium: a prenormative research for European
normalization; France: use of two different devices to assess the skid
resistance of the wearing course; Denmark, Germany and the
Netherlands: a joint experiment comparing the results of different skid
resistance devices; Hungary: the use of IFI for a probabilistic pavement
performance modeling framework; Mexico: a comparative analysis
between the British Pendulum and the Mu Meter.
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This paper presents the investigation of the effect of pavement surface
temperature on the frictional properties of the pavement-tyre interface.
Many skid tests were carried out on different wearing surfaces and
under different climatic conditions using both ribbed and smooth tyres
over 15 months. The pavement and air temperatures were obtained in
each test using thermocouples located directly under the wearing course
and close to the pavement surface, respectively. Regression analyses
were carried out to determine the effect of pavement temperature on the
measured skid number at different speeds, along with friction model
parameters. The main conclusion of this investigation demonstrates that
the pavement temperature has a significant effect on pavement
frictional measurements and on the sensitivity of the measurements to
the test speed. Both the skid number at zero speed (SNO) and the per
cent normalised gradient tend to decrease with increased pavement
temperature. At low speed, pavement friction tends to decrease with
increased pavement temperature, and at high speed, the effect is
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reverted and pavement friction tends to increase with increasing
pavement temperature. Temperature-dependent friction vs. speed
models were developed for one of the mixes studied. These models
could be used to define temperature correction factors.
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An innovation to a previously proposed method for estimating friction
coefficients of winter road surfaces was achieved through the
introduction of a relatively new algorithm, the unscented Kalman filter.
Its use, instead of a generic algorithm, made estimating friction
coefficients in real time possible while keeping the core vehicular
motion model unchanged. The problem of estimating such coefficients
was too complicated to apply conventional feedback techniques, such
as an extended Kalman filter, because of the presence of not only a
nonlinear algebra equation but also a set of multiple differential
equations. The unscented Kalman filter did not require any explicit
function of state and observation equations in deriving Kalman gain.
This paper describes the usefulness of this new filter in solving the
problem and describes numerical experiments that validated the
effectiveness of the proposed new method in terms of computational
efficiencies. The friction coefficients estimated with the new technique
were in fairly good accordance with those measured in the field.
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Full-Scale Tire.” The data used in this study were provided by Texas
Transportation Institute (TTI) and Transportation Research Center
(TRC) from evaluation of state friction measurement systems that have
been calibrated at their field test centers. Two sets of data were
analyzed from each test center: “Initial” or “Arrival” and “Final” or
“Departure®. The Initial set was collected by state systems as they
arrived to each center for calibration. The Final set was collected after
adjustments were made to the state systems to put them into compliance
with AASHTO T 242. The variability of the friction measurements
were examined for both Initial and Final systems to evaluate the effect
of calibration on variability of the measurements. Only the Final State
System data were used to determine the precision estimates for
measuring frictional properties of paved surfaces. A draft precision
statement for AASHTO T 242 is proposed and included in this report.
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This paper explains the prediction of road surface friction coefficient
from macro- and microtexture parameters. Road sections on the
Belgian road network with different road surface characteristics are
chosen for friction, macrotexture, and microtexture measurements on
the Belgian road network for analysis. This study comprises field
testing and laboratory testing. In the first step of the field testing, the
speed versus friction coefficient relation is established using the side
force method. In the second step, macrotexture measurements are made
by a laser profilometer. The last step of the field testing covers to take
core samples for microtexture measurements. The laboratory testing
consists of the establishment of a new microtexture measurement
method called the new image analysis system. Finally, after statistically
analyzing both measurements, a new model is founded to predict road
surface friction coefficients from only macro- and microtexture at all
speeds. Results show that at any speed there are strong effects from
both macro- and microtexture on road surface frictions.
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The British pendulum tester is widely used for the measurement of
friction characteristics of pavement surfaces. To better understand the
complex interaction between the tester and test surface, finite element
simulation is applied in this paper to perform detailed analyses of
rubber-pavement contact. It offers a useful tool to analyze the test
behavior of the British pendulum tester. A three-dimensional finite
element model is used to determine not only the skid resistance value of
a test surface, but also other contact information which cannot be easily
measured experimentally. The findings suggest that the skid resistance
measurement of a pavement material can be determined without having
to physically perform the British pendulum test. Experimental tests
were carried out to verify the results obtained from the model.
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Hydroplaning on a pavement surface with a film of water occurs when
a vehicle reaches a critical speed and results in a loss of contact
between its tires and the pavement surface. Pavement groovings,
especially transverse pavement groovings, have been used in practice to
reduce the occurrences of hydroplaning. This paper presents the
development of a three-dimensional finite-volume model to simulate
the hydroplaning phenomenon on pavements with and without
transverse groovings. The theoretical considerations involved in the
flow simulation model are described. The flow simulation makes use of
fluid dynamics theories, utilizing the continuity equation, the Navier—
Stokes equations, and the standard k-epsilon turbulence model to model
hydroplaning. The simulation results for the case of a smooth plane
pavement surface are found to be in good agreement with experimental
results in the literature and the well-known National Aeronautics and
Space Administration (NASA) hydroplaning equation. The tire
pressure-hydroplaning speed relationship predicted by the model is
found to match very well with the empirical NASA hydroplaning
equation. The model is applied to analyze pavement surfaces with three
different transverse pavement groovings and verified against
experimental results reported in the literature. The analysis also
highlights the effectiveness of transverse pavement grooving in
delaying hydroplaning occurrence (i.e., raising the speed at which
hydroplaning occurs) and improving braking control during incipient
hydroplaning. The analytical design of transverse pavement grooving to
reduce the risk of hydroplaning is found in a companion paper.
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Microtexture and macrotexture are identified as the two important
properties of the pavement surface for the determination of skidding
resistance. Both types of texture are controlled through the specification
of materials. However microtexture is polished away by passing traffic,
necessitating surveillance of the road surface. Measurement principles
such as friction coefficients, skid resistance, comparison of results and
the development of the European Friction Index are outlined. The
portable skid resistance tester, SCRIM (Sideway force Coefficient
Routine Investigation Machine), the Grip Tester and high-speed devices
are described. The function of skid resistance standards is to provide a
framework for targeting the provision of high skid resistance within a
road network. Accident risk and skid resistance are discussed in relation
to wet roads. Default investigatory levels for trunk roads are tabulated.
Site specific risk assessment, accident data, UK skid resistance policies,
and the possibility of litigation (including the erection of slippery road
warning signs) are outlined.

ITRD

20 p.

Viner, H
References (13)

Transport Research Laboratory

Crowthorne House, Nine Mile Ride
Wokingham, Berkshire RG40 3GA United Kingdom

20020000

Accident; Accidents; Apparatus; Conference; Conferences; Congresses;
Devices; Equipment; Equipment; Government policy; Highway signs;
Legislation; Legislation; Legislative support; Maintenance;
Maintenance; Maintenance and repair; Measurement; Measurement;
Measuring; Policies; Policy; Policy; Regulatory policy; Risk
assessment; Risk assessment; Skid resistance; Skidding resistance;
Specification (standard); Standards; Statistics; Statistics; Surfacing;
Surfacing; Symposia; Traffic sign; Traffic signs; United kingdom;
United Kingdom; Vulnerability assessment; Warning; Warning systems

Data and Information Technology; Law; Maintenance and Preservation;
Policy; Safety and Human Factors

Title:

An Original Evaluation of the
Wearing Course Macrotexture
Evolution using the Abbot



Accession Number:
Record Type:
Language:

Abstract:

TRIS Files:
Media Type:
Pagination:

Authors:

Curve
01144847
Component
English

The wearing course is the top
surface layer of the road. The
road surface has multiple
functions with the main one
being traffic safety, which is
conditioned by skid resistance.
This skid resistance is
conditioned by pavement texture.
This paper presents an
experimental procedure allowing
to evaluate surface macrotexture
evolution of an asphalt concrete
specimen by laboratory testing.
Specimen surface changes
through the application of a
sinusoidal repeated load at high
temperature. The studied surface
is scanned before and after
mechanical testing using a laser
profiler. Texture maps are
analyzed using Abbott curve
which is also called bearing ratio
curve. The 3-D analysis enables
to quantify macrotexture
evolution under repeated traffic
conditions and to analyze the
influence of both temperature and
binder.

TRIS
Print
pp 471-494

Ech, Mohsen
EUROVIA
Morel, Stephane
CNRS-INRA
Yotte, Sylvie



Features:

Availability:

Publication Date:

Serial:

Index Terms:

Universite Bordeaux 1
Breysse, Denys
Universite Bordeaux 1
Pouteau, Bertrand
EUROVIA

Figures; Photos; References;
Tables (4)

Find a library where document is
available

Order URL:
http://worldcat.org/issn/14680629

20090000

Road Materials and Pavement
Design

Volume: 10

Issue Number: 3

Publisher: Hermes Science
Publications

ISSN: 1468-0629

Asphalt concrete; Asphalt
concrete pavements; Asphaltic
concrete; Asphaltic concrete
pavements; Bituminous concrete;
Pavement layers; Skid resistance;
Surface properties; Surface
texture; Texture; Wearing course

(Pavements)

Subject Areas: Highways; Pavements; 122:
Design of Pavements, Railways
and Guideways

Title: Evaluation of Traffic and Environment Effects on Skid Resistance

Accession Number:
Record Type:

Language:

and Safety Performance of Rubberized Open-grade Asphalt
Concrete

01163252
Monograph
English



Record URL:

Source Agency:
Source Data:

Abstract:

TRIS Files:

Report Numbers:

Contract Numbers:

Media Type:
Pagination:
OCLC:
Authors:

http://www.path.berkeley.edu/PATH/Publications/PDF/PRR/2010/PRR-
2010-14.pdf

UC Berkeley Transportation Library

Caltrans 1811

For most Departments of Transportation (DOTs) in the nation,
excluding California, pavements for which the skid number (SN40) is
below 30 are deemed unacceptable and corrective actions are required.
The main objectives of this study are to evaluate and analyze skid test
results from the test data inventory, and to identify and analyze before-
and-after collision data at sites where three experimental types of
pavements (Open Graded Asphalt Concrete, Groove Pavement, and
Rubberized Open Graded Asphalt Concrete) have been implemented.
Study results suggest that a significant relationship exists between SN40
and seasonal effects such as temperature, average monthly precipitation,
and the number of dry months prior last precipitation. A significant
relationship also exists in high-risk locations where average daily traffic
is higher, and in the more heavily used shoulder lanes. If highway
agencies wish to prioritize pavement improvements using SN40, SN40
must be standardized. The model developed in this study can provide
the needed adjustment factors. In addition, while further research is
needed, results suggest that new pavement types such as OGAC can
improve safety performance of roadways.
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Safe operation of vehicles is affected by natural
factors, human factors, and traffic loads. A reduction
in the quality of the road surface leads to a decrease
in the safe following distance and stability on curves
and causes accidents such as rear-end collisions and
skids. In addition to the surfacing type, road
alignment, and operating speed, traffic safety is also
related to the pavement roughness, texture, and skid
resistance as well as other road surface conditions.
Eight road surface skid-resistance evaluation
parameters, including the maximum longitudinal and
transverse friction coefficients, the allowable
longitudinal friction coefficient fTA, the allowable
transverse friction coefficient fSA, the expected
longitudinal friction coefficient fTR, the expected
transverse friction coefficient fSR, and the
longitudinal and transverse critical values of road
surface safety condition, were used to establish a
quantitative model of road-surface safety. A case
study and road-surface model showed that the
critical values of road surface safety condition of test
sections of a road in China was 13.2, indicating that
the minimum technical standard for the friction
coefficient of bituminous penetration-type pavement
is lower in China than in other countries and is one
of the critical factors in skidding accidents.

Need to request password to view papers online
ITRD, ARRB
13p

Hu, J
Beijing University of Technology

3rd International Road Surface Friction Conference,
Gold Coast, Queensland, 15-18 May 2011

01344041

20110500


http://www.saferroads.org.uk/2011papers.asp

Conference:

Index Terms:

Subject Areas:

International Surface Friction Conference, 3rd, 2011
Location: Gold Coast Queensland, Australia
Date: 20110515 -20110518

Behavior; Behaviour; Case study; China; Design
standards; Drivers; Harmonisation; Harmonization;
Highway safety; Human behavior; Motor vehicle
operators; Public safety; Road networks; Road
safety; Safe systems (road users); Safe systems
(roads); Safety; Safety measures; Skidding
resistance; Standardisation; Standardization;
Uniformity; Vehicle spacing

Safety and Human Factors; 123: Properties of Road
Surfaces

Title:

Accession Number:

Record Type:
Language:
Order URL:
Source Data:

Abstract:

TRIS Files:

Report Numbers:

Review of High-Friction Surface Technologies -- Constructability
and Field Performance

01152386
Component
English

http://pubsindex.trb.org/orderform.html

Transportation Research Board Annual Meeting 2010 Paper #10-2072

Even though the relationship between roadway safety and pavement
friction has long been recognized, lack of sufficient friction at the tire-
pavement interaction is still a significant contributing factor to vehicle
crashes. To reduce skid-related crashes and the related fatalities on
highways, optimum levels of pavement friction must be maintained
under all weather conditions. Specially designed high-friction surfaces
(HFS) are being more commonly considered for areas where demand
for friction is high because these surfaces provide superior pavement
friction without negatively affecting other surface characteristics such
as noise or durability. The objectives of this paper are to review some
of the high-friction surfaces available in the United States market, and
contrast the performance (friction and macrotexture) of different
applications in various locations. Six products used in the U.S. are
contrasted in terms of performance and durability. Typical friction and
texture values for the various products are presented.
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Research has been conducted to relate highway pavement conditions
with vehicle accidents. Utilizing the Tennessee Pavement Management
System (PMS) and Accident History Database (AHD), this study
developed 20 negative binomial regression models to examine the
relationships between pavement condition parameters, crash frequency,
and crash types. The modeling results indicated that either Present
Serviceability Index (PSI) or International Roughness Index (IRI) was a
significant pavement condition parameter for predicting the crash
frequency of highway segment; whereas, the Rut Depth (RD) was not
statistically significant in the crash prediction models. Due to the
collinearity between PSI and IRI, it was found that when the two
parameters were applied together into the crash regression models, the
statistical regression results could not be well explained. Comparing to
the IRI and RD models, the models’ goodness-of-fit results indicated
that PSI models had the best performance consistently in predicting the
frequency for each type of crashes. Additionally, regression results
indicated that either right shoulder width or left clearance to median up
to 8 feet wide would significantly reduce the crash frequency.
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Increases in registered motorcycles and related crashes and fatalities
were observed in recent years in the Commonwealth of Puerto Rico, as
it was the case for the United States and several European countries.
Although road crashes are strongly dependent on human behavior, the
effects of the roadway design, condition, and environment cannot be
just ignored, particularly for motorcycles crashes. The risk of crash and
the potential for higher severity once a crash happens is certainly higher
for motorcycles than for other types of motor vehicles. This paper
focuses on the evaluation of road information and motorcycle crash
data to identify roadway design elements that are significantly
associated with motorcycle crashes. The study performed a road
inspection process of 39 road segments and employed the use of
correlation, ANOVA, and multiple regression analyses. In addition, a
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survey of motorcycle riders was performed to identify their perception
about the relation between the roadway condition and motorcycle
safety. The study results indicate that the main roadway elements
associated with motorcycle crash rates are the cross-section type and
width, the intersection density, the posted speed limit, the presence of
on street parking, pavement defects, and residential developments.
These roadway elements and conditions can be targeted on new road
construction and roadway improvement projects, in which motorcycles
are considered in the road design. Establishing effective road
maintenance practices that focus on these particular roadway elements
can alleviate the problem of motorcycle crashes.
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Setting a procedure to assess the efficiency in provision of the funds
and operational expenses in road safety projects requires to establish a
process involving the economic appraisal and optimization tasks. In the
optimization process developed in the paper, five types of geometric
features may be considered in the analysis including: (1) lane width and
pavement condition, (2) horizontal curves, (3) vertical curves, (4)
roadside condition, and (5) narrow bridges. The model enables the
users to evaluate a variety of improvement alternatives for each
predetermined geometric feature along the route under study, following
which all possible mutually exclusive proposals are achieved for each
site. Both calculating the executive costs and estimating the monetary
benefits according to the reduction of road accidents for each proposal
are the main components in estimating the net benefit attributable to
each mutually exclusive proposal. Afterwards, an optimization process
using linear integer programming is fed by the outpts of the cost-benefit
analysis to find out the highest net benefit (as an efficiency criteria)
among all provided proposals for all sites under study.
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Managing skid resistance is an essential part of Queensland Department
of Transport and Main Roads (TMR) responsibilities to ensure traffic
safety. TMR released its skid resistance management plan as a central
strategy for managing skid resistance. In managing skid resistance on
Queensland state-controlled road networks, a Road Analyser and
Recorder device had been used in monitoring skid resistance. TMR
endeavours to provide proactive approaches in managing skid
resistance. However, it is extremely difficult to predict skid resistance
deterioration rates in future so that skid resistance treatments could be
planned ahead. With the availability of skid resistance data at the
network level, TMR wishes to make use of these data to find ways to
predict skid resistance performance in future. A cooperative research
project was established between TMR and the Australian Asphalt
Pavement Association (AAPA) to analyse these skid resistance data and
to develop skid resistance performance profiles (i.e. skid resistance
deterioration rates) for its road network. Skid resistance data collected
between 2004 and 2007 were used in the analysis. This paper presents a
proposed methodology employed in developing skid resistance
performance profiles.
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This paper explores the possible role of skid resistance in the not-too-
distant future when roads carry a rather different mix of vehicles from
that using them today. Three factors are likely to reduce the demand for
skid resistance. Reductions in excessive speeds are likely to be
achieved through developments such as increased enforcement in
conjunction with intelligent speed adaptation. Reductions in the
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demand for unexpected braking are likely to be achieved through road
design changes and advisory technologies at intersections, and by in-
vehicle systems to warn of impending collisions. Intelligent braking
systems (an extension of anti-lock braking systems) will eliminate
skidding, reduce stopping distance and allow steering while braking.
The effectiveness of all these technologies is likely to be enhanced by
vehicle to vehicle (V2V) and vehicle to infrastructure (V2I)
communications which inform other vehicles in the vicinity when
warning messages or avoiding action is being initiated. These
developments suggest that skid resistance may become less critical in
providing a safe road system in the future. However, increasing
community expectations for safety as reflected in the wide adoption of
Safe System principles or their equivalent will not allow skid resistance
to be traded off against improved vehicle braking performance.
Increased travel by powered two-wheelers in response to increasing oil
prices is likely to present new challenges in maintaining adequate skid
resistance and in eliminating major inconsistencies in skid resistance.
Skid resistance is likely to remain a key element in the provision of a
safe road system into the future, although priorities for the detailed
manner in which it is provided may change.
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The project TYROSAFE (Tyre and Road Surface Optimisation for Skid
Resistance and Further Effects) was a coordinated action funded by the
European Community&rsquo;s seventh framework program (FP7, 2007
- 2013). The main objectives of the project were to raise awareness, in
order to coordinate and prepare for European harmonisation of skid
resistance policies and to optimise the assessment and management of
essential tyre/road interaction parameters, within the broader context of
increasing safety and reducing the impact of European road transport.
To achieve this, the project focused on tyres, the road surface, and the
interaction between the two, because only an optimised interaction can
deliver road safety benefits and simultaneously ensure the most positive
greening effect through reduction of CO2 output and noise emissions.
The project provided a synopsis of the current status of scientific
understanding in these areas, the application of this knowledge in
national and European standards, and existing skid resistance
measurement policies, methods, and parameters. This allowed future
research requirements to be identified, and a proposal made with
regards to the future objectives of European road administrations in
order to optimise three key properties: skid resistance, rolling resistance
and tyre/road noise emission.
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Influence of Roadway Surface Discontinuities on Safety: State of
the Art Report
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This circular is an update to a 1983 report of the same title. Issues
addressed in this updated state-of-the-art report on the impact of
pavement surface discontinuities on safety include hydroplaning, holes
and bumps, edge conditions, and the positive effects of road surface
discontinuities such as rumble strips and speed bumps.
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This publication contains papers presented at the Symposium of the
same title which was held in Washington, DC, on 7-8 December, 2004.
The Symposium was sponsored by ASTM Committee E17 on Vehicle
— Pavement Systems. This new ASTM publication presents the latest
information on the practical and developmental aspects of pavement
surface evaluation procedures and technologies, including their
reliability and relevancy. Pavement distress assessment and friction
characteristics measurements have become important tools in the
performance evaluation and management of roadway systems. They are
being used to identify potentially hazardous conditions, monitor the
surface characteristics of the various in-service pavements, and assess
the need for rehabilitation and maintenance. This need to quantify
pavement surface condition has resulted in a number of techniques and
equipment. Also, advances in testing, sensor and inertial navigation
technologies have enhanced the functionality of pavement evaluation
equipment, allowing highway engineers and practitioners to capitalize
on the large amount of information offered by the state of the art
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equipment. However, with the ever evolving technologies and
increasing needs for faster, more accurate and harmonized pavement
performance monitoring technique/ procedures, and data interpretation,
more venues for sharing, documenting, and disseminating information
are needed.
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Nowadays, the functional properties of road pavements have gained
additional significance due to a large supply of new materials and
technologies. Ride comfort and safety are the two main goals of
functional pavement design. Unfortunately, common pavement design
methods only take into account the bearing capacity and an important
gain of knowledge is still needed concerning pavement surface
properties and its relationship with traffic safety. Since last year, it is
being developed a PhD programme at Technical University of Lisbon
which main objective is to provide an important contribution to the
improvement of the quality of the road network so as to reduce accident
severity on Portuguese roads by developing an innovative design
methodology of road pavements, considering its functional
performance. The paper content is based on the first task of this
research work which consists on finding relationships between accident
risk and functional properties of asphalt pavements, traffic flow and
speed, road layout and weather conditions. For that, a selected group of
roads of the Portuguese network have been studied, in order to make
available skid resistance, texture and road accident data segregated by
site category (bends, approaches to junctions, high gradients). These
results and conclusions will be useful for future research, first to model
traffic performance behaviours for each wearing course techniques and
finally to support a new methodology for the design of functional
pavement wearing courses based on traffic safety criteria.
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This paper describes the history of the bituplaning phenomenon,
documents its occurrence in the literature and briefly describes the
development of one standard procedure to alert the road user to the
inherent risk. Bituplaning has previously been documented twice in the
United Kingdom, first in 1986 then in 2001. The first case of
bituplaning related to a “traditional” hot-rolled-asphalt (HRA) surface,
reinforcing the belief that any surface course aggregate coated with
excess binder could exhibit the bituplaning effect. A number of
experiments to measure the temperatures generated at the tyre/road
interface of a locked wheel on a dry road surface are also described,
along with comments concerning features of negative textured road
surfaces, which may influence road user behaviour to increase accident
rates on these new surfaces. Various strategies for signing new surfaces
are in operation in the UK. A standard, based on detailed research, is
already in place to monitor and warn road users of the manifestation of
the bituplaning phenomenon on new porous asphalt surfaces in the
Netherlands. (a) For the covering entry of this conference, please see
ITRD abstract no. E212865.

ITRD
19P (SESSION 4)

Bullas, J C

johnb@soton.ac.uk
University of Southampton

International Surface Friction Conference: roads and runways:
improving safety through assessment and design, 1-4 May 2005,
Christchurch, New Zealand

01026723

20050500


mailto:johnb@soton.ac.uk

Serial:

Index Terms:

Subject Areas:

INTERNATIONAL SURFACE FRICTION CONFERENCE, 2005,
CHRISTCHURCH, NEW ZEALAND
Publisher: TRANSIT NEW ZEALAND

Asphalt; Binder; Binders; Braking; Braking; Conference; Conferences;
Congresses; Dryness; Dryness; Engineering properties; Friction;
Friction; Highway; Highway signs; Pavement; Pavements; Porous
asphalt; Porous materials; Properties; Properties of materials; Roads;
Rubber tires; Skid resistance; Skidding resistance; Surface; Surfaces;
Symposia; Tires; Traffic sign; Traffic signs; Tyre; Tyres; Vehicle;
Vehicles; Warning; Warning systems

Highways; Materials; Operations and Traffic Management; Pavements;
Vehicles and Equipment; 123: Properties of Road Surfaces; 173: Traffic
Control

Title:

Accession Number:

Record Type:
Language:

Abstract:
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& Ice Removal Operations - Part V: Vehicular Speed Associated
with Winter Pavement Conditions
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The major objective of the study was to develop a procedure to
determine the level of service using the Road Weather Information
System (RWIS) speed measurements. The procedure developed can be
used by Ohio Department of Transportation (ODOT) to evaluate winter
maintenance activities and for winter maintenance decision making.
Average traffic speeds for five minute intervals were measured using
NuMetrics road sensors and they were related to the pavement and
driving conditions. In addition speed data from two other studies was
used. The pavement conditions were determined by conducting surveys
at rest area buildings using a questionnaire form. It was found that the
average traffic speeds were significantly lower during a major snow
event even when periodic plowing and salting was done. The average
speeds decreased almost linearly for the period of the snow storm
reached the minimum and then climbed back slowly towards higher
speeds. The speeds appear to be a fairly sensitive measure to judge the
condition of the pavement. The motorist judgments about the pavement
condition and their perception of the safety of driving decreases during
a rather severe winter storm which is mirrored in the speed decrease. It
appears from the survey that about two thirds of the motorists judge the
deterioration of the road conditions and the inadequate level of road
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maintenance during a winter storm as bad or moderately bad. The
responses obtained for the car and the truck drivers are fairly close to
each other indicating that both groups can judge bad road condition
equally well. The observed road conditions appear to influence the
drivers in terms of how they subjectively feel about the level of safety
and stress experienced during driving in the winter storm. A simple
procedure was developed for winter maintenance management to
determine the condition of the road (freeways) based on the average
speeds observed by the RWIS sensors. If the average winter speed of
the traffic is equal or greater than the historical established wet/salted
pavement speed, the level of service is considered adequate. According
to the Swiss study, the wet/salted surface winter speeds are about 85%
of the dry surface speeds for freeways and 96% for city streets. If the
average winter speed is below the wet/salted surface speed, the level of
service is considered inadequate. Any speed less than 50% of the
wet/salted surface speed indicates fairly bad road conditions and an
extremely inadequate level of service. It should be noted that the winter
pavement conditions can be highly dynamic. Depending on the rate of
accumulation of snow, frequency of the snow plowing, length of the
snow plow route, the pavement condition can improve and deteriorate a
number of times during a winter storm. The level of service can get
worse even with maximum snow plowing and salting effort in a
situation with a high rate of snow accumulation. The winter speeds
observed as a percentage of the average dry surface speed can be
correlated with the level of service. A relatively more fine graduation of
the level of service as a function of the percentage of the average dry
surface speed is proposed in the recommendations of the report.
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Highway safety is a major concern to the public and to transportation
professionals, so the number of crashes caused by poor visibility due to
fog form an alarming statistic. Drivers respond to poor visibility
conditions in different ways: some slow down; others do not. Many
drivers simply follow the taillights of the vehicle ahead. Accordingly,
hazardous conditions are created in which speeds are both too high for
the prevailing conditions and highly variable. Findings are presented
from a study of traffic crashes due to fog in the southern region of
Saudi Arabia. The primary objective was to assess the effectiveness of
fog detection and warning system on driver behavior regarding speed
and headway. This warning system includes visibility sensors that
automatically activate a variable message sign that posts an advisory
speed when hazardous conditions due to fog occur. The system was
installed on a 2 km section of a two-lane, rural highway. A data set of
36,013 observations from both experimental and control sections at two
study sites was collected and analyzed. The data included vehicle
speed, volume, and classification; time headway, time of day, and
visibility distance. Although the warning system was ineffective in
reducing speed variability, mean speed throughout the experimental
sections was reduced by about 6.5 kph. This reduction indicates that the
warning system appeared to have a positive effect on driver behavior in
fog even though the observed mean speeds were still higher than the
posted advisory speed. From relationships found in the literature
between mean driving speed and number of crashes, a speed reduction
of only 5 kph would yield a 15% decrease in the number of crashes.
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The Pennsylvania Turnpike Commission (PTC) commissioned a turn-
key Fog Warning System (FWS) to eliminate fog-related crashes and to
reduce secondary crashes along a 19 km (12 mile) stretch of the
Turnpike. The Fog Warning System provides real- time, automated
detection as well as appropriate responses to counteract reduced
visibility conditions by informing drivers of conditions present and
lowering the speed limits to match the reduced visibility conditions. For
the covering abstract see ITRD E140665.
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Abstract: This report describes the evaluation of the "Reduced Visibility" warning

system on [-68 in Garrett and Allegany Counties in western Maryland.
The system uses "Reduced Visibility Possible" signs located in two fog-
prone areas, one near Big Savage Mountain and the other near Keysers
Ridge. The evaluation had three objectives: to evaluate motorists' response
to the "Reduced Visibility" sign; to evaluate the system's response based
on its concept design; and to evaluate the system's operation, including all
components such as the fog sensor, radio equipment, sign and flashing
mechanism and communications interface. The study revealed a total of
13 fog events, each of which is analyzed in this report. The system was
considered a success in the sense that it detected fog when fog was present
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and provided the relevant information to drivers on [-68 via the sign
message. The system operated flawlessly throughout the study period.
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This paper presents findings from a study of traffic crashes due to fog
in southern Saudi Arabia. The main aim was to assess the effectiveness
of a fog detection and warning system on driver behavior regarding
speed and headway. The warning system includes visibility sensors that
automatically activate a variable message sign that posts an advisory
speed when hazardous conditions due to fog occur. The system was
installed on a 2-km section of a 2-lane, rural highway. A data set of
36,013 observations from both experimental and control sections at 2
study sites was collected and analyzed. Although the warning system
was ineffective in reducing speed variability, mean speed throughout
the experimental sections was reduced by about 6.5 kph. This reduction
indicates that the warning system appeared to have a positive effect on
driver behavior in fog even though observed mean speeds were still
higher than the posted speed. From relationships found in the literature
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between mean driving speed and number of accidents, a speed
reduction of only 5 kph would yield a 15% decrease in the number of
accidents.
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On May 23, 2003, a multi-vehicle accident was reported on Interstate 68 at mile
post 29, eastbound. When Fire and Rescue Units arrived, they found several
vehicles involved in the eastbound accident. Garrett County Sheriff's Dept.
Communications Operator Bill Wiltison noted that this accident occurred around
1:20 p.m. Friday; and a second, larger accident, involving more than 50 vehicles,
began almost an hour later in the westbound lanes. This second accident quickly
turned into a nightmare involving a chain reaction with nearly 90 vehicles,
including tractor trailers. Heavy fog was blamed for the accident. Interstate 68
remained closed for approximately 24 hours after the first accident occurred. Fog is
a cloud that forms at the surface of the earth. It consists of a multitude of minute
water droplets suspended in the atmosphere. According to international definitions,
fog is present when horizontal visibility drops below 0.62 miles or one kilometer.
Heavy fog is defined as visibility below 0.25 miles. This serious multivehicle
accident, the latest in a series of accidents caused by reduced visibility in fog, was
the impetus for this investigation into remedial measures can be applied in this fog-
prone corridor. The corridor in question extends along [-68 from the West Virginia
state line to the vicinity of Frostburg, Maryland, a distance of approximately 35
miles. The objective of this project is to install a system that will identify conditions
of low visibility and notify approaching drivers of the limited visibility situation
before they encounter it. Following an introduction, this report provides a
discussion of similar projects and the technology they employed. With this
background, the report examines the project site and identifies fog-prone areas. It
then defines sensor locations and traffic sign locations within these areas. The state
highway administration (SHA) has an investment in road weather information
systems (RWIS) infrastructure in this corridor. The next section identifies key
components of this infrastructure. The final section of the report provides a
description of various alternative approaches and recommends a specific solution.
In this last section, the recommended solution is described in detail and costed.
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Abstract:

Active warning systems are traffic control devices consisting of variable signs or flashing
beacons with conventional warning signs, which are activated by sensors detecting real-
time roadway, environmental, and operational hazards. Currently most active warning
systems detect and warn drivers of variable weather or pavement conditions, high-risk
vehicle operating speeds, or the presence of intermittent hazards such as other vehicles,
pedestrians, or wild animals. Within the Intelligent Transportation Systems framework,
active warning systems applications detect these and other variable hazards and
communicate these warnings directly to the vehicle or operator. Because most active
warning systems are relatively recent, limited long-term system performance data are
available. Testing and evaluation of active warning signs should continue to more firmly
establish their benefits to highway safety and traffic operations. This paper provides an
overview of available active warning systems and discusses their implementation
requirements and potential benefits based on results and recommendations from
evaluation studies. [ABSTRACT FROM AUTHOR]

Copyright of Journal of Transportation Engineering is the property of American Society
of Civil Engineers and its content may not be copied or emailed to multiple sites or
posted to a listserv without the copyright holder's express written permission. However,
users may print, download, or email articles for individual use. This abstract may be
abridged. No warranty is given about the accuracy of the copy. Users should refer to the
original published version of the material for the full abstract. (Copyright applies to all
Abstracts.)

Author Affiliations:

ISSN:

DOI:

! Associate Professor, Dept. of Civil and Environmental Engineering, Univ. of Alabama,
Birmingham, Birmingham, AL 35294

*Graduate Student, Dept. of Civil and Environmental Engineering, Michigan State Univ.,
E. Lansing, M1 48244

0733947X

10.1061/(ASCE)0733-947X(2005)131:3(205)

Accession Number:

16145762

Persistent link to this record (Permalink):

http://search.ebscohost.com/login.aspx?direct=true&db=a9%h&AN=16145762&site=chost
-live



http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=16145762&site=ehost

Cut and Paste:
<A
href="http://search.ebscohost.com/login.aspx?direct=true&db=a9h& AN=16145762 &site
=ehost-live">Active Warning Systems: Synthesis.</A>
Database:
Academic Search Complete

Record: 2
Title:
New System for Detecting Road Ice Formation.
Authors:
Troiano, Amedeo'
Pasero, Eros'
Mesin, Luca'
Source:
IEEE Transactions on Instrumentation & Measurement; 03/01/2011, Vol. 60 Issue 3,
pl091-1101, 11p
Document Type:
Article
Subject Terms:
*DETECTORS
*TEMPERATURE measurements
*MATHEMATICAL models
*ROADS
*ALGORITHMS
*ESTIMATION theory
*ELECTRIC capacity
ICE formation & growth
Author-Supplied Keywords:
Capacitance
Capacitance measurement
Frequency measurement
Ice
ice detection
Mathematical model
road information
Roads
sensor
Temperature measurement
Temperature sensors
water detection
Abstract:
The reliable detection of water and ice over road surfaces is an important issue in
improving the traffic safety and in reducing the costs for maintenance, particularly during
winter. A low-cost capacitive sensor for the estimation of road conditions is studied. A
simulation model was developed to investigate the capacitance of the sensor when air,



water, or ice is covering its surface and to assess the effect of the variation of an
environmental temperature or of the thickness of water or ice. An algorithm for the
estimation of the state of the sensor (dry, wet, or icy) was developed based on the results
of the simulations, which indicated that the time derivative of the estimated capacitance
provided optimal information. The accuracy and reliability of the estimates provided by
the sensor were assessed in laboratory experiments, placing more sensors in a climatic
chamber and investigating the estimated state of the sensors and the timing of the
identification of wet-icy or icy-wet transitions. Reliable estimates were obtained by all
the sensors, with a dispersion of the transition times on the order of a few minutes. The
sensor was also investigated in the field. Two sensors (one of which was bituminized)
were embedded in a road pavement to monitor continuously the road surface condition
for a month. Both sensors provided indications in line with the environmental conditions,
identifying properly the icy condition and indicating the wet state of the road during both
rain and fog. Thus, the sensor is suggested as a feasible tool for monitoring the road
conditions to support information systems improving the security and efficient
maintenance of roads during winter. [ABSTRACT FROM AUTHOR]
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Abstract:
A numerical model designed to simulate the evolution of a snow layer on a road surface
was forced by meteorological forecasts so as to assess its potential for use within an
operational suite for road management in winter. The suite is intended for use throughout
France, even in areas where no observations of surface conditions are available. It relies
on short-term meteorological forecasts and long-term simulations of surface conditions
using spatialized meteorological data to provide the initial conditions. The prediction of
road surface conditions (road surface temperature and presence of snow on the road) was
tested at an experimental site using data from a comprehensive experimental field
campaign. The results were satisfactory, with detection of the majority of snow and
negative road surface temperature events. The model was then extended to all of France
with an 8-km grid resolution, using forcing data from a real-time meteorological analysis
system. Many events with snow on the roads were simulated for the 2004/05 winter.
Results for road surface temperature were checked against road station data from several
highways, and results for the presence of snow on the road were checked against
measurements from the Météo-France weather station network. [ABSTRACT FROM
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The article focuses on Smart Road, the world's only climate-controlled test highway in
Virginia. Realistic rain from a light mist to torrential downpours are being produced
through seventy-five weather-making towers located along the road. Half-million gallon
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water tanks are being used to produce rain. The value of the meteorological test track is
$50 million. INSET: Take a Test Drive.
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Abstract: Warning systems for slippery road conditions are a potential newcomer

among driver support systems. 75 participants drove in a high-fidelity
driving simulator on roads with both visible and invisible ice, to
investigate to which extent drivers rely on a low friction warning
system. Three experimental groups with different versions of a low
friction warning system and a control group without warning system
were compared. All drivers ranked the systems according to trust. A
system displaying recommended speed received the best ratings.
Driving speed was analyzed for 3 particular segments of the route.
Generally, lowest speeds were achieved with the recommended speed
system. The participants drove more slowly on a slippery segment that
looked icy than on the segments that looked dry when they did not
receive a low friction warning. When they received a warning for low
friction they also lowered their speed for the segment looking like
asphalt. The results provide guidelines for how to present low friction
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Vehicle infrastructure integration (VII) represents a concept with the
potential to aid in the reduction of weather-related accidents on U.S.
roadways while increasing surface transportation mobility and
efficiency. Technological advancements in the automotive and
telecommunications industries have resulted in the ability of vehicles to
acquire and use high temporal- and spatial-resolution information
associated with environmental and roadway conditions. VII would
enable vehicle-to-vehicle and vehicle-to-infrastructure communications
through dedicated short-range communications (wireless radio
communication at 5.9 GHz). This capability could potentially serve as a
means of gathering and distributing vehicle data in support of
applications and products designed to diagnose and predict road
weather conditions. It is believed that the inclusion of VII-enabled data
in road weather applications will improve weather and road condition
analyses and forecasts. A summary is given of vehicle data elements
that are likely to contribute to development and improvement of road
weather products. A synopsis of probable VII product enhancements is
provided, along with examples of how vehicle data can be used in the
application development process. Developing a broad understanding of
how to use vehicle data properly will require a significant amount of
research. Research needs aimed at addressing the technical issues and
barriers associated with the use of VII-enabled data are discussed.
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The nation’s weather enterprise generally relies on a network of a
couple thousand automated weather observing stations to sense and
report on the state of the lower atmosphere. These stations are typically
situated in pristine fields adjoining airport runways. And while these
stations fulfill the requirements for airport ground operations, they do
little to report accurately on pavement and near surface conditions on
the nation’s roads. The FHWA is doing something about this data
coverage gap through two initiatives: Clarus and Vehicle Infrastructure
Integration (VII). First, the Clarus Initiative seeks to maximize the
utility of road weather observations by running quality checks on the
data and then disseminating the observations to the weather and
transportation communities. The Clarus Initiative involves the creation
of an advanced data management system that will be able to assimilate
all environmental sensor station observations across North America and
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second initiative involves utilizing passenger vehicles as mobile
weather probes. The VII Initiative is based on having automobile
manufacturers equip cars with onboard units and transceivers that are
capable of collecting snapshots of dozens of onboard systems (e.g.,
windshield wiper state or outside air temperature) and transmitting
these data to a national communications infrastructure. Successful
deployment of such a national system could result in the generation of
millions of new vehicle-based observations that could reveal new
details about the state of the atmosphere at the driver’s level and
conditions on the pavement surface. This paper provides details on the
progress of both the Clarus and VII Initiatives, which have the potential
to change the way that the nation observes and manages surface
weather data.
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On average, 7,400 people are killed each year in vehicle crashes that are
associated with adverse weather conditions. The U.S. Department of
Transportation (USDOT), through the Federal Highway Administration
(FHWA) and the Research and Innovative Technology Administration
(RITA), has invested in two major initiatives, Clarus and Vehicle
Infrastructure Integration (VII), whose products will help to reduce the
impacts of adverse weather conditions on surface transportation users.
In addition to the high-level goals associated with improving safety and
traffic operations, these programs will address the concern that most of
today’s weather forecasts are primarily driven by atmospheric data and
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are therefore unable to accurately address the complex interactions that
occur at the land surface-atmosphere interface (the lowest portion of the
atmosphere from the driver level to the pavement and down into the
subsurface). This shortfall results in part from a lack of plentiful, high-
quality surface and subsurface observations. Moreover, there is a
limited amount of information regarding how weather affects pavement
conditions, as well as what roles pavement and subsurface
characteristics play in determining the factors that directly impact
roadway safety and mobility. This paper will provide details regarding
the latest developments on both the Clarus and VII initiatives and
describe activities ranging from a new generation of quality checking
algorithms to research based on data from both passenger vehicles and
long haul trucks.
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The USDOT’s planned Vehicle Infrastructure Integration (VII)
program is still in its infancy and presents an opportunity for the
automotive industry and state/local departments of transportation to
develop strategic partnerships to leverage each other’s data and
infrastructure. This paper presents a method to monitor pavement
condition by proposing procedures to leverage vehicle accelerometer
and position data using the emerging VII infrastructure. In the study,
test vehicles were mounted with accelerometers and GPS units. Body
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mounted accelerometers are very effective at detecting potholes and
other pavement distress. However, the spatial uncertainty of GPS data
precludes the simple averaging of data. This paper illustrates the
importance of post-processing accelerometer data with correlation
algorithms to effectively identify pavement distress. Using the data, the
paper proposes a method of implementing a real time, distributed
network of equipped vehicles to provide a cost-effective, frequently
updated survey of ride quality over a wide geographic area, which
could provide data to aid in routine maintenance, network-level
repaving, and risk management decisions.
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The Statewide Wireless Communications Project was an umbrella project intended
to support various INDOT activities in the area of wireless communications. As
these activities were conducted independently the report for the project is
organized into three volumes. Volume 1 contains the results of satellite and
cellular communications field testing undertaken in support of INDOT’s
SiteManager application. Volume 1 also contains the results of an evaluation of
spread spectrum radios for long-range communications. Volume 2 contains the
results of detection zone evaluation for loop detection of bicycles and the results of
testing algorithms for travel time estimation using vehicle re-identification based
on inductive and micro-loop signatures. Finally, Volume 3 contains the results of
preliminary testing of a vehicle-infrastructure integration application in road
condition monitoring. In Volume 1 we found that SiteManager could not be
adequately run over a satellite link because the long round trip delay of the
communication link negatively interacted with SiteManager’s internal client-server
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communications protocol to severely reduce overall throughput. A solution to the
problem was to use terminal emulation in the field with the client software running
on a computer connected to the server via a high bandwidth, low delay link. The
downside to the terminal emulation approach is that it requires that the field
engineer have a communication link wherever the application is run. In Volume 1
we also found that current generation spread spectrum radio ranges in Indiana
topography with antenna heights corresponding to signal arm mounting were on
the order of 3 miles. This was too short by a factor of 3 to support a multihop
network for traffic signal control and telemetry. In Volume 2 we developed a
numerical technique for mapping the bicycle detection zones of loop detectors. A
number of recommendations were made concerning loop geometry, depth, detector
sensitivity, and pavement markings for purposes of improving bicycle detection.
We also developed algorithms for travel time estimation based on vehicle
signatures captured from commercially available inductive and micro-loop
detector cards. The travel time estimation algorithms were field tested and show
promise. In Volume 3 a prototype road condition monitoring system was built
upon a passenger van platform and preliminary field testing and data analysis was
done. Algorithms were developed to address positional uncertainties present in
GPS measurements in order to allow the averaging of data taken in multiple
independent runs. The results were also field tested using INDOT’s Laser Profiling
vehicle.

TRIS

FHWA/IN/JTRP-2005/13

SPR-2852

Web

33p

Krogmeier, James V

Phone: 765-494-3530
vk@ecn.purdue.edu

Purdue University
Bullock, Darcy M
Phone: 765-494-2222
Fax: 765-496-7996
darcy(@purdue.edu
Purdue University

Figures; Photos; References; Tables

Purdue University/Indiana Department of Transportation JHRP


mailto:darcy@purdue.edu
mailto:jvk@ecn.purdue.edu

Authors: Purdue University, School of Civil Engineering
West Lafayette, IN 47907-1284 USA
Indiana Department of Transportation
100 N Senate Avenue
Indianapolis, IN 46204 USA
Federal Highway Administration

1200 New Jersey Avenue, SE
Washington, DC 20590 USA

Availability National Technical Information Service

5301 Shawnee Road
Alexandria, VA 22312 USA

Publication
Date:

20080700

Edition: Final Report

Index Bicycle travel; Bicycle usage; Cell phones; Cellular telephones; Communication

Terms: systems; Communications networks; Field tests; Global Positioning System; GPS;
In situ tests; Journey time; Satellite communication; Transportation planning;
Travel time; Vehicle infrastructure integration; Wireless communication systems

Subject Highways; Pedestrians and Bicyclists; Planning and Forecasting; 172: Traffic and
Areas: Transport Planning

Title:

Accession Number:
Record Type:
Language:

Record URL:
Record URL:

Abstract:

Vehicle Infrastructure Integration (VII) Based Road-Condition
Warning System for Highway Collision Prevention

01140921

Monograph

English
http://ntl.bts.gov/lib/31000/31100/31178/476660-00043-1.pdf

http://swutc.tamu.edu/publications/technicalreports/476660-00043-
1.pdf

As a major Intelligent Transportation Systems (ITS) initiative, the
Vehicle Infrastructure Integration (VII) program is to revolutionize
transportation by creating an enabling communication infrastructure
that will open up a wide range of safety applications. The road-
condition warning system is a unique application of VII technology,
which is to provide drivers with real-time information about unexpected
roadway conditions ahead, such as accidents, speed reduction zones,
hazardous weather conditions, etc. The safety effectiveness of the VII-
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based warning systems needs to be investigated under various driving
conditions. In this study, three different types of warning systems:
Rural Highway Driver Warning System (RHDWS), Highway Lane
Change Warning System (HLCWS) and Work Zone Driver Warning
System (WZDWS), were designed and tested in the designed highway
scenarios by driving simulator experiments. The experimental results
show that all three systems can reduce the crashes in the designed
environment. According to the survey result, the system is easy for the
driver and helpful to them in driving safely under various driving
conditions. The results of this research will be helpful for the decision
making on the application of VII technology.
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In this article, the author describes a number of tests conducted by the
Michigan Department of Transportation (MDOT) regarding Vehicle
Infrastructure Integration (VII). The tests, conducted in the Detroit area,
collect vehicular information such as speed of travel, road surface
conditions, windshield wiper use, air temperature, and shock and
antilock brake use. Intelligent Transportation Systems (ITS) concepts
such as VII are implemented in order to increase both mobility and
safety. Using a dedicated short-range radio system (DSRC), which links
cars to one another via vehicle-to-vehicle as well as to wayside hubs,
researchers hope to determine whether a fast moving vehicle can
engage in local wireless network communications as effectively as
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Vehicle Infrastructure Integration (VII) involves the two-way wireless
transmission of data from vehicle-to-vehicle and vehicle-to-
infrastructure utilizing Dedicated Short Range Communications
(DSRC). VII will enable the development of weather-related products
and applications designed to improve safety and increase mobility and
efficiency along the nation's roadways. This report examines current
and future vehicle data elements that have the potential to be used
directly or indirectly to sense weather and road conditions. The
potential contribution of VII-derived atmospheric and road condition
information in the analysis and prediction of weather-related hazards is
also explored. To make effective use of mobile data for weather-related
applications, it is necessary to invest in research to understand issues
associated with current and anticipated data elements; therefore, VII-
related research and development topics are surveyed, as well as the
feasibility of utilizing VII-enabled data to mitigate the impact of road
weather-related hazards.
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Driver's early recognition of potential danger is effective in reducing
the number of traffic accidents. This paper describes an in-vehicle
safety support system that uses various support services to provide
drivers with information concerning upcoming curves, presence of
forward obstacles, and road surface conditions. The paper also
discusses how the system described, the Advanced-assist Highway
System (AHS), uses various types of sensors installed along the road to
detect the road surface condition, presence of obstacles and other useful
information.
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Abstract:  Grooving of pavement surface and tire tread has been accepted as good practice to
enhance road travel safety against wet weather skidding and hydroplaning. Many
guidelines on this practice have been derived from findings of experimental studies
and field experience. However, theoretical studies to provide insights into the
factors and mechanisms involved are lacking. A theoretically derived analytical
simulation model was used to study the relative effectiveness of pavement grooving
and tire grooving in reducing vehicle hydroplaning risk. Three basic grooving
configurations were considered: ungrooved, longitudinally grooved, and
transversely grooved. There are nine different combinations of grooving
configurations. To form a common basis for comparison, constant values of groove
width, groove spacing, and water-film thickness were considered in the
computation of hydroplaning speeds for different groove depths. Transverse
grooves performed better than longitudinal grooves in raising hydroplaning speed
(i.e., reducing hydroplaning risk), and pavement grooving was a more effective
measure than tire tread grooving in reducing hydroplaning risk. Further detailed
examinations of the results were conducted to study the practical implications of
the findings. For longitudinal grooving, which is commonly adopted in highways,
pavement and tire grooving are of equal importance in their contributions toward
reducing hydroplaning risk. In the case of runways where transverse grooving is the
standard practice, pavement grooving is the dominating component in guarding
against hydroplaning.
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Centerline Rumble Strips Help Cars and Bicyclists
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Jefferson County Colorado has foothill canyons with winding mountain
roads that serve vehicular traffic including a significant number of
bicyclists. Two roads had experienced high accident rates related to
vehicles crossing the centerline at high speeds around curves. Jefferson
County chose to apply centerline rumble strips to address the problem.
Bicycle groups loudly objected in fear that the rumble strips would
induce more hazards to bicyclists. They feared the motorists would be
less likely to cross the centerline to pass a bicyclist on the edge of the
traveled lane thereby increasing risk to bicyclists. The county decided
to proceed with the project since the safety problem of speeding
vehicles crossing the centerline was the overriding consideration and
expected that motorists would drive on the grooved pavement before
hitting a bicyclist. A rumble strip groove design developed by the
Colorado Department of Transportation, consisted of shallow grooves
that provide a buzz to vehicles and are easily negotiated by bicyclists.
The bicycle groups were concerned about passing room provided to the
cyclists and conducted their own study. They found the cars actually
gave bicyclists additional clearance compared to passing in similar
conditions with no centerline rumble strips. The vehicle and bicycle
accidents have been reduced. The treatment of centerline rumble strips
is deemed effective to reduce speeds and induce drivers to stay in their
lane around curves while also improving safety for cyclists.
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Hydroplaning is an important aspect of wet-weather highway safety
concerns. Currently the understanding of this phenomenon is primarily
based on past experience or experimental studies. Empirically derived
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rules or measures are widely applied in improving the surface
properties of highway pavements to prevent vehicle hydroplaning.
Typical improvement measures include longitudinal and transverse
pavement grooving, surface texturing techniques, and surface treatment
measures to improve pavement microtexture and macrotexture. Due to
a lack of in-depth understanding of the skid resistance and
hydroplaning mechanisms, researchers could not evaluate the
effectiveness of these measures in hydroplaning prevention. The
authors, from their earlier works, have developed three-dimensional
finite-element models that are capable to simulate hydroplaning of a
sliding locked tire. This paper demonstrates the ability of these
numerical simulation models in evaluating the effectiveness of different
hydroplaning-reducing measures used currently in practice. In
particular, the use of pavement grooving and the provision of better
pavement surface texture depth are studied in this paper. It is found
from the numerical simulations that the use of transverse and
longitudinal pavement grooving and higher surface texture depth can
increase the hydroplaning speed and skid number at incipient
hydroplaning, thereby reducing the risk of hydroplaning.
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One of the benefits associated with the use of a pavement preservation
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program is improved safety characteristics. Improved safety can be
realized in several ways. For instance, an agency with a pavement
preservation program that includes the early application of preventive
maintenance (PM) treatments can generally keep the road network in
better condition for a longer period of time. As a result, the roads are
relatively smooth, which reduces the cost of operating a vehicle and
minimizes crashes associated with defensive driving to avoid potholes
and other surface irregularities in the pavement. However, in addition
to providing a smoother surface, PM treatments can be used to improve
the surface characteristics associated with surface texture (friction) to
reduce the likelihood of wet weather and dry weather crashes. In the
United States and abroad, an increased emphasis is being placed on
safety issues to reduce the number of fatal and serious injuries caused
by crashes and the resulting traffic delays. However, the effect of
microtexture and macrotexture on crash rates has not been quantified.
Past studies have often shown a weak link between increased friction
and reduced crash rates. Recently, there have been major advances in
data collection and analysis capabilities that show promise for
improving the ability of transportation agencies to better quantify the
effectiveness of pavement preservation treatments on reducing crash
rates by improving surface characteristics. For instance, it is now
possible to collect continuous pavement macrotexture information at
highway speeds. It is also possible to measure macrotexture under the
tire during skid trailer friction testing. These technological advances
will greatly enhance the ability of highway agencies to identify sites of
potentially high accident rates and to proactively take preventive
actions as part of a pavement preservation program. This paper focuses
on the safety improvements that can be realized as part of a pavement
preservation program. Specifically, the following areas are discussed in
this paper: (1) the use of network-level evaluations (including features
such as pavement macrotexture and annual friction surveys) as a means
of identifying pavement sections that could benefit from the use of
certain PM treatments to enhance or restore friction values (such a
microsurfacing, grinding and/or grooving, or chip seals); (2) the
development of safety investigatory levels based on microtexture and
macrotexture data for various site categories; and (3) the incorporation
of safety features into a pavement management analysis. The
application of these characteristics are demonstrated using examples
from transportation agencies worldwide. For instance, the Texas
Department of Transportation’s Wet Weather Accident Analysis
Program is an example of the type of study used to illustrate the points
raised. Internationally, work being conducted in the United Kingdom
and New Zealand on continuous friction measurements and the use of
the data to identify pavement sections where poor texture/friction may
be contributing to higher than average crash rates are featured. Other
examples, such as Australia’s recently established goal of achieving
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While the range of the crash types and 1ssues on motorways are
generally limited. every now and then a site presents itself whereby the
extent of the problem. the causes or even the solutions are not straight
forward. The Great North Road city bound on ramp on to Auckland€s
Northwestern Motorway 1s just one such example. Close exammnation
showed that speed along with the ramp geometry. seal choice_ paint
markings, nmoff. the shade and the seal types and limits all had a part
to play. A traditional approach may have seen this site simply classified
as a @ slippery seal€) site resulting in a more frequent reseal
programme. However, new treatment solutions are always presenting
themselves, and the use of high friction surfacing 1s one of the more
recent engineenng solutions to be used mn New Zealand. Hence. the
final choice of treatment was high friction surfacing using Calcined
Bauxite aggregate, safe hit posts and changes to the sealing programme.
{(a) For the covening entry of tlus conference. please see [TRD abstract
no. E212863.
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Many studies on traffic calming look at the effectiveness of different
techniques in reducing speeds on city streets, but there is less
information available about the application of traffic calming to reduce
speeds on high-speed rural roadways. This synthesis examines national
and international research that relates to the application of traffic
calming on high-speed rural roadways. The Federal Highway
Administration(FHWA) defines rumble strips “as raised or grooved
patterns on the roadway shoulder that provide both an audible warning
(rumbling sound) and a physical vibration to alert drivers that they are
leaving the lane.” Cities and counties may use rumble strips as means
of enhancing safety to help warn motorists to slow down in anticipation
of a stop sign or to help warn motorists that they are leaving the
roadway or crossing the centerline.

TRIS
TRS 0701



Media Type: Web
Pagination: 5p
Authors: Gorrill, Darlene
Minnesota Department of Transportation
Features: Photos (1)
Publication Date: 20070800
Serial: Transportation Research Synthesis

Index Terms:

Subject Areas:

Issue Number: TRS 0701
Publisher: Minnesota Department of Transportation
Serial URL: http://www.research.dot.state.mn.us

Antiskid treatment; Audible warning devices; Aural signals; Center
lines; Centerlines; Crossover accidents; Crossovers; Pavement
grooving; Raised road markings; Road shoulders; Road studs; Rumble
strips; Shoulders (Roads); Tining (Pavements); Traffic safety;
Transverse grooving; Verge; Warning devices

Highways; Safety and Human Factors; 185: Safety Devices used in
Transport Infrastructure

"Before and After" and (Surface conditions OR Surface treatment/treating OR
Surface/wearing/binder/friction/blanket course OR tining OR grooving OR chip seals OR whitetopping

OR seal coats)

Title:

Accession
Number:

Record Type:
Language:
Record URL:

Summary
URL:

Abstract:

Evaluation of the SafeLLane™ QOverlay System for Crash Reduction on
Bridge Deck Surfaces

01153466

Monograph
English

http://www.cts.umn.edu/Publications/ResearchReports/pdfdownload.pl?id=1324

http://www.cts.umn.edu/Publications/ResearchReports/reportdetail.html?1d=1894

The winter performance of the SafeLane™ commercial overlay system has been
evaluated at four installations on bridge decks in the state of Minnesota. The
study was conducted over a period of a total of three years. Analyses included
mechanical and chemical testing of the components, chloride analysis as a
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function of depth, friction by skid test and visual inspection. At one site plow
operator’s comments were gathered to access retention of deicing chemicals from
event to event. All sites were included in a comparison of accident frequency
before and after overlay installation.
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Transportation Research Board Annual Meeting 2010 Paper #10-2876

This study focused on safety performance of new pavement surface
types. Open graded or coarse-textured roadway surfaces are advisable
for high-speed, wet-weather traffic conditions. They provide drainage
relief at the tire-pavement interface, reduce the steepness of the speed
gradient, decrease the likelihood of hydroplaning, minimize splash and
spray, reduce the glare from wet pavements, and improve high-speed
skid resistance. Before-and-after comparisons using historical collision
data from California Traffic Accident Surveillance and Analysis
System (TASAS) were conducted to assess the safety performance of
three types of experimental pavement: open-graded asphalt concrete
(OGACQ), groove pavement (GP), and rubberized open-graded asphalt
concrete (R-OGAC) projects implemented in recent years. Because
these new types of pavement surfaces are expected to improve
drainage, wet pavement related collisions were considered target
collisions and analyzed in the before-and-after study. Our findings
indicate that resurfacing with OGAC significantly decreased the
number of wet-related collisions. However, no significant conclusions
were drawn from the results of resurfacing with GP and R-OGAC, due
to the lack of sufficient data. While further research is needed, findings
from this current study suggest that new pavement types such as OGAC
can improve the safety performance of roadways.
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In the UK, TRL Limited has carried out an ongoing programme of
research into the effects of early life skidding resistance on road
surfacing materials introduced since the mid 1990s. Ways of measuring
friction and skidding resistance are described briefly. The first phase of
the research programme began in 2001 and concentrated on assessing
the physical effects associated with dry friction and wet skidding
resistance on new asphalt surfaces. The second stage followed on to
review the accident statistics to establish what objective evidence there
might be for increased risk. The main component of this phase was an
analysis of accidents before and after resurfacing on the Highways
Agency network. On the new surfaces, skidding resistance decreased as
speed increased, with the greatest loss of friction tending to occur
between 20 and 50 km/h. It is considered that the thicker bitumen film
masks the microtexture on the new surfacings, leading to relatively
lower skidding resistance at higher speeds. However this does not
necessarily imply a significantly increased risk of skidding. The low-
speed wet skidding resistance from six months onwards decreased but
was still high in comparison with what is commonly expected on the
UK road network. As the new surfaces aged, the friction on the lightly-
trafficked sites tended to fall close to the lower limit expected for older
roads. Tests of the effects of speed on dry friction of new surfacing
showed that this decreased with increasing speeds up to about 50 km/h
after which it remained essentially constant. Dry friction in early life of
the road is generally lower than would be expected from a normal
trafficked dry road. Dry friction at intermediate speeds increased with
time after resurfacing, and this increase occurred sooner at higher
traffic levels. Overall there was little change in the number of accidents
between the year before and the year after resurfacing, demonstrating
that there was little change in the overall accident risk for the lengths of
road network included in this analysis.
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The Florida Department of Transportation (FDOT) District 4 Traffic
Operations office in consultation with the Federal Highway
Administration (FHWA) has installed the Tyregrip high friction
surfacing system to help reduce the potential for run-off-road crashes
along the on-ramp to northbound I-75 from eastbound Royal Palm
Boulevard located in the City of Weston, Broward County, Florida. The
Tyregrip system was installed on a 300-foot section of the ramp, just
upstream of the gore area between 1-75 and the ramp, where the
majority of the crashes occurred. This particular ramp was chosen as a
candidate for this field test based on its crash history with 12 run-off-
road crashes in the three-year period from 2002 to 2004. Eighty-three
percent of these crashes occurred under wet road surface conditions.
The effectiveness of the Tyregrip surface was evaluated from a
materials perspective and from a safety perspective by using various
types of data as discussed below. Crash data were obtained from the
Florida Department of Transportation Crash Analysis Reporting System
(CARS). Over the four-year period prior to the installation of the
Tyregrip, the treated section experienced an average of 2.54 crashes per
year. In the 12 month period immediately following the installation of
Tyregrip surface, the section experienced two crashes. Since the
Tyregrip was installed in May 2006, sufficient crash data was not
available to determine a statistically significant difference in crash
frequency or rate. Due to the crash data limitations, surrogate measures
of safety were evaluated to obtain a better understanding of the effects
of the Tyregrip treatment as discussed below. Skid tests were
performed by the FDOT Materials Testing office for the study section
of the ramp before and after the treatment on April 11, 2006 and May
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23, 2006, respectively. The results of these tests indicate that the
friction number was much higher after application of the Tyregrip
treatment, as expected. Speed studies were performed within the treated
section before and after the installation of the Tyregrip at different
times of the day. The results of these studies indicate that the mean
speeds were decreased by an average of 3.72 miles per hour under dry
pavement conditions. Under wet conditions, the mean speeds also
decreased, by an average of 2.62 miles per hour after the application of
the Tyregrip treatment. The proportion of vehicles encroaching either
the outer or inner shoulders was examined prior to and after the
application of the Tyregrip using the Z-test. The results indicate that the
proportion of drivers encroaching the shoulder decreased significantly
after the installation of the Tyregrip under wet pavement conditions
while no significant difference was found under dry conditions.
Overall, the Tyregrip treatment was effective in increasing the friction
between the roadway and vehicle tires. The treatment was found to
assist motorists in maintaining their lane position under wet pavement
conditions. In addition, drivers tended to slow down when traveling
over the treated section of the ramp. It appears that the use of Tyregrip
may be a practical countermeasure for improving safety at locations
that are prone to run-off-road crashes, particularly sharp curves and
entry/exit ramps.
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Les accidents de la circulation sur chaussee mouillee demeurent une
problematique de securite importante. Les principaux enjeux associes
aux caracteristiques d'adherence des chaussees sont d'abord rappeles.
L'influence de ces caracteristiques sur le risque d'accidents a ete mise
en evidence a plusieurs reprises ; les principaux resultats sont
mentionnes ainsi que les difficultes pratiques et methodologiques
auxquelles se heurtent les etudes statistiques. Malgre I'importance des
problemes de securite lies a 1'adherence, les methodes actuelles
d'analyse de l'insecurite d'une voie prealablement a une intervention ne
sont pas tres explicites sur la facon de les apprehender. Des reperes
methodologiques sont donc proposes pour prendre en compte
I'adherence sur l'infrastructure dans les differentes phases de l'analyse :
approfondissement des enjeux et diagnostic. Ces elements sont illustres
par un extrait d'une etude de securite sur une voie urbaine rapide. (A).
(Titre en anglais : Accidents du to loss of skid resistance : The skid
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New York State Department of Transportation's (NYSDOT's) Skid
Accident Reduction Program (SKARP) identifies sections of pavement
experiencing unusually high proportions of wet road accidents, friction
tests them, and treats those sections which are experiencing both high
wet road crashes and low friction numbers. The treatment generally
involves a 1 and 1/2" resurfacing, or a 1/2" microsurfacing, using non-
carbonate aggregates (costing $20,000 per lane mile). Forty (40)
locations treated under the Program have been evaluated. Based on the
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size and consistency of the differences in crash experience and friction
numbers during each year before and following resurfacing at identified
high wet road crash sites, it is concluded that the Program selection and
treatment strategies are appropriate and effective. Percentages of wet
road crashes (compared with total crashes) have remained consistently
high during years before treatment, and consistently low following
treatment. Particularly noteworthy, is that the percentages remained
high during the before period even during years when the identified
high wet road crash sites did not appear on the annual high wet road
crash listing (suggesting a minimal effect of regression to the mean at
identified high crash sites experiencing low friction numbers). "Before
and After" accident analyses have shown that each year more than 740
annually recurring accidents are being reduced as a consequence of
treatments undertaken at 40 sites between 1995 and 1997 on Long
Island alone. Five hundred and forty (540) of those crashes were wet
road crashes. Some simple empirically based tests for regression to the
mean were undertaken (in addition to the above). A one year
before/after study was performed for 20 of the test locations which did
not appear on the wet road crash listing during the one year before
period. Results from that evaluation, the general consistency of
percentages of wet road crashes in the before period, and previous
empirically based findings regarding the effect of regression to the
mean at untreated high accident sites, suggest crash modification
factors for the SKARP program as follows: total crashes should be
expected to decline by 20%, wet road crashes should be expected to
decline by 60%, and severe (Fatal and injury) wet road crashes should
be expected to decline by 70%. All but one of the 40 sites treated in this
study involve intersections. Improving pavement friction at
intersections experiencing high wet road crashes and low friction
numbers, presents a relatively low cost improvement which should be
expected to produce large crash reductions - particularly as regards
severe (fatal and injury) crashes.
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Various North American transportation agencies have implemented
several preventive maintenance techniques to improve pavement
performance and safety. The York Region, located northeast of
Toronto, Ontario, Canada, has been resurfacing and remedying
pavements with microsurfacing treatments to improve the pavement
surface conditions, but without a good understanding of how the
treatment affects road safety. With data made accessible by the region,
a before-and-after study was done, with the goal of gaining an
understanding of how microsurfacing and resurfacing treatments affect
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road safety. The study concludes that microsurfacing and resurfacing
can have a positive safety effect, with crash reduction factors as high as
54%. However, those activities are sensitive to the influence of
treatment year data (which may be an anomaly period) and average
annual daily traffic per lane. Generally, the findings illustrate that
microsurfacing has a positive safety effect on locations susceptible to a
number of conditions: regular occurrence of wet or slick (not dry) road
surface conditions, a trend toward severe crashes, frequent intersection-
related crashes, and a high occurrence of rear-end crashes. Findings of
this study have opened the door to additional research; integration of
safety under the pavement umbrella seems so logical and yet has barely
been explored. For now, the crash reduction factors derived from the
study can be applied by the region of York and by other jurisdictions to
make more sound decisions at the network level when selecting
pavement maintenance treatments.
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Concrete pavements built in Minnesota are currently textured by
dragging an inverted Turf or broom in the longitudinal direction. This
process imparts a macro texture required to be greater than a mean
texture depth of 1mm measured by the ASTM Sand Volumetric test
(ASTM E 965-95). At present, this texture guideline is communicated
through a special provision in pavement construction. Newly textured
pavements are usually evaluated for adequacy in providing a safe riding
surface through texture measurements for acceptance and friction
measurements as required. The current FHWA Technical Advisory on
Texture requires that performance of non-conventional textures be
monitored and reported. This report identifies pavement sites in the
network where the original texture, mainly the transverse tining plus
Burlap, was either overlaid or rebuilt and the new surface finished with
longitudinal inverted turf drag, or broom drag. It extracts wet weather
accident data from the Mn/DOT Office of Traffic, Safety and
Operations (OTSO) database and analyzes the annual wet weather
accident and crash rates, preconstruction, during construction and after
construction. It performs a descriptive statistics of the period before and
the period of the new texturing to determine if, wet weather accident
counts, percentage of wet weather accidents in total count and crash
rates and/or ratio of annual wet to dry accident counts, and crashes
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clearly increased with current texturing practices. Data were analyzed
with statistical tools for data comparison including the descriptive
statistics, U-test and “before and after* comparison (Z-test). The
analyses of the data for the sections show that current texturing
practices did not cause an increase in the annual wet weather accidents,
crash rates, or ratio of wet to dry weather accidents.
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This paper introduces a discussion for: 1. identifying what makes a high
friction surface treatment; 2. comparing natural quarried aggregates and
calcined bauxite in terms of surface friction and polished stone values;
3. the type and durability of coloured surface treatments, and; 4. safety
outcomes from the use of both materials in terms of friction and colour.
Examples are described where: 1. the material has performed well
above its specified requirements; 2. the use of inappropriate materials
that have reduced the life of the treatment are discussed, in terms of
failure mode describing the material properties and the reasons that led
to the failure; 3. the benefits gained from using high friction and
coloured surface treatments. The report concludes that when a properly
designed and applied high friction or coloured surface treatment is used
on a suitable road surface where there is a high incidence of congestion
and crashes that an immediate reduction in crashes should be expected
with a corresponding reduction in travel time. (a) For the covering entry
of this conference, please see ITRD abstract no. xxxxxx.
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Two separate studies on traffic safety and ride comfort, respectively,
are presented in this paper. Regression analyses have mainly been used
for this study. In brief, the results from the regression analyses indicate
that ruts have little effect on traffic safety, under certain circumstances
there is even a tendency for improved traffic safety. The results,
however, clearly show that the accident rate increases with increasing
unevenness (IRI). The primary aim of the ride comfort study was to
investigate, in a field study, the relationship between the unevenness of
the road surface and the perceived ride comfort of motorists, as well as
their willingness to pay for improved driving comfort. The test subjects
were asked which factors are significant for driving comfort. It was
found that the road surface condition was considered to be of greatest
importance for the ride comfort, followed by the car, the behaviour of
other road users and good visibility. (a) For the covering entry of this
conference, please see ITRD abstract no. E212095.
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Setting a procedure to assess the efficiency in provision of the funds
and operational expenses in road safety projects requires to establish a
process involving the economic appraisal and optimization tasks. In the
optimization process developed in the paper, five types of geometric
features may be considered in the analysis including: (1) lane width and
pavement condition, (2) horizontal curves, (3) vertical curves, (4)
roadside condition, and (5) narrow bridges. The model enables the
users to evaluate a variety of improvement alternatives for each
predetermined geometric feature along the route under study, following
which all possible mutually exclusive proposals are achieved for each
site. Both calculating the executive costs and estimating the monetary
benefits according to the reduction of road accidents for each proposal
are the main components in estimating the net benefit attributable to
each mutually exclusive proposal. Afterwards, an optimization process
using linear integer programming is fed by the outpts of the cost-benefit
analysis to find out the highest net benefit (as an efficiency criteria)
among all provided proposals for all sites under study.
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This paper introduces a process for: calculating the change in braking
distance from the use of properly designed, specified and applied high
friction surface treatments; comparisons are made between naturally
occurring aggregates and the calcined bauxite used in the high friction
surface treatments in terms of surface friction and polished stone
values. Examples are described where: the material has performed well
above its internationally stated capabilities. The report concludes that
when a properly designed, specified and applied high friction surface
treatment is used on a suitable road surface with a high incidence of
traffic accidents that an immediate reduction in traffic accidents should
be expected. (a) For the covering entry of this conference, please see
ITRD abstract no. E211985.

ITRD
12P

PARFITT, C
Prismo

Find a library where document is available
Order URL: http://worldcat.org/isbn/0730724921PRINT

0730724921 [PRINT]
20040000

ROAD SAFETY RESEARCH, POLICING AND EDUCATION
CONFERENCE, 2004, PERTH, WESTERN AUSTRALIA,
AUSTRALIA

Volume: 2

Publisher: ROAD SAFETY COUNCIL OF WESTERN AUSTRALIA

Accident; Accident prevention; Brake efficiency; Braking distance;


http://worldcat.org/isbn/0730724921PRINT

Braking performance; Building materials; Conference; Conferences;
Congresses; Construction materials; Engineering properties; Friction;
Friction; Highway accidents; Material (constr); Pavement; Pavements;
Prevention; Properties; Properties of materials; Public safety; Safety;
Safety measures; Surface properties; Surface texture; Surface texture;
Symposia; Texture; Traffic accidents; Vehicle; Vehicle stopping time;
Vehicles

Subject Areas: Highways; Materials; Pavements; Safety and Human Factors; Security
and Emergencies; Vehicles and Equipment; 123: Properties of Road
Surfaces; 182: Accidents and Transport Infrastructure

Title: Innovative surfacing treatments delivering safer roads

Accession Number:
Record Type:
Language:

Record URL:

Source Agency:

Abstract:

Supplemental Notes:

01344021

Component

English

http://www.saferroads.org.uk/201 1papers.asp

ARRB Group Limited

500 Burwood Highway
Vermont South, Victoria 3133

A number of cost-effective, innovative surfacing treatments have been
developed in New Zealand for low volume roads. This paper describes
a sample of these innovative surfacing treatments from throughout New
Zealand. Significant changes to asset management models and practices
during the past 15 years include increased reliance on network surveys
of skid resistance and texture depth to identify sites that require
treatment. Industry has made substantial investment in new
developments and innovation, in order to extend the road maintenance
budget; the innovative treatments described in detail in the paper
include: modern computer-controlled sprayers have been developed to
apply bitumen at rates that vary transversely across the lane width and
are being used when chip seal surfaces have insufficient macrotexture
in the wheeltracks as well as a preventative measure for binder rise in
the future; ultra high-pressure watercutting is being used to improve
both macrotexture and microtexture of surfacings on low volume roads;
thin and ultra-thin textured gap-graded hot mixes are being used in,
high stress high trafficked areas. The performance to date of these
treatments and strategies is discussed in the paper.
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Abstract: Open-graded friction courses (OGFC), or porous friction courses (PFC)

as defined by the Texas Department of Transportation (TxDOT), are a
special gap-graded asphalt mixture characterized by a large
interconnected air void content. In general, the voids content is at a
minimum of 18%. Similar mixtures [porous asphalt (PA)] with voids
contents as high as 25% are successfully applied in Europe. These
interconnected voids make these mixtures highly permeable with the
capacity to reduce tire-pavement noise. These characteristics are
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associated with the following advantages that can be obtained from the
use of PFC as a surface layer: safety improvements, economic benefits,
and environmental benefits. On the other hand, the following aspects
are identified as disadvantages of PFC: reduced performance, high
construction costs, winter maintenance issues, and limited structural
contribution. Substantial efforts have been undertaken to correct
previous failures in OGFC, and significant advances have been made
since the 1990s with respect to mixture performance and service life.
This report summarizes the current state of the practice related to
mixture design methods (proposed by different U.S. and international
agencies and institutions), construction, maintenance, and performance
of surface courses using OGFC and PA identified from a worldwide
literature review. In addition, the report presents a synthesis of the
relevant aspects related to the current practice and application of PFC in
Texas based on the interviews conducted with selected TxDOT
districts. The report represents the baseline for a research project aimed
to improve the PFC mixture design method using advanced research
tools and develop guidelines for construction and maintenance of PFC.
In this project, special efforts will be directed to address functionality in
terms of permeability and noise reduction, and durability in terms of
moisture damage and aging potential.
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Over the past several years, the Texas Department of Transportation
(TxDOT) adopted the use of porous or permeable friction course (PFC)
mixtures as a thin asphalt pavement surface layer to provide safety and
environmental benefits. This type of mixture is defined in TxDOT
Specification Item 342 as a surface course of a compacted permeable
mixture of aggregate, asphalt binder, and additives mixed hot in a
mixing plant. Recent research addressed important design, construction,
and maintenance issues associated with PFC, which has been
increasingly employed by TxDOT. In order to complete the evaluation
of this relatively new hot mix asphalt concrete mixture type as a
possible solution for improving pavement safety and reduction of
pavement noise, performance will be tracked over time in this research
project to assess benefits, cost, and changes in benefits. The main
objective of this research project is to develop a database of PFC
performance in terms of functionality (noise reduction effectiveness
and permeability), durability (resistance to raveling and possibly rutting
and cracking), and safety (skid resistance and accident history), in order
to produce guidelines for design, construction, and maintenance of PFC
mixtures. This report includes a comprehensive and focused review of
research conducted since 2004 related to the mix design, performance
(i.e., functionality, durability, and safety), construction, and
maintenance of surface courses using PFC.

Project Title: Performance of Permeable Friction Courses (PFC)
Pavements Over Time. Report Date: October 2009; Published:
February 2010.
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Many European countries are using porous asphalt in order to reduce
traffic noise and increase road capacity. A European research project
SILVIA conducted a systematic review of studies that have evaluated
the effects of porous asphalt on road safety. This paper presents the
results of that review, in which the following questions were asked:
What are the effects on road safety of porous road surfaces? Do the
effects on road safety of porous road surfaces vary according to
accident severity and road surface condition? Do the effects on road
safety of porous road surfaces vary across countries? How long do the
effects on road safety of porous road surfaces last? To answer the above
questions, this study evaluated the effects of porous asphalt on accident
occurrence and on risk factors associated with accident occurrence.

TRIS
p. 515-522

Elvik, R
Greibe, P

Figures (1) ; References; Tables (4)


http://www.sciencedirect.com/science/a
http://www.sciencedirect.com/science/a

Corporate Authors:

Availability:

Publication Date:

Serial:

Index Terms:

Subject Areas:

Elsevier

The Boulevard, Langford Lane
Kidlington, Oxford OX5 1GB United Kingdom

Elsevier

Customer Service Department, 6277 Sea Harbor Drive
Orlando, FL 32887-4800 USA

Find a library where document is available
Order URL: http://worldcat.org/issn/00014575

20050500

Accident Analysis & Prevention

Volume: 37

Issue Number: 3

Publisher: Elsevier

ISSN: 0001-4575

Serial URL: http://www.sciencedirect.com/science/journal/00014575

Asphalt; European Union countries; Evaluation and assessment;
Highway safety; Pavement performance; Porous concrete; Risk
assessment; Road safety; Vulnerability assessment

Highways; Pavements; Safety and Human Factors




TRID search 2/27/2012
(""traffic safety" or "roadway safety" or ""highway safety') AND index term
"performance' and "measurement" with date between 2000 and 2012

Title:

Accession Number:
Record Type:
Language:

Abstract:

TRIS Files:
Media Type:
Pagination:

Authors:

Features:
Monograph Title:

Monograph Accession
Number:

Development of Outcomes Based National Road and Rail Safety
Performance Measures

01357513
Component
English

This paper will discuss how transport delivers many benefits to the
community, business, the environment and government. Transport
agencies tend to monitor and report on activities and outputs rather than
the real outcomes that are rarely measured. Management theory and
practice has been developed performance measures in order to improve
organizational efficiency and effectiveness which can be applied to
transport. This paper reports the foundations for transport performance
measurement and safety measures that were prepared for the Australian
National Transport Commission (NTC), which sought to develop
outcomes based performance measures. The basis is an understanding
of the current and developing theory and practice in performance
measurement and a description of the context. A framework for
performance measures, including criteria for selection, and content
requirements provides the outline for the safety measures. The paper
concludes with a description of the road and rail performance measures
that have been developed. An overview of the development of
outcomes based performance measurement for road and rail safety
provided in this paper summarizes the information used to develop
practical measures for transport that can be used for policy and
operations management.
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Quality traffic safety records are critical to the planning, management,
and evaluation of any successful State traffic safety program. This need
has become even more pronounced in light of grant requirements in the
Safe, Accountable, Flexible, Efficient Transportation Equity Act: A
Legacy for Users (Public Law 109-59; SAFETEA-LU) and rising
Congressional expectations for data-driven performance management
with outcome-oriented measures. The National Highway Traffic Safety
Administration is releasing this new collection of 61 performance
measures to help States meet this need. These performance measures
were crafted with substantial input from a group of 35 experts with
experience in at least one of the six core State traffic records systems.
The measures are designed to provide traffic records professionals with
the information necessary to develop and deploy quantifiable
performance measures appropriate for their traffic record systems. The
measures are intended for use by Federal, State, and local governments
to monitor the development and implementation of traffic record data
systems, strategic plans, and data-improvement grant processes. They
have been grouped by performance attribute—timeliness, accuracy,
completeness, uniformity, integration, and accessibility—across the six
core State traffic record data systems -- crash, vehicle, driver, roadway,
citation/adjudication, and emergency medical services (EMS)/injury
surveillance. These common performance measures and the attendant
guidance on their application are expected to help stakeholders quantify
systemic improvements to their traffic records systems.
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Traffic crashes kill or injure millions of people each year. High-quality
traffic safety data is vital to allocate resources and target programs as
the Department of Transportation’s (DOT) National Highway Traffic
Safety Administration (NHTSA) and states work to improve traffic
safety through data-driven approaches. To qualify for federal funding,
states must submit plans which include fatality and crash data analyses
to identify areas for improvement. This requested report provides
information on (1) the extent to which state traffic safety data systems
meet NHTSA performance measures for assessing the quality of data
systems, and (2) progress states have made in improving traffic safety
data systems, and related challenges. The U.S. Government
Accountability Office's (GAQO’s) analysis of traffic records
assessments—conducted for states by NHTSA technical teams or
contractors at least every 5 years—indicates that the quality of state
traffic safety data systems varies across the six data systems maintained
by states. Assessments include an evaluation of system quality based on
six performance measures. Across all states, GAO found that vehicle
and driver data systems met performance measures 71 percent and 60
percent of the time, respectively, while roadway, crash, citation and
adjudication, and injury surveillance data systems met performance
measures less than 50 percent of the time. Also, data system quality
varies by performance measure. For example, across all data systems,
states met the performance measure for consistency 72 percent of the
time, but states met the integration performance measure 13 percent of
the time. According to NHTSA, assessments should be in-depth
reviews of state traffic safety data systems; however, in some cases,
incomplete or inconsistent information limits assessment usefulness. Of
the 51 assessments GAO reviewed, 49 had insufficient information to
fully determine the quality of at least one data system. Furthermore, an
updated assessment format has resulted in more frequent instances of
insufficient information. Despite varying state traffic safety data system
performance, data collected by NHTSA show that states are making



TRIS Files:
Report Numbers:
Media Type:
Pagination:

Features:

Corporate Authors:

Availability:

Publication Date:

Index Terms:

some progress toward improving system quality. All states GAO visited
have implemented projects to improve data systems, such as switching
to electronic data reporting and adopting forms consistent with national
guidelines. However, states face resource and coordination challenges
in improving traffic safety data systems. For example, custodians of
data systems are often located in different state agencies, which may
make coordination difficult. In addition, rural and urban areas may face
different challenges in improving data systems, such as limited
technology options for rural areas or timely processing of large
volumes of data in urban areas. States GAO visited have used strategies
to overcome these challenges, including establishing an executive-level
traffic records coordinating committee, in addition to the technical-level
committee that states are required to establish to qualify for traffic
safety grant funding. An executive-level committee could help states
address challenges by targeting limited resources and facilitating data
sharing. GAO recommends that NHTSA take steps to ensure state
traffic records assessments are complete and consistent to provide an
in-depth evaluation of all state traffic safety data systems across all
performance measures. NHTSA should also study and communicate to
Congress on the value of requiring an executive-level traffic records
coordinating committee for states to qualify for traffic safety grant
funding.
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Previous work by the National Cooperative Highway Research
Program (NCHRP) has demonstrated the value of comparative
performance measurement in three areas to date: Project Delivery,
Smooth Pavements, and Safety. Each of these projects has involved
compilation of detailed performance data for multiple DOTs,
calculation of performance measures for each agency, composition of
peer groups for comparative analysis, identification of the top tier of
agencies with respect to the selected measures, and interviews to
determine practices that may be related to exemplary performance. The
first comparison of on-time, on-budget capital project delivery
performance project successfully demonstrated how the comparative
process developed by NCHRP 20-24(37) is gathering user support as
well as delivering timely feedback on best practices that have achieved
successful results. The next comparative initiative, which was
completed in April 2008, successfully demonstrated that states can
benefit from comparative measures. This comparative study highlighted
five states that have "smooth pavements" and what practical
management methods and technical applications they are using to
obtain smooth pavements. The third comparative measures effort is just
completing on safety performance using the Fatalities Accident
Reporting System data. This effort focused on ten state interviews to
identify best practices in governance, budgeting, and technical methods
that resulted in the reduction of fatalities. This work has been well
received by the transportation community and has resulted in the
collection of a wealth of data and information to be shared among
agencies. These successful endeavors created momentum for further
interest in comparative performance measurement. This momentum can
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be continued to address another key concern of transportation officials:
improving operational performance in the management of the nation's
highways. DOT experience with increased volumes on our roads over
the past two decades indicates that one of the most viable methods of
improving mobility is to provide better real-time incident management -
the faster an accident or breakdown is cleared, the sooner traffic
resumes to normal flow. We intend to use incident response times to
identify successful practices in operations activities of a state DOT.
This performance indicator can highlight best practices in specific
incident response techniques as well as organizational structures,
relationships with partner organizations, and budgeting practices.
Effective incident response programs can make a significant
improvement in the reliability of travel time, which is known to be of
great importance to travelers. The operations performance comparative
effort would use available state DOT data on incident response
performance and provide a time series/cross-sectional analysis of
incident response performance, which could be measured based on
average, median or maximum incident response time, total incident
duration or incident clearance time. Through cross-state comparison
(factoring for urban and rural differences) and examination of changes
in performance over time, the study would identify practices that can be
instrumental in reducing incident durations, with associated benefits to
travelers. The objective of this project will be to conduct a comparison
of state departments of transportation (DOTs) regarding operations-
related performance measures and report on successful techniques
employed by the leading agencies. As with earlier work conducted
under NCHRP 20-24(37), this comparison will include identification of
high-performing organizations with respect to a selected set of key
performance indicators and determination of the practices that these
organizations have employed to achieve these results. The goal of the
study is to enhance the performance of participating peer state DOTs by
identifying and sharing good practices. As in the previous comparison
studies, the purpose is not to rank the participants, but to highlight top
performing strategies. Anonymity is maintained for states providing the
comparison data with the exception of the top performing states that are
highlighted in the reporting of successful practices.
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The goal of this research project was to develop a method to measure
the performance of a winter maintenance program with respect to the
task of providing safety and mobility to the travelling public.
Developing these measures required a number of steps, each of which
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was accomplished. First, the impact of winter weather on safety (crash
rates) and mobility (average vehicle speeds) was measured by a
combination of literature reviews and analysis of lowa Department of
Transportation traffic and Road Weather Information System data.
Second, because not all winter storms are the same in their effects on
safety and mobility, a method had to be developed to determine how
much the various factors that describe a winter storm actually change
safety and mobility. As part of this effort a storm severity index was
developed, which ranks each winter storm on a scale between 0 (a very
benign storm) and 1 (the worst imaginable storm). Additionally a
number of methods of modeling the relationships between weather,
winter maintenance actions and road surface conditions were developed
and tested. The end result of this study was a performance measure
based on average vehicle speed. For a given class of road, a maximum
expected average speed reduction has been identified. For a given
storm, this maximum expected average speed reduction is modified by
the storm severity index to give a target average speed reduction. Thus,
if for a given road the maximum expected average speed reduction is
20 mph, and the storm severity for a particular storm is 0.6, then the
target average speed reduction for that road in that storm is 0.6 x 20
mph or 12 mph. If the average speed on that road during and after the
storm is only 12 mph or less than the average speed on that road in
good weather conditions, then the winter maintenance performance
goal has been met.
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Road safety performance indicators (SPI) have recently been proposed
as a useful instrument in comparing countries on the performance of
different risk aspects of their road safety system. In this respect, SPIs
should be actionable, i.e. they should provide clear directions for
policymakers about what action is needed and which priorities should
be set in order to improve a country's road safety level in the most
efficient way. This paper aims at contributing to this issue by proposing
a computational model based on data envelopment analysis (DEA).
Based on the model output, the good and bad aspects of road safety are
identified for each country. Moreover, targets and priorities for policy
actions can be set. As our data set contains 21 European countries for
which a separate, best possible model is constructed, a number of
country-specific policy actions can be recommended. Conclusions are
drawn regarding the following performance indicators: alcohol and
drugs, speed, protective systems, vehicle, infrastructure and trauma
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management. For each country that performs relatively poor, a
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This report presents results of the third in a series of comparative
performance measurement efforts sponsored by the AASHTO Standing
Committee on Quality, Performance Measurement and Benchmarking
Subcommittee. The purpose of these efforts is to identify states that
have achieved exemplary performance, find out what practices have
contributed to their success, and document these practices for the
benefit of other states. This effort focuses on safety.
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One of the most contributing factors to fatal motor vehicles crashes is
the inadequate and poorly maintained pavement marking. The cost of
these crashes is estimated to range between 10-25 billion Canadian
dollars annually. Consequently, the different companies/authorities that
manage pavement marking should set a target for themselves to be
more cost efficient through building a strategic plan to renew and
restripe pavement marking. The objective of this paper is to develop a
methodology and model(s) that predict the performance of the
pavement marking at different average annual daily traffic, percentage
of trucks, age, and type of road. Due to the typical scarcity of data,
particularly for performance of pavement marking, there is an essential
need to predict this performance. In order to achieve this objective, a
sound technique, such as unsupervised neural network, is used.
Therefore, the developed models are designed using unsupervised
neural network in conjunction with regression analysis. Data for this
research were collected from the city of Ottawa, Ontario, Canada for
the Alkyd paint material. The developed model is validated and the
results show that the percentage average validity is 73%. Similarly, the
fitness function value is found to be 789; which means the developed
model is a sound fit. Marking performance is assessed using a
performance scale, which numerically ranges from “1” to “5” and
linguistically from “Excellent” to “Critical”, respectively.
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performance measures for traffic safety. Using a single crash rate inevitably neglects other
aspects of traffic safety. This study proposed a traffic safety index combining three
dimensions of traffic safety (fatality, injury, and crash) from two perspectives (person and
road) and applied the index to project a comprehensive traffic safety picture of South
Korea. The proposed index employed the approach used for the human development index
of the United Nations, and its confidence interval was estimated on the basis of moving
variance. The proposed index and its confidence interval were shown to be useful in
evaluating overall safety performance of the entire nation over time. The index can be tied
to a macrolevel safety plan or policy in setting a goal, and it is not limited to South Korea
but is applicable to any nation or large area as long as valid historical safety data have been
maintained.
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departments of transportation (DOTs) to improve performance of their
own systems and organizations. Work to date has demonstrated that
widely acceptable performance measures can be developed and
provides a foundation for further collaborative development of
comparative performance measures by the American Association of
State Highway and Transportation Officials (AASHTO) and its
member agencies. Initial work under NCHRP 20-24(37) entailed a
comparison of on-time, on-budget capital project delivery performance
that expanded from an original pilot to include twenty state participants.
This work demonstrated a successful approach to attracting user
support as well as delivering timely feedback on best practices that
have achieved successful results. A second comparative initiative,
completed in April 2008, highlighted five states that have "smooth
pavements" and what practical management tools they are using to
deliver smoothness. Building on the success of these first two
initiatives, this project will address another key concern of
transportation officials: safety. Apart from certain crash fatality
statistics, variability in the characteristics of data reporting complicates
performance comparisons among states. The purpose of such
comparisons, in this project and in general, is not to rank states'
performance, but rather to highlight top-performing management
strategies and to give DOT managers benchmarks for judging their own
performance. Anonymity is maintained for states providing the
comparison data with the exception of the top performing states that are
highlighted in the reporting of successful practices. National Highway
Traffic Safety Administration (NHTSA) data may be used to conduct
time series and cross-sectional analysis of fatality and serious injury
rates. After normalizing for urban and rural travel differences and
capturing the demographic differences (such as age and ethnicity), the
researchers may then be able to identify (using statistical methods)
causal factors underlying lower rates observed in some states, for
example, laws, adjudication, roadway condition, and emergency
medical services. The objective of this project is to use the techniques
developed in NCHRP Projects 20-24(37)A and 20-24(37)B) to develop
comparative statistics on highway safety, factors likely influencing
safety experience of states, and strategies used by states with best safety
experience. Accomplishing the project's objective will entail the
following tasks: (1) Conduct one or two teleconference meetings with
volunteer states to define data to be provided by these states for the
project. (2) Conduct one conference call to confirm that each volunteer
state can produce the required data defined in the first task; each state
will collect and submit the agreed upon data to the consultant for
compilation and analysis. (3) Prepare a compilation of data provided by
participating states, compute comparative and summary performance
statistics, and provide a compilation report to each of the volunteer
states. Anonymity of participating states shall be maintained and each
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state shall have the option to withdraw from the study at any time. (4)
Identify states that are lead performers. Secure approval from these lead
performers to disclose their identities for the purpose of determining
Best Practices that contribute to superior performance results. (5)
Prepare a summary report and PowerPoint presentation of the
comparative performance measure data and analyses to illustrate
examples of what could be expected from the project. (6) Conduct
detailed Best Practice Analysis of the top performing states. To identify
likely factors contributing to good safety performance. Survey all
participants to solicit recommendations for improvements to data and
research procedures for future multi-state comparisons. (7) Prepare a
final report documenting the project.
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The National Highway Traffic Safety Administration (NHTSA) and the
Governors Highway Safety Association (GHSA) have agreed on a minimum set
of performance measures to be used by States and federal agencies in the
development and implementation of behavioral highway safety plans and
programs. An expert panel from NHTSA, State Highway Safety Offices,
academic and research organizations, and other key groups assisted in developing
the measures. The initial minimum set contains 14 measures: ten core outcome
measures, one core behavior measure, and three activity measures. The measures
cover the major areas common to State highway safety plans and use existing data
systems. States will set goals for and report progress on each of the 11 core
outcome and behavior measures annually beginning with their 2010 Highway
Safety Plans and Annual Reports. States will report the activity measures annually
beginning with their 2010 Highway Safety Plans and Annual Reports. States
should define and use additional performance measures for their other high-
priority highway safety areas as appropriate. NHTSA will use the core measures
as an integral part of its reporting to the Congress, the public, and others.
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Two primary risk behaviors related to fatal traffic crashes are failure to
use safety belts and driving while impaired by alcohol. High-visibility
enforcement (HVE) campaigns that combine enforcement of a traffic
safety law with media to inform the public about the campaign are
effective in reducing these behaviors. In 2005, the Safe, Accountable,
Flexible, Efficient Transportation Equity Act: A Legacy for Users
authorized funding of an HVE program, including safety belt and
impaired-driving campaigns. The National Highway Traffic Safety
Administration (NHTSA) within the Department of Transportation
(DOT) provides media and coordinates with states to provide
enforcement activities for the campaigns. This report addresses (1) the
extent to which NHTSA has implemented the HVE program and (2) for
selected states, the impact of the campaigns and challenges that exist in
conducting the campaigns. NHTSA has fully implemented the high-
visibility enforcement program by (1) developing and disseminating
advertising, (2) coordinating with states on media and enforcement
activities, and (3) annually evaluating the effectiveness of the two HVE
campaigns; however, NHTSA’s evaluations have shortcomings that
limit the agency’s ability to determine the effectiveness of the
campaigns. Regarding advertising, NHTSA introduced an annual plan
in 2005 that sets forth a strategy for the campaign advertisements,
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developed advertisements, and purchased national media time for the
advertisements. To coordinate with states, NHTSA provides an overall
strategy and guidance to assist states in conducting the campaigns, as
well as technical assistance and collateral materials, such as posters and
model press releases. Officials in selected states reported that NHTSA’s
coordination efforts provided the support and interaction needed to
conduct HVE campaigns. Although NHTSA’s annual evaluations of
campaign effectiveness indicate that the campaigns are helping to
improve safety belt use and reduce impaired driving, the evaluations
have shortcomings that limit NHTSA’s ability to assess the level of
state and local activity—a key component of the campaigns—and the
overall effectiveness of the campaigns. For example, the information
that NHTSA has on states’ activities is inconsistent and incomplete
because reporting of such data is generally voluntary for local law
enforcement agencies. As a result, NHTSA has reported that it cannot
provide meaningful analyses and comparisons of state activities.
NHTSA’s ability to measure the campaigns’ overall effectiveness is
also hindered because the performance measures used to evaluate the
campaigns are not comprehensive. For example, while NHTSA
measures daytime safety belt use, it does not directly measure nighttime
safety belt use, despite recent efforts to increase safety belt use at night.
In addition, NHTSA’s evaluations do not include measures of the
effectiveness of the campaigns at reaching all target audiences. NHTSA
is working to develop more comprehensive performance measures.
According to officials in selected states that the U.S. Government
Accountability Office (GAO) visited, the campaigns are contributing to
increased safety belt use and reduced alcohol-involved fatalities, but
these states face challenges in conducting the campaigns and achieving
desired results. From 1997 to 2006, safety belt use increased in all
seven of the selected states, and each state experienced a decrease in the
alcohol fatality rate. Officials in the selected states said that the
campaigns provide additional benefits, such as apprehending suspects
involved in other crimes. However, officials in those selected states
identified several challenges, such as increasing safety belt use and
reducing impaired driving among resistant populations; insufficient
staff to conduct the campaigns; and weak prosecution of impaired-
driving arrests. NHTSA has initiatives under way to help states address
some of these challenges. For example, NHTSA has sponsored a
campaign to increase safety belt use in rural areas. In addition, NHTSA
provides funds that can be used by states to purchase equipment for
local law enforcement agencies, such as breath-testing units, to
encourage the agencies to participate in campaigns. GAO recommends
that the Secretary of Transportation direct NHTSA to establish a
minimum set of reporting requirements for states to report HVE
activities that are federally funded and include additional performance
measures in campaign evaluations.
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The aim of the SUNflowerNext project is to develop a knowledge-
based framework for comprehensive benchmarking of road safety
performances and developments of a country or of sub-national
jurisdictions. Benchmarking is a process in which actors evaluate
various aspects of their performance in relation to others, and to the so-
called best in class'. In the SUNflowerNext study the authors
researched whether countries in the European Union could all be placed
in one class, or whether they should consider working with two or more
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classes. In the SUNflowerNext project the authors concluded that it is
better not to make comparisons between all European countries as one
group, but to attempt grouping comparable countries and to then
compare the countries within a specific group or class. SUNflowerNext
decided to develop an integral and comprehensive set of indicators to
measure the road safety performance of a country while including all
information in the SUNflower pyramid. Time series analyses and sub-
national comparisons are also discussed in the report.
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Municipal, state, and federal agencies in the United States that are
responsible for traffic safety have used crash rates such as fatalities per
100 million vehicle miles traveled (VMT) as traffic safety performance
measures. However, the appropriateness of using such rates as
performance measures has not been examined empirically, although the
rates have been made public. This study examined 20 candidate crash
rates (e.g., fatalities per million population and injury crashes per
million registered vehicles) for an annual safety performance measure
for Virginia by using autoregressive error models and empirical data
from 1971 through 2006. The study found that the injury rate per driver
and the crash rate per VMT seem appropriate as, respectively, long-
term (1971 to 2006) and shorter-term (1995 to 2006) safety
performance measures for Virginia. Statistical uncertainty should be
considered when these rates are used to measure safety performance.
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This collection of 22 papers is concerned with safety data, analysis and
modeling. The following specific topics are addressed: data-driven
perspective on safety risk management; macrolevel annual safety
performance measures; tool with road-level crash prediction for safety
planning; congestion and number of lanes on urban freeways
relationship to safety; accident modification factors; identifying
hazardous road locations; identifying hot spots; safety influence area
for four-legged signalized intersections; automated analysis of accident
exposure; new simulation-based surrogate safety measure; hit-and-run
crashes; speed limit increases effect on injury severity; safety of curbs;
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proximity to intersections and injury severity of urban arterial crashes;
nested logit model of traffic flow on freeway ramps; intelligent
transportation system data for assessing freeway safety; vehicle time
spent in following on two-lane rural roads; indirect associations in
crash data; crash prediction models for rural highways; and
methodology for identifying causal factors of accident severity.
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The State of Victoria, Australia has improved its road safety
performance substantially in the periods 1989 to 1992 and since 2001.
The lessons learned from this experience suggest that mechanisms by
which governments and communities can achieve improved road safety
outcomes are not well understood and have received little research
attention. A clear recognition and understanding of principles and
processes which will assist change are fundamentally important if new
countermeasure proposals are to achieve community acceptance over
time. Proponents of change need to be well equipped if their ideas are
to negotiate the difficult course of public debase and bring about greater
acceptance (albeit, often incrementally) in public attitudes. This paper
outlines the new road safety thinking developed in Victoria, Australia
including the focus on road safety performance measurement which is a
key driver of road safety management. It compares road safety
outcomes with the current situation in the USA. The paper suggests that
consideration be given to implementation of a tailored pilot
implementation in selected states of the US. Such implementation
would be based, in particular, on a more complete understanding of
how the transition from concept to implementable reality can occur.
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This report presents a compendium of papers about traffic safety and
traffic safety culture in the United States. Topics covered include
cultural paradigms, public health and medicine, measuring program
effectiveness, intervention, understanding drivers, driver feedback,
rural traffic safety, speed and speeding, implementation, and
international comparisons.
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The objectives of the article are to assess the extent to which
comparisons of motor-vehicle crash death rates can be used to
determine the effectiveness of highway-safety policies over time in a
country or to compare policy effectiveness across countries. Motor-
vehicle crash death rates per mile traveled in the 50 U.S. states from
1980 to 2003 are used to show the influence on these rates of factors
independent of highway-safety interventions. Multiple regression
models relating state death rates to various measures related to
urbanization and demographics are used. The analyses demonstrate
strong relationships between state death rates and urbanization and
demographics. Almost 60% of the variability among the state death
rates can be explained by the independent variables in the multiple
regression models. When the death rates for passenger vehicle
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occupants (i.e., excluding motorcycle, pedestrian, and other deaths) are
used in the regression models, almost 70% of the variability in the rates
can be explained by urbanization and demographics. The analyses
presented in the article demonstrate that motor-vehicle crash death rates
are strongly influenced by factors unrelated to highway-safety
countermeasures. Overall death rates should not be used as a basis for
judging the effectiveness (or ineffectiveness) of specific highway-safety
countermeasures or to assess overall highway-safety policies, especially
across jurisdictions. There can be no substitute for the use of carefully
designed scientific evaluations of highway-safety interventions that use
outcome measures directly related to the intervention; e.g., motorcyclist
deaths should be used to assess the effectiveness of motorcycle helmet
laws. While this may seem obvious, there are numerous examples in the
literature of death rates from all crashes being used to assess the
effectiveness of interventions aimed at specific subsets of crashes.
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In recent years, many state departments of transportation (DOTs) have
developed performance measures to monitor their transportation
systems and improve transportation planning. One of the main
outstanding questions with regard to using performance measures is
how to best characterize the connection between resources and
outcomes, particularly at a system (state) level. In this paper, the
authors examine the effectiveness of state DOT investment decisions on
two performance areas: Safety and congestion. The authors collected
expenditure and performance data from 1984-2000 and developed
state-specific linear regression models for each performance area. The
statistical significance and direction of influence of each expenditure
category varied between models, so the authors used 29 transportation-
system characteristics to interpret model results. The findings of this
study provide a better understanding of the link between resources and
outcome and will help state DOTs utilize the new funding
opportunities, improve the planning procedures and address
government accountability concerns.
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This study evaluates the effectiveness of setting quantified road safety
targets on road fatalities in nine countries from 1981 to 1999. Based on
the systematic selection by the odds ratio qualification test, a suitable
comparison group is established for each treatment country. A
treatment-comparison group and the before-and-after comparison
method are adopted to estimate the change in road fatalities after setting
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a quantified target, and the majority of countries are shown to
experience an appreciable reduction in road fatalities. Overall, a
significantly favorable association is found between the implementation
of a quantified road safety target and road safety performance. (a) For
the covering entry of this conference, please see ITRD abstract no.
0612AR242E.
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This report was prepared by the OECD/ECMT Working Group on
Achieving Ambitious Road Safety Targets. At its first meeting held on 9-
10 March 2005, the Working Group discussed the importance of cross-
country comparisons and targeted performance assessment in identifying
the priority areas for implementation of effective measures and areas for
possible improvements. It was decided to present and publish an overview
of the safety evolution of individual countries, based on information
collected through a survey. The survey was sent to all 50 OECD/ECMT
countries to collect information on road safety trends, recent road safety
measures implemented; key road safety issues, measures planned to
address these issues and targets set and current results towards these
targets. The responses to the survey are completed by other relevant data
from other sources (e.g. IRTAD, ECMT statistics, and recent reports of the
JTRC). Responses were received from 38 out of the 50 OECD/ECMT
countries. In addition, the states of Victoria and Western Australia also
provided responses to the Questionnaire. This report includes first a
summary of road safety performance in OECD/ECMT countries. It
presents an overview of road safety targets in OECD/ECMT countries,
highlights the main road safety problems identified by member countries
and provides some country comparisons.
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Abstract: In April 2004, the Federal Highway Administration (FHWA), American

Association of State Highway and Transportation Officials (AASHTO),
National Cooperative Highway Research Program (NCHRP), and Austroads
undertook a scanning study of how agencies in Australia, Canada, Japan, and
New Zealand use performance measures in transportation planning and
decision making [Transportation Performance Measures in Australia, Canada,
Japan, and New Zealand (FHWA-PL-05-001)]. The U.S. panel was
particularly impressed with how Australia's transportation and safety agencies
used performance measures to implement driver behavioral strategies geared
toward reducing crashes. According to the panel's observations, the Australian
model demonstrated the most advanced process of understanding the
problems, benchmarking against others, setting targets, identifying strategies,
monitoring effects, and integrating results into future planning efforts. Since
1980, Australia has gone from nearly 4.5 to 1.5 deaths per 10,000 registered
motor vehicles. This compares to a change of 3.5 to 2.3 deaths per 10,000
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registered motor vehicles in the United States over the same time period. In
terms of traffic deaths as a function of population, Australia went from 22.5
deaths per 100,000 population in 1980 to fewer than 9 deaths per 100,000
population in 2003. From nearly identical rates in 1980, the Australian rate
has fallen to a point where it is now a little more than half the U.S. rate. This
report, which was undertaken through Austroads by Professor Ian Johnston,
director of the Monash University Accident Research Centre, reviews
Australia's accomplishments in highway safety. It not only discusses the
performance measures established, but also goes beyond the public data. It
draws from interviews with politicians, senior agency staff, and others with
firsthand knowledge of how the traffic safety strategies were put together and,
above all, how they were implemented, often amid public controversy but
with majority community support.
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Abstract: The purpose of this paper is to describe the background and
development methodology of Road Infrastructure Safety Assessment
(RISA) information. The paper also describes the ongoing development
of the assessment methodology, the uses of the process and the
proposed future development of RISA. Land Transport NZ will also be
able to use this tool as a performance measurement and comparison of
Road Controlling Authorities (RCAs). The assessment methodology
also has opportunities for adaptation for review and assessment of road
safety features for other purposes. Land Transport New Zealand (Land
Transport NZ) is developing a tool to enable RCAs to understand and
manage their road safety infrastructure provisions in a more effective
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Abstract: This research report summarizes the activities of a research project

intended to identify and quantify appropriate operational and safety
performance measures that can be used for investigating access

management treatments. Specifically, the research had three objectives:
1) assess the state-of-the-practice relative to performance measures that
are applicable to access management and identify existing and/or new
measures—particularly measures that can capture the safety benefits of
access management treatments, 2) perform micro-simulation using the
identified measures on two selected case study corridors and on three
theoretical corridors to demonstrate the application of the measures,
and 3) develop guidance for applying the performance measures for
evaluating roadway improvements that include access management
treatments (e.g., raised medians, driveway consolidation) and
incorporating them into the transportation planning process. The
research will be useful to practitioners as it identifies desirable input
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and output characteristics for individuals searching for a micro-
simulation tool to use for assessing the impacts of access management.
It also identifies surrogate safety measures related to time-to-collision
(TTC), and incorporates them into a micro-simulation model (VISSIM)
as a demonstration of how both safety and operational impacts might be
investigated in the same software package. Generally, the results appear
intuitive—particularly at lower volumes and for the theoretical
corridors. The research report also discusses how the safety measures
can be incorporated into the traditional transportation planning process.
It also cautions that corridor improvements are very case specific and
illustrates how micro-simulation, when calibrated appropriately to field
conditions, provides a tool to estimate the effects of combined corridor
characteristics. Finally, the research report concludes with future
research needs that can enhance the state-of-the-practice in this area.
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In recent years, many Road Controlling Authorities have made
concerted efforts to measure skid resistance in order to better
understand how their asset are performing and to improve their decision
making. Because of the prohibitive costs of skid testing measurements,
usually only one ‘network level’ test are undertaken annually. This
sampling period, while being reasonable for other pavement condition
indicators, should be used with caution as a performance indicator of
skid resistance. This paper discusses infrastructure asset management
goals and the development in New Zealand (NZ) of the NZdTIMS
system of predictive deterioration modeling. The paper then
demonstrates that measured skid resistance varies significantly from
month to month, week to week and even day to day, based on a number
of external variables. The outcome being that it is very difficult to
develop credible incremental deterministic prediction models for skid
resistance. The paper then reports upon research that is currently being
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undertaken at the University of Auckland, New Zealand into the
variability of road pavement skid resistance over time. The
methodology includes the measuring and analyses of skid resistance
with rainfall and contaminants in the field using the GripTester, SCRIM
and the Dynamic Friction Tester (DFTester) and secondly by means of
controlled laboratory experiments on prepared samples. The paper
discusses the results of the experiments that were developed to try and
simulate infield skid resistance variability. The research demonstrates
the importance of understanding the significance of a single skid
measurement as a ‘snapshot’ in time. This result must be qualified in
the context of not only the method of measurement but an
understanding of the surrounding local environmental factors in which
the measurement was taken.
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Highway Geometric Design from the Perspective of Recent Safety
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In a safe-system approach to road safety, problems are dealt with by
considering how several components of the road transportation system
interact rather than implementing countermeasures in isolation. In this
paper, the authors propose that relevant information from the fields of
the safe-system approach, including user-centered design and road
safety auditing, be integrated into highway geometric design guidelines.
A framework is proposed for integrating safety and human factor issues
into highway geometric design guidelines. Key issues to be addressed
include safety training of highway design engineers, three-dimensional
highway design and implementation of a safe system. The safe system
approach has already been applied in several states and countries, and
has the potential to be implemented in other places.
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As traffic volumes increase, in both urban and rural areas, the demand
on the highway network also increases. Specifically, as rural traffic
volumes rise in Texas, the pressure on the state’s network of two-lane
highways rises accordingly. Previous research in Texas demonstrated
that periodic passing lanes can improve operations on two-lane
highways with average daily traffic (ADT) lower than 5000; these
“Super 2 highways can provide many of the benefits of a four-lane
alignment at a lower cost. This project expands on that research to
develop design guidelines for passing lanes on two-lane highways with
higher volumes, investigating the effects of volume, terrain, and heavy
vehicles on traffic flow and safety. This report discusses findings from
field observations and crash analysis of existing Super 2 highway
corridors in Texas and computer modeling of traffic conditions on a
simulated Super 2 corridor. Results indicate that passing lanes provide
added benefit at higher traffic volumes, reducing crashes, delay, and
percent time spent following. Empirical Bayes analysis of crash data
reveals a 35 percent reduction in expected nonintersection injury
crashes. Simulation results indicate that most passing activity takes
place within the first mile of the passing lane, so providing additional
passing lanes can offer greater benefit than providing longer passing
lanes. Whether adding new passing lanes or adding length to existing
lanes, the incremental benefit diminishes as additional length is
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provided and the highway more closely resembles a four-lane
alignment. The simulation study also showed that the effects of ADT
on operations were more substantial than the effects of terrain or truck
percentage for the study corridor.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
guidelines and tools in the planning and design stages of the project
development process. This document summarizes the research that was
conducted and the products that were developed during this six-year
research project. It also describes a plan to incorporate safety design
guidelines and evaluation tools into the project development process. It
is intended for use by engineers responsible for the planning and design
of streets and highways.
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“Safe System” is a novel approach to road safety and represents a
radical evolution in strategies for further improving road safety
outcomes. "Vision Zero" and "Advancing Sustainable Safety", recently
developed in Sweden and the Netherlands, are two breakthrough
paradigms of such an approach, including provisions aiming at road
design, shifting a major share of the safety responsibility from road
users to those who design the road transport systems. “Human Factors
Guidelines for Road Systems”, an ongoing publication (8) which aims
to provide the best factual information and insight on the characteristics
of road users to facilitate safe roadway and operations decisions, is a
benchmark current development for a safe user centered roadway
design. In Road Safety Audits and Road Safety Inspections,
considerations of safety and human factors have already been exploited.
Specific guidelines and recommendations have also been developed to
accommodate older road users, a group which is of growing
importance. Roadway designers, who bear a major responsibility for the
safe roadway design, should have a thorough understanding of the
safety implications of their design decisions. Unfortunately, this kind of
knowledge is limited among roadway designers due to the lack of
appropriate professional training on safety and human factor issues, as
well as the pertinent inadequacies in the University curricula.
Consequently, there is an urgent need to aid roadway design engineers,
in order to become familiar with current safety and human factors
recent developments. The authors think that a promising way in
achieving this objective is the effective integration of safety and human
factors issues into road geometric design guidelines. In order to identify
how safety and human factor considerations have been integrated in
road geometric design guidelines, a critical review of current design
policies in the United States of America, Germany, Canada and
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Australia was carried out and showed that these considerations have
been incorporated to a varying degree into design guidelines. However,
there are several areas of road geometric design that have to be enriched
accordingly. On the basis of this review and the aforementioned recent
developments, a framework is suggested and discussed that will
contribute to integrating the existing knowledge regarding safety and
human factors issues into road geometric design guidelines.
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This paper provides an overview of the most significant developments
in the area of road (geometric) design practices and standards and
related research in the Netherlands in recent years. The paper describes
the importance of the Sustainable Road Safety policy in this context.
Furthermore, it provides a summary of a number of new initiatives and
developments with respect to road and intersection design with a
specific focus on related (road safety) research and its role in the
development and application of guidelines. Since 1998 the Netherlands
has applied the principles of Sustainable Safety in road design and over
the years these have been researched and in varying degrees been
adopted into geometric design standards and guidelines. In recent years
the strategic direction of road safety has shifted from being focussed on
predominantly infrastructure to concentrating on regular traffic
offenders and vulnerable road users and where technological innovation
plays an important role. The newly adopted road safety strategy for
2020 is a testament of this shift. However, road authorities, standards
and research organisations continue pursuing the long term vision set
out by the Sustainable Safety programme by adapting the road
environment and related standards and guidelines to meet the ongoing
challenge of further reducing road accidents. To facilitate and support
these developments, extensive research programmes have been carried
out and these include driving simulator research into the (behavioural)
effects of, for example narrow cross-sections, research into safe and
credible speeds and research into the effects of road design and layout
on road safety. The results of these research programmes are used in the
development and/or amendment of road design guidelines and
standards. Examples discussed in the paper include the implementation
and evaluation of the essential characteristics for the recognition of
road infrastructure, the further expansion of 30 and 60km/h zones and
2+1 roads. The paper further elaborates on the following significant and
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related developments: — Optimising the use of available road space
through innovative design and traffic management procedures (e.g.
network approach; emergency lane etc.); — the planned new guidelines
for national highways; — guidelines for signing and marking at road
construction zones; — the guidelines for essential characteristics for the
recognition of road types; — experiences related to the use and design of
turbo-roundabouts (traffic circles) and subsequently adopted design
guidelines; — design guidelines for 2+1 roads; — the Dutch traffic safety
handbook; — the relationship between road design and (direction)
signing and in-car/roadside information systems; and — Human factor
guidelines (the so called Golden Rules). The focal point of Sustainable
Safety is that the human and consequently human factors still play an
increasingly important role in road design in the Netherlands. The
Sustainable Safety programme has been around since 1997 and has had
a major impact on infrastructure design and the way in which the
Netherlands approaches road safety. This has resulted in 10 years of re-
engineering major parts of the Dutch road network and making a
significant contribution to the 300 to 400 fewer road traffic fatalities in
2007 when compared to 1997. This paper will briefly touch on these
effects. The paper closes with an overview of other future
developments and their possible consequence on road design practices
in the Netherlands.
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In response to a provision in the Surface Transportation Assistance Act
of 1982, the Transportation Research Board studied the safety and cost
effectiveness of highway geometric design standards and recommended
minimum standards for Resurfacing, Restoration and Rehabilitation
(RRR) projects on existing federal-aid highways, except for freeways.
In 1987, The Transportation Research Board (TRB) published Special
Report 214, Designing Safer Roads: Practices for Resurfacing,
Restoration, and Rehabilitation." The American Association of State
Highway Transportation Officials (AASHTO) subsequently amended
the Foreword of the Policy on Geometric Design for Highways and
Streets to include the following sentence: "This publication is not
intended as a policy for Resurfacing, Restoration, or Rehabilitation
(3R) projects and refers the reader to TRB Special Report 214 for
design guidance." In 2001, AASHTO published Guidelines for
Geometric Design for Very-Low Volume Local Roads (ADT
&amp;#8804; 400). While this document does not specifically address
RRR work, it does provide some guidance related to improving the
safety and cost-effectiveness of geometric design for existing, low-
volume roads. With TRB SR 214 specifically addressing RRR work on
federal-aid highways and AASHTO providing limited guidance only on
roads with ADT less than 400 vehicles per day, there is a lack of design
guidance for RRR work on the wide range of roads that have traffic
volumes in excess of 400 vehicles per day but are not eligible for
federal-aid funding. A need exists to document the state of highway
practice related to resurfacing, restoration, and rehabilitation (3R)
design guidelines for these roadway types. State transportation agencies
in Alabama, California, Florida, Kansas, North Carolina, Oregon, and
Texas all have 3R design guidelines; however, all are different. It is
therefore likely that the range of current practice is considerable. The
main focus of this project should be to conduct a state transportation
agency survey to document current practices related to 3R design. The
synthesis should document the range of 3R design practices used by
state transportation agencies in the United States. This product of this
synthesis will be of considerable value to local transportation agencies
in need of a document that highlights best practices of 3R design
policies currently used in the U.S. Information will be gathered by
literature review, survey of transportation agencies, and selected
interviews.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
guidelines and tools in the planning and design stages of the project
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development process. This document provides the best-available
information describing the relationship between various highway
geometric design components and crash frequency. It is intended to be
used by engineers for the purpose of explicitly evaluating the potential
safety trade-offs associated with various design alternatives. This
document focuses on quantitative safety relationships for specific
design components known to be correlated with crash frequency. It is
intended for engineers responsible for the geometric design of streets
and highways. Following an introductory chapter, the remaining
chapters are devoted to freeways, rural highways, urban and suburban
arterials, interchange ramps and frontage roads, rural intersections, and
urban intersections.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
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guidelines and tools in the planning and design stages of the project
development process. This document summarizes the research
conducted and the conclusions reached during the development of
safety prediction models for intersections and highway segments in
Texas. Models were developed for urban and suburban arterial
intersections, urban and suburban arterial street segments, rural
multilane highway segments, and urban and rural freeway segments.
They were subsequently calibrated using Texas highway system data.
Selected accident modification factors were also developed and
calibrated. These factors address several geometric design elements,
including turn bay presence, median width, barrier presence, and
weaving section length.

Report Date: June 2008; Published: October 2008. Project Title:
Incorporating Safety into the Highway Design Process.
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Highway agencies are continually facing safety problems on highways,
especially on horizontal alignments. Traditionally, the geometric design
implicitly considers safety through satisfying minimum design
requirements for different geometric elements. This paper presents a
new substantive-safety approach for design of horizontal alignments
based not only on minimum design guidelines, but also on actual
collision experience. The curve radii, spiral lengths, lane width,
shoulder width, and tangent lengths are determined to optimize mean
collision frequency along the highway. The model allows the
parameters of the horizontal alignment to vary within specified ranges.
The model also considers any specified physical obstructions in
selecting the optimal alignment. Collision experience is addressed using
existing collision prediction models for horizontal alignments and cross
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sections. The model is applicable to 2-lane rural highways for which
collision prediction models exist. Application of the model is presented
using numerical examples. The proposed substantive-safety approach
takes horizontal alignment design one step further beyond the
minimum-guideline concept, and therefore should be of interest to
highway designers.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
guidelines and tools in the planning and design stages of the project
development process. This document summarizes the research
conducted and the findings for the initial three years of the project. This
research included a review of the TxDOT design and safety evaluation
process, identification of the safety information sources and needs,
identification of the data needed to use selected safety evaluation tools,
assessment of the applicability of accident modification factors for
design evaluation, and calibration of selected safety evaluation tools for
Texas application.
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The goal of this project has been to develop human factors insights and lessons
learned for crash warning devices that emphasize driver performance and
safety. The project reflects an important review of the human factors literature
associated with the effective implementation of crash warning system
interfaces; the lessons learned from this literature were characterized in terms of
guidelines for interface design and driver performance. This document is
intended to highlight issues to be addressed and provide guidance in the
development of Collision Warning Systems (CWSs); the guidelines presented
here reflect the best-available human factors information, and are neither
requirements nor mandates. Information is presented on a variety of topics
relevant to the driver-vehicle interface (DVI) of CWS devices. Chapters 2
through 11 contain the design guidelines produced through this effort. Chapter
2 provides general guidelines for CWS design, and focuses on issues associated
with levels of warning and the prioritization of warnings, as well as
recommendations for preventing false and nuisance alarms. Chapter 3 provides
guidelines for presenting auditory warnings and focuses on the selection and
design of various options for auditory warnings, including simple tones,
earcons, auditory icons, and speech messages. Chapter 4 provides guidelines for
visual warnings, focusing on recommendations for using visual displays and on
determining the most appropriate visual display. Chapter 5 provides guidelines
for haptic warnings, focusing on recommendations for using haptic displays and
on determining the most appropriate haptic warnings. Chapter 6 provides a set
of guidelines for selecting and designing user controls for CWS devices.
Chapters 7, 8, and 9 provide—respectively—guidelines for forward collision
(headway warning), lane change (blind spot warning) and road departure
warnings; each of these chapters provides guidance on developing both
cautionary and imminent warnings, as well as device-specific guidance for
visual, auditory, and haptic warnings. Chapter 10 provides a series of guidelines
specific to heavy truck and bus applications.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
guidelines and tools in the planning and design stages of the project
development process. This document describes the effect of key design
components on street and highway safety. The information presented
herein represents the findings from a critical review of the literature and
an evaluation of the reported safety trends and relationships. The
purpose of this document is to promote the explicit and objective
consideration of safety in the design process. It is envisioned to be a
reference document that will be useful to engineers and researchers
who desire detailed safety information on various highway geometric
design elements. The information in this document was used to develop
the guidelines presented in the Interim Roadway Safety Design
Workbook.
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Highway safety is an ongoing concern to the Texas Department of
Transportation (TxDOT). As part of its proactive commitment to
improving highway safety, TxDOT is moving toward including
quantitative safety analyses earlier in the project development process.
The objectives of this research project are: (1) the development of
safety design guidelines and evaluation tools to be used by TxDOT
designers, and (2) the production of a plan for the incorporation of these
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guidelines and tools in the planning and design stages of the project
development process. This report describes the role and application of
accident modification factors (AMFs) in the highway geometric design
process. The potential applications of AMFs are identified and
procedures for using AMFs are outlined. AMFs that can be used in
design applications are also identified. Those AMFs that are needed to
evaluate key highway design elements are identified.
Recommendations are made regarding future research needed to
enhance the use of AMFs in the design process.
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ITRD E135558

More than 40 thousand people are killed and more than 3 million
injured each year in road traffic accidents in both the United States and
the European Union. In Europe 99 percent of fatal transportation
accidents are road traffic related. More than 50 percent of all road
crashes are attributed at least partly to late or missed perception of
relevant information to avoid the accident. Safe driving requires
adequate and efficient information gathering and processing from
relevant sources within the road environment. A continuous input, in
particular visual input, is essential for the orientation on the road.
Orientation starts with the development of an internal representation of
the road and ends with safe guidance and control of the vehicle.
Perception is thereby the most important single basis for the drivers'
decision making. Without knowledge about the actual traffic situation,
organisation of appropriate and safe driving behaviour is not possible.
Therefore, perception is a key issue in maintaining a high level of road
safety. The design of a road should be in accordance to the perceptual
capabilities of the driver. Changes in the design must be recognizable
by the driver and transitions must be long enough to react
appropriately. An extensive worldwide review of road design
guidelines revealed that in most guidelines perception is
underrepresented. The question of relevant information for driving
tasks, optical guidance, perceptual illusions, reaction to combined
signals as well as perception at night and under poor vision conditions
are not adequately considered in the reviewed guidelines. Moreover,
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perceived road features may mislead drivers into making wrong
decisions. Is it possible to construct roads in such a way that they are
self-explaining in the sense that design features guide drivers to safe
behaviour without further signs and signalling? This paper proposes
recommendations with respect to perception for the consideration of
human factors in the design of roads. Design recommendations were
developed from the analysis of these factors which will be explained
using an example. A methodology for integrating human factors into
actual road design standards will be provided. For the covering abstract
see ITRD E135448.
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Each year between 40 and 50 thousand people are killed and more than
3 million are injured due to road traffic accidents in both the United
States and the European Union. In Europe 99 percent of fatal
transportation accidents are road traffic related and about 95 percent of
all factors contributing to road crashes are attributed to human factors.
However, research with respect to accident causes clarifies, that it is not
always one single factor that causes the accident, but a considerable
amount of them are originated from a combination of human errors, and
the road itself. Furthermore, it is known that, in principle, road design is
a powerful instrument to influence road user behavior. Thus, this study
will primarily focus on the interaction between road environment and
road user behavior to develop appropriate design alternatives for
improving road safety. A brief worldwide review of geometric highway
design guidelines revealed that most standards include human factor
issues only implicitly. This paper describes a methodology, developed
on the basis of an International research project financed by the
University of Catania and by the Italian University Ministry. The aim
of the research project is to improve highway design standards for road
safety with respect to human factors needs. An evaluation system to
quantify driver mental workload is provided. A variety of research
methods and research instruments were applied. The field data were
collected by using an instrumented car traveling under real traffic
conditions on two-lane rural roads. The car was equipped with a GPS
receiver, vehicle speed- and acceleration sensors, a video camera for
recording the driver's view and a system to record psycho-physiological
responses (i.e. Electrocardiogram ECG, Electroculogram EOG,
Electrodermal Activity EDA, Electromiography EMG). A survey was
conducted on roadway sections to provide a representative sample of
Italian two-lane rural roads. Based on this experience a procedure was
developed to distinguish between good and poor driving conditions. For
the covering abstract see ITRD E135448.
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Abstract: This paper is based on research of the authors emphasizing traffic

safety and highway geometric design, which has led to the development
of three quantitative safety criteria for distinguishing sound and poor
design practices on both planned and existing two-lane roadway
sections. The safety criteria are directed toward the achievement of (1)
design consistency (Safety Criterion I), (2) operating speed consistency
(Safety Criterion II), and (3) driving dynamic consistency (Safety
Criterion III) in highway design. All three criteria are evaluated in
terms of three ranges, described as "Good", "Fair" and "Poor". Cut-off
values between the three ranges are developed. Furthermore, it is dealt
with the issues: design speed, operating speed, and sound friction
factors. A comparative analysis of the actual accident situation with the
results of the Safety Criteria reveals a convincing agreement. It is
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known, that signs and markings can improve the safety record of a road
section. However, the improvement is seldom substantial and certainly
not to the level of transforming a "poor" design to a "good" design. The
developed safety evaluation process is meeting with acceptance in the
professional highway engineering community. It has been adopted or
referenced in their geometric design guidelines by several Roads
Agencies internationally including those in Canada, Greece, Hungary,
Italy, Japan, South Africa, and partially in the United States. It is thus
reasonable to suggest that the methodology has gained international
acceptance. Thirty case studies were analyzed. The results confirm that
the classification system agrees well with the outcome of large accident
databases.
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Each year between 40 and 50 thousand people are killed and more than
3 million are injured due to road traffic accidents in both the United
States and the European Union. In Europe 99 percent of fatal
transportation accidents are road traffic related and about 95 percent of
all factors contributing to road crashes are attributed to human factors.
However, research with respect to accident causes clarifies, that it is not
always one single factor that causes the accident, but a considerable
amount of them are originated from a combination of human errors, and
the road itself. Furthermore, it is known that, in principle, road design is
a powerful instrument to influence road user behavior. Thus, this study
will primarily focus on the interaction between road environment and
road user behavior to develop appropriate design alternatives for
improving road safety. A brief worldwide review of geometric highway
design guidelines revealed that most standards include human factor
issues only implicitly. This paper describes a methodology, developed
on the basis of an International research project financed by the
University of Catania and by the Italian University Ministry. The aim
of the research project is to improve highway design standards for road
safety with respect to human factors needs. An evaluation system to
quantify driver mental workload is provided. A variety of research
methods and research instruments were applied. The field data were
collected by using an instrumented car traveling under real traffic
conditions on two-lane rural roads. The car was equipped with a GPS
receiver, vehicle speed- and acceleration sensors, a video camera for
recording the driver's view and a system to record psycho-physiological
responses (i.e. Electrocardiogram ECG, Electroculogram EOG,
Electrodermal Activity EDA, Electromiography EMG). A survey was
conducted on roadway sections to provide a representative sample of
Italian two-lane rural roads. Based on this experience a procedure was
developed to distinguish between good and poor driving conditions.

Full conference proceedings available on CD-ROM.
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Abstract: These design guidelines are based on current understanding of ergonomic good
practice and cover many issues that need to be considered when designing and
evaluating in-vehicle information systems (IVIS). Safety and usability are paramount
design concerns. The objective of these guidelines is to provide designers and
manufacturers (and others in the supply chain) with a summary review of the factors
that need to be considered in the design process of IVIS in an easy to use format. The
guidelines deal primarily with systems that provide the private car driver with
information specific to his/her journey such as congestion, incident warnings or route
guidance information. Advanced driver assistance systems are not covered. The
guidelines are divided into sections on: the different stages of the design process and
the possible need for conducting assessments at these stages; documentation and user
instructions; how the IVIS should be fitted within the vehicle; ergonomic issues;
interface design; safety related aspects including timeliness of information; legal
issues; references; and a bibliography.
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Abstract:  An illuminated crosswalk is a relatively new traffic control device that
is being used throughout the nation to alert approaching motorists to the
presence of pedestrians in or about to enter the crosswalk. It consists of
a series of lighting units encased in durable housings and embedded in
the pavement parallel with the marked crosswalk. The lights are
activated by a pedestrian, either by pushbutton or passive detection, and
are aimed to flash toward approaching traffic. These light systems are
known by many names. In deference to the terminology used in the
"Manual on Uniform Traffic Control Devices for Streets and
Highways," this study refers to them as in-roadway warning lights
(IRWLs). The purpose of this research was to develop guidelines for
IRWLs that the Virginia Department of Transportation (VDOT) could
use statewide to ensure uniformity. The guidelines include both
"planning" and "design" guidelines. Planning guidelines focus on when
and where IRWLs are needed or justified. Design guidelines focus on
design features of IRWLs and their components. The scope of the
research was limited to a review of existing guidelines and of
experiences with existing IRWLs. Specific tasks undertaken for this
research included a literature review, discussions on key issues
involving IRWLs with practicing transportation engineering
professionals via the Institute of Transportation Engineers' traffic
engineering Internet discussion group, and a review of the experiences
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with several IRWLs in Virginia. A task group of VDOT planners and
traffic engineers from the central office and district offices provided
oversight, guidance, and, as appropriate, approval of the developed
draft guidelines. Based on the findings and conclusions from these three
tasks, draft guidelines for IRWLs were compiled and synthesized and
then presented to the task group for review and discussion. Revised
guidelines were then developed and recommended for pilot
implementation.
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Until this new guide was released, no set practice or uniform guide for the application
and implementation of Advanced Warning Flashers (AWFs) existed in Canada. As a
result, there was a wide range of practice in the use of AWFs across the country. TAC
was interested in consolidating the best available knowledge and developing a national
guideline for the application and installation of AWFs. TAC's new publication,
Advance Warning Flashers: Guidelines for Application and Installation, presents the
results of the process to develop these new guidelines. Users should note, however, that
the report focuses on dynamic systems interconnected to traffic signal operations and
does not include continuously flashing signs or beacons.
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This report documents the research performed under NCHRP Project 1-43. It describes the
work activities undertaken in the study and presents the results of those activities toward
the development of the Guide for Pavement Friction. The information provided in this
report serves as the basis for many of the guidelines and recommendations contained in the
Guide. The information will be of interest to highway materials, construction, pavement
management, safety, design, and research engineers, as well as others concerned with the
friction and related surface characteristics of highway pavements. Using information
collected through detailed literature reviews and surveys/interviews with state highway
agencies, this report discusses a variety of aspects regarding pavement friction. It describes
and illustrates the importance of friction in highway safety, as well as the principles of
friction, as defined by micro-texture and macro-texture. It identifies the factors affecting
friction and examines the ways that friction can be measured (equipment and procedures)
and expressed (reporting indices). Most importantly, it presents valuable information on (a)
the management of friction on existing highway pavements and (b) the design of new
highway surfaces with adequate friction. This information focuses on techniques for
monitoring friction and crashes and determining the need for remedial action, as well as
identifying combinations of aggregate (micro-texture) and mix types/surface texturing
methods (macro-texture) that satisfy friction design requirements. The report includes
various conclusions and recommendations based on the results of the study, and it features
five appendixes containing supplemental information on friction.
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This report contains guidelines and recommendations for managing and designing for
friction on highway pavements. The contents of this report will be of interest to highway
materials, construction, pavement management, safety, design, and research engineers, as
well as others concerned with the friction and related surface characteristics of highway
pavements. Information is presented that emphasizes the importance of providing adequate
levels of friction for the safety of highway users. The factors that influence friction and the
concepts of how friction is determined (based on measurements of surface micro-texture
and macro-texture) are discussed. Methods for monitoring the friction of in-service
pavements and determining appropriate actions in the case of friction deficiencies (friction
management) are described. Also, aggregate tests and criteria that help attain adequate
micro-texture are presented, followed by a discussion of how paving mixtures and surface
texturing techniques can be selected so as to impart the macro-texture required to achieve
the design friction level.
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This synthesis report will be of interest to pavement design,
construction, management, and research engineers, highway
safety officials, and others concerned with pavement friction
characteristics. It describes the current state of the practice for
evaluating pavement friction characteristics. Information for
the synthesis was collected by surveying U.S., Canadian, and
international transportation agencies, and by conducting a
literature search to gather additional information. This report
of the Transportation Research Board provides information
on wet pavement friction characteristics of new and restored
pavements. It includes information on the methods for
measuring and reporting friction and texture, causes for
friction changes over time, and on the related aspects of
aggregate and mix design to provide adequate friction. A
limited amount of information on the impact of economic and
legal considerations is also included. In addition,
considerations of noise and ride quality are discussed when
compromise may be required. The International Friction
Index (IFI) is included with information on the measuring and
reporting of friction and texture.
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This report presents a project entitled The Evaluation of Safety System
Technologies, which took a "bottom-up" approach to evaluating
advanced safety technology by analysing a small number of specific
systems claiming to have significant safety benefits for intelligent
vehicles. The target population of casualties and cost benefit
information for these systems was estimated using primarily in-depth
accident data and then scaling the results up to national level, while
adjusting for under-reporting. As part of this study, potential casualty
benefits have been evaluated and compared to the likely system fitment
costs for four separate advanced primary safety technologies, as
follows: 1) Advanced Emergency Brake Systems (AEBS) for passenger
cars - AEBS1 - with potential to mitigate/avoid all moving target rear
shunts, but those with stationary targets only if closing speed is 40 mph
or less; AEBS2 - with potential to mitigate/avoid all rear shunt impacts
regardless of whether shunted target vehicle is stationary or not; 2)
Pedestrian capable AEBS for passenger cars - 0.6s/1s/2s systems which
applies full braking 0.6s/1s/2s before a detected, imminent impact with
a pedestrian; 3) Lane Departure Warning Systems for passenger cars;
and 4) Youth/Family key.
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These are the appendices for the report that documents the methods and findings of Task 3
under the project “Crash Warning Interface Metrics (CWIM).” The CWIM project has the
objective of examining the potential advantages and concerns of Advanced Crash Warning
Systems (ACWS), with a particular focus on the driver-vehicle interface (DVI). Task 3
involved new empirical research to address issues of DVI variability for ACWS systems
across vehicles. Two experiments were performed. Experiment 1 addressed whether driver
response to a forward collision warning (FCW) acoustic alert suffered when the participant
switched from a vehicle with one acoustic alert to a different vehicle with a different
acoustic alert. After the alert was switched, participants displayed substantially delayed
brake reaction times, particularly in one direction of shift. This comparison provides some
evidence of a potential negative transfer effect. Experiment 2 investigated whether people
who are unfamiliar with ACWS features were able to identify and comprehend status
displays for a variety of existing ACWS. Overall, individuals were not particularly accurate
in assessing whether an advanced crash warning system was present (more than 40% of
these responses were incorrect), but participants were nonetheless confident in their
responses. A degree of familiarity with an ACWS (from reading owner’s manual materials)
improved comprehension slightly, but there was no finding of a systematic trend toward
either positive or negative transfer. The final section of the report discusses methodological
assessments and implications for each experiment. The appendices include data on negative
transfers, and status display comprehension.
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This report documents the methods and findings of Task 3 under the project “Crash
Warning Interface Metrics (CWIM).” The CWIM project has the objective of examining the
potential advantages and concerns of Advanced Crash Warning Systems (ACWS), with a
particular focus on the driver-vehicle interface (DVI). Task 3 involved new empirical
research to address issues of DVI variability for ACWS systems across vehicles. Two
experiments were performed. Experiment 1 addressed whether driver response to a forward
collision warning (FCW) acoustic alert suffered when the participant switched from a
vehicle with one acoustic alert to a different vehicle with a different acoustic alert. After the
alert was switched, participants displayed substantially delayed brake reaction times,
particularly in one direction of shift. This comparison provides some evidence of a potential
negative transfer effect. Experiment 2 investigated whether people who are unfamiliar with
ACWS features were able to identify and comprehend status displays for a variety of
existing ACWS. Overall, individuals were not particularly accurate in assessing whether an
advanced crash warning system was present (more than 40% of these responses were
incorrect), but participants were nonetheless confident in their responses. A degree of
familiarity with an ACWS (from reading owner’s manual materials) improved
comprehension slightly, but there was no finding of a systematic trend toward either positive
or negative transfer. The final section of the report discusses methodological assessments
and implications for each experiment.
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Driver behavior within the dilemma zone can be a major safety concern
at high-speed signalized intersections. The Nebraska Department of
Roads (DOR) has developed and implemented an actuated advance
warning dilemma zone protection system. This paper investigates the
impact that system has had on safety at high-speed signalized
intersections. The operating algorithm has been designed such that the
system continually monitors an upstream detector, as well as traffic at
the intersection, to predict the onset of the yellow signal indication.
Flashing beacons are used to warn drivers of the impending end of the
green indication. Although these systems have received positive
reviews from the public—and commercial vehicle operators in
particular—there has been no comprehensive analysis of their effect on
safety. The focus of this research was to address this evaluative need
and provide answers about the effectiveness of the Nebraska DOR
system in improving safety. Crash records from before and after the
implementation of the system at 26 intersections were compared. In
addition, 29 control intersections were used to compare crash rates over
time, and a fully Bayesian technique was employed to ensure that no
exogenous variables affected the study. Results of the analysis were
promising (an overall crash reduction rate of 8%) and suggested that the
use of the system should be encouraged as an effective safety treatment
for the dilemma zone problem at high-speed signalized intersections.

TRIS, TRB
11-2561
Print

pp 19-24

Appiah, Justice
jappiah@unl.edu
University of Nebraska, Lincoln

Naik, Bhaven

bnaik 1 @bigred.uni.edu
University of Nebraska, Lincoln

Wojtal, Remigiusz
rwojtal2@unl.edu
University of Nebraska, Lincoln

Rilett, Laurence R
Figures (1) ; References (28) ; Tables (3)



Monograph Title:

Monograph Accession

Number:

Availability:

ISBN:
Publication Date:

Serial:

Index Terms:

Subject Areas:

Traffic Control Devices, Visibility, and Highway—Rail Grade Crossings
2011

01360546

Transportation Research Board Business Office

500 Fifth Street, NW
Washington, DC 20001 USA

Order URL: http://www.trb.org/Main/Blurbs/166471.aspx

Find a library where document is available
Order URL: http://worldcat.org/isbn/9780309167703

9780309167703
20110000

Transportation Research Record: Journal of the Transportation
Research Board

Issue Number: 2250

Publisher: Transportation Research Board

ISSN: 0361-1981

Accident frequency; Accident rates; Advanced traffic management
systems; Amber phase; ATMS; Bayesian approach; Before and after
studies; Dilemma zone; High speed intersections; Nebraska; Signalised
intersections; Signalized intersections; Traffic flow; Traffic safety;
Warning systems; Yellow interval (Traffic signal cycle)

Highways; Operations and Traffic Management; Safety and Human
Factors; 173: Traffic Control; I83: Accidents and the Human Factor

Title:

Accession Number:

Record Type:
Language:

Abstract:

An Examination of the Rural Intersection Collision Avoidance
System

01148232
Component
English

To address the challenges of rural safety, the U.S. Department of
Transportation established the Rural Safety Initiative in February 2008.
One component of the Rural Safety Initiative is the Rural Safety
Innovation Program (RSIP). Through the RSIP, Wisconsin Department
of Transportation is implementing, demonstrating, and validating a new
Rural Intersection Collision Avoidance System (RICAS). RICAS uses
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emerging sensing, computation, and display technologies to provide
real-time warnings to drivers before the conditions which lead to a life
changing crash can develop. This paper examines RICAS in terms of
project goals and objectives, anticipated safety benefits, design,
implementation and evaluation approach.

TRIS Files: TRIS

Media Type: CD-ROM
Pagination: 10p

Authors: Smith, Theodore A

tsmithj@gemu.edu, theodore.smith@mitretek.org

Szymkowski, Rebecca

Phone: 608-266-9381
rebecca.yao@dot.wi.gov
Wisconsin Department of Transportation

Dodge, Linda D
Phone: 202-366-8034

linda.dodge@dot.gov
Research and Innovative Technology Administration

Berg, John H

Phone: 608-829-7515
john.berg@thwa.dot.gov
Federal Highway Administration

Features: Figures; Photos; References (8)
Monograph Title: ITS in Daily Life

Monograph Accession

Number: 01149593

Corporate Authors:  ITS America
1100 17th Street NW, 12th Floor

Washington 20036 USA
Availability: ITS America
1100 17th Street NW, 12th Floor
Washington 20036 USA
Publication Date: 20090000
Conference: 16th ITS World Congress and Exhibition on Intelligent Transport

Systems and Services


mailto:john.berg@fhwa.dot.gov
mailto:linda.dodge@dot.gov
mailto:rebecca.yao@dot.wi.gov
mailto:theodore.smith@mitretek.org
mailto:tsmithj@gmu.edu

Location: Stockholm , Sweden
Date: 20090921 - 20090925
Sponsors: ITS America; ERTICO; ITS Japan

Index Terms: Advanced technology; Collision avoidance systems; Cross roads;
Intersections; Junctions (Traffic); Low volume roads; Real time
information; Rural highways; Technological innovations; Traffic
safety; Warning systems

Subject Areas: Highways; Safety and Human Factors; 185: Safety Devices used in
Transport Infrastructure

Title: Implementation of Advance Warning of End of Green System
(AWEGS): Implementation Report

Accession Number: 01140587

Record Type: Monograph

Language: English

Record URL: http://tti.tamu.edu/documents/5-5113-01-1.pdf

Record URL: http://ntl.bts.gov/1ib/31000/31100/31132/5-5113-01-1.pdf
Abstract: The objective of this implementation project was to implement four

Advance Warning of End of Green Systems (AWEGS) across Texas at
intersections appropriate for the installation of AWEGS. After a survey
across Texas, four sites were chosen in the Atlanta District, Pharr
District, Odessa District, and San Antonio District. The AWEGS design
plans were prepared for these four sites and submitted to the districts.
These plans were prepared for an intersection with high-speed
approaches having the required dilemma zone detection design. The
Atlanta District implementation was typical of the earlier
implementation and used the TS 2 TS 1 conversion panel. However, the
remaining implementations were configured for using enhanced bus
interface units (BIUs). AWEGS software was also modified to account
for rail preemption as the site in Odessa District was being preempted
by between 15 to 25 trains per day. Finally, the implementation in San
Antonio District was redesigned to use radar detection for both
dilemma zone and advance detection. AWEGS at the Atlanta, Pharr,
and Odessa Districts have been implemented and an evaluation of the
system showed that AWEGS was performing satisfactorily at all sites.
TTI researchers are awaiting the San Antonio District to install the
radar detectors to implement the system there.
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This paper describes an ongoing research project on safety
countermeasures for preventing left-turn crossing-path collisions at
signalized intersections. The author reports an update on the research
activities especially on field data collection, where a combination of
sensing technologies are deployed to detect and measure traffic conflict
scenarios that are possible situations for offering warnings to the
drivers. This is an ongoing study from earlier investigations when a
methodology was developed to extract scenario-specific parameters of
interests. An enhanced set of sensing devices are combined and used to
acquire more accurate and informative data for the developments of
warning algorithms. The author hopes that data from this study will
provide valuable inputs for the implementation of intersection safety
countermeasures.
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Lane Departure Warning (LDW) Systems assist drivers in keeping their
lanes by warning drivers when their vehicle is in danger of leaving the
lane unintentionally (mainly due to lack of attention). Current systems
use either and audible beep or a rumble strips noise, which mimics the
sound made when the Tire runs over a lane divider. A supplement to
the LDW system is the Lane Change Assistant (LCA) system. This
assists drivers intending to change lanes. The lane change assistant
monitors the adjacent lanes and warns the driver if another vehicle is
likely to come within colliding distance during the lane change. This
occurs for example, if the other vehicle is located in the LCA equipped
vehicles blind spot. Presently the system would warn the driver of a
such a problem with e.g. a red flashing side mirror. Later on, a system
with feedback in the steering wheel could be introduced. The LCA
requires predictive sensors to scan the surrounding vehicles. A recent
study for the Commission (DG TREN) indicated that combined LDW
and LCA systems could reduce the risk and severity of head-on and
side collisions and accidents where the vehicle departs from the
roadway altogether. The study estimated that EU implementation could
save 3,941 lives in 2010 and 5,491 lives in 2020, when all vehicles in
had been installed with the required equipment. In addition, two sub-
projects under the Commissions PREVENT project (SAFELANE and
LATERALSAFE) have been examining LDW and LCA concepts. It is
understood that current LCA systems are designed only to sense other
vehicles. However, the benefits of such systems could be significantly
enhanced if pedestrians and cyclists could also be detected. All current
heavy goods vehicles are required to be fitted with a range of mirrors
giving various fields of view around the vehicle. Cameras are also
allowed as alternatives in certain areas. However, these systems have
their limitations and the information presented to the driver can be
confusing (images are often distorted due to the convexity of the
mirrors, and it may be difficult for the driver to process simultaneously
information from mirrors and cameras positioned or focused upon
various parts of the vehicle). The use of an advanced LCA system could
offer the driver integrated information on the positional relationship
between his vehicle and other road users. It is also possible that the
replacement of conventional mirrors could yield savings in fuel
consumption and hence CO2 emissions.
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This article reports on a study of the forecasting and evaluation of
traffic safety projects in the Netherlands, focusing on driving assistance
systems and road infrastructure measures. The authors examine the use
of a one-variable first-order grey model (GM(1,1)), to model and
forecast the trend of the level of cumulative traffic accident severity for
strategic scenarios. The scenarios include implementation of driving
assistance systems, physical infrastructure redesign, and combinations
of the two categories of measures. The accident severity levels (in
terms of fatalities and hospitalizations) of five scenarios for the period
2003-2007 are analyzed and modeled. The five scenarios are
implementation of infrastructure redesign program; driving assistance
systems by market-pull; driving assistance systems by policy-push and
market-pull; combination of partial DVA (Duurzaam Veilige
Infrastructuur, which means Sustainably Safe Infrastructure) and
driving systems by market pull; and a combination of partial DVI and
driving systems by policy-push and market-pull. In addition, the trend



TRIS Files:
Media Type:
Pagination:

Authors:

Features:
Publication Date:

Serial:

Index Terms:

Subject Areas:

of fatalities and hospitalizations for each scenario for the years 2008
until 2010 is forecasted. For further policy evaluation, the costs of each
scenario (for the years 2003-2010) are estimated. Driving assistance
systems can include speed assistance, navigation, and lane departure
warning. The authors conclude that although further implementation of
DVI programs may improve traffic safety, they are not cost-effective
due to the large investment needed. The scenarios based on application
of driving assistance systems are very appealing for enhancing road
traffic safety and are much more cost-effective than the combination
scenarios. None of the scenarios would achieve the ambitious Dutch
policy targets of reduction of fatality and hospitalization levels for
2010.
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This paper presents the main results of a research project that was
conducted at Madrid Polytechnic University to assess the potential of
effectively reducing accident rates in adverse conditions by deploying
Intelligent Transportation Systems (ITS). Traffic accidents that had
occurred in the Spanish National System in adverse weather conditions
during a 5-year period were studied to identify road sections with an
accident record that justified the implementation of specific
countermeasures. American and European experience in applying Road
Weather Information Systems (RWIS) and Advanced Adverse Weather
Motorist Warning Systems (AAWWS) were analyzed prior to the
development of three pilot tests for the deployment of AAWWS at
three Spanish network sites. These tests where complemented with an
in-depth study of a sample of 259 adverse conditions injury crashes.
The results were used to provide an estimation of the crash reduction
attainable by the deployment of these systems in Spain. The research
showed that the annual savings in social costs of traffic crashes would
exceed the total investment needed to deploy the systems.
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http://tti.tamu.edu/documents/0-5113-1.pdf

The objective of this project was to make improvements to the Advance
Warning of End of Green System (AWEGS). These improvements
have enhanced the operation of AWEGS as well as have made the
implementation of AWEGS much simpler. The enhancements include
reducing false actuations, accounting for detector failures, detecting and
treating queues, improving the visibility of the AWEGS sign, and
making numerous modifications to the AWEGS interface. The
improvements to AWEGS have made a significant improvement in the
implementation of AWEGS at new locations. These improvements
were implemented at existing AWEGS sites and at a new location in
College Station, Texas. However, the advance warning at the College
Station location is higher than expected at times. This basically means
that sometimes the controller is not gapping out after AWEGS
predicted that it would. Analysis of the data has shown that this is
primarily due to the high volumes on the arterial approaches at the
College Station site. These results have illustrated that the volumes
have an impact on the operation of AWEGS and should be considered
in the selection of future AWEGS sites. From the data collected from
all AWEGS locations, it appears that AWEGS would function very
well when the average daily traffic (ADT) at the intersection is below
15,000 vehicles. Above those volumes, the advance warning times can
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be higher than expected. A higher advance warning is not harmful.
However, if it happens frequently, it can give rise to some confusion in
the motorists.
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This report documents the findings of R & D Project 953, to evaluate
the potential of an automated warning system for improving risk
management of potential roadside slip sites. The aim of the project was
to assess usefulness and suitability of simple electronic warning
systems for this purpose in the VicRoads environment. A rockfall
warning system was set up at a coastal location in south western
Victoria as a trial system and has been functioning satisfactorily. The
long term usefulness of this system will be assessed after operation over
a seasonal cycle. The system design is sufficiently flexible that it can be
readily adapted to suit other similar applications. (a)
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Rail crossing collisions, while experiencing a reduction in the past
decade, still continue to occur in California. This project examined
different methods of improving commercial off-the-shelf (COTS) in-
pavement warning signals and their suitability for use at grade
crossings. This project focused on the modification of a commercially
available in-pavement warning signal that was originally designed to
indicate the presence of pedestrians in a crosswalk. The project
proposed using a similar device to provide warning to vehicles
approaching a railroad grade crossing. A variety of illumination patterns
were tested in order to provide an optimal implementation of such a
warning device. Laboratory tests demonstrated an improvement in
visual response, as evidenced by a lowered reaction time, to a pattern
incorporating alternating groups of spatially-separated flashed LEDs in
order to stimulate perception of movement. Researchers also completed
preparations, including installation, for a future field test to study
vehicle behavior in the presence of embedded warning lights
incorporating this modified firing pattern.
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Stopped traffic on freeways poses safety and operational concerns to
drivers, transportation agencies, construction and maintenance
contractors, and enforcement and emergency service personnel. Safety
issues relate to driver ability to make gradual transitions from freeway
speeds to stopped conditions without erratic maneuvers or crashes.
Operational concerns relate to the reliability and predictability of the
freeway network. The primary type of multi-vehicle crash on a freeway
facility is the rear-end collision, comprising over 50% of freeway
crashes by some research findings, caused generally due to normal
speed traffic encountering stopped traffic on the main lanes or ramps.
Drivers frequently have minimal or no warning about downstream
queuing, and information given on static signs is difficult to keep
current with rapidly fluctuating queues in congested areas. Stopped
traffic on the freeway may be due to a multitude of causes. This
research project evaluated issues relating to stopped or very slow traffic
due to three major causes: recurrent traffic congestion due to over-
capacity conditions during peak periods, congestion due to construction
and maintenance work zones, and congestion due to incidents such as
crashes. In the first phase of this project, the research team conducted a
literature review to determine current practices for advance warning for
stopped traffic, observed field locations with traffic stopped due to
various conditions, and determined advance warning techniques
applicable to Texas. Report 4413-1 presents this information. In the
second phase of this project, researchers tested two advance warning
techniques using static warning signs on Dallas area freeways. The
research team synthesized the field test results and developed
recommendations for further research and ways to improve the signing.
This information is presented in this report. Many factors remain to be



addressed in future research; however, observations conducted in this
project can provide guidance to those testing and implementing
operating systems for advance warning of slow/stopped traftic on
freeways.

Supplemental Notes:  Project Title: Advance Warning of Stopped Traffic.
TRIS Files: TRIS

Report Numbers: FHWA/TX-05/0-4413-2
Technical Report 0-4413-2

Contract Numbers: Project No. 0-4413

Media Type: Print
Pagination: 64p
Authors: Wiles, Poonam B

Phone: (817) 462-0524

Fax: (817) 461-1239
p-wiles@tamu.edu

Texas Transportation Institute

Cooner, Scott A
Phone: 817-277-5503
Fax: 817-461-1239
s-cooner@tamu.edu
Texas Transportation Institute

Rathod, Yatin
Wallace, Diana G

Features: Appendices (1) ; Figures; Photos; Tables

Corporate Authors:  Texas Transportation Institute

Texas A&M University System, 3135 TAMU
College Station, TX 77843-3135 USA

Texas Department of Transportation

Research and Technology Implementation Office, P.O. Box 5080
Austin, TX 78763-5080 USA

Federal Highway Administration

1200 New Jersey Avenue, SE
Washington, DC 20590 USA

Availability: National Technical Information Service
5301 Shawnee Road


mailto:s-cooner@tamu.edu
mailto:p-wiles@tamu.edu

Publication Date:
Period Covered:

Index Terms:

Alexandria, VA 22312 USA

20050300
September 2001-August 2004

Advance warning; Car truck accidents; Controlled access highways;
Dallas (Texas); Field studies; Freeways; Future; Gridlock (Traffic);
Highway accidents; Motorways; Multiple car accidents; Multiple
vehicle accidents; Peak hour traffic; Rear end collisions;
Recommendations; Research; Rush hour; Stopped traffic; Traffic
accidents; Traffic congestion; Traffic incidents; Traffic queuing;
Warning signs; Work zones

Subject Areas: Highways; Operations and Traffic Management; Research; Safety and
Human Factors; 173: Traffic Control; 180: Accident Studies
Title: ACTIVE WARNING SYSTEMS: SYNTHESIS

Accession Number:

Record Type:
Language:

Abstract:

TRIS Files:
Pagination:

Authors:

00987490
Component
English

Active warning systems are traffic control devices consisting of
variable signs or flashing beacons with conventional warning signs,
which are activated by sensors detecting real-time roadway,
environmental, and operational hazards. Currently most active warning
systems detect and warn drivers of variable weather or pavement
conditions, high-risk vehicle operating speeds, or the presence of
intermittent hazards such as other vehicles, pedestrians, or wild
animals. Within the Intelligent Transportation Systems framework,
active warning systems applications detect these and other variable
hazards and communicate these warnings directly to the vehicle or
operator. Because most active warning systems are relatively recent,
limited long-term system performance data are available. Testing and
evaluation of active warning signs should continue to more firmly
establish their benefits to highway safety and traffic operations. This
paper provides an overview of available active warning systems and
discusses their implementation requirements and potential benefits
based on results and recommendations from evaluation studies.
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Abstract:  Until this new guide was released, no set practice or uniform guide for the application
and implementation of Advanced Warning Flashers (AWFs) existed in Canada. As a
result, there was a wide range of practice in the use of AWFs across the country. TAC
was interested in consolidating the best available knowledge and developing a national
guideline for the application and installation of AWFs. TAC's new publication,
Advance Warning Flashers: Guidelines for Application and Installation, presents the
results of the process to develop these new guidelines. Users should note, however, that
the report focuses on dynamic systems interconnected to traffic signal operations and
does not include continuously flashing signs or beacons.
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There is significant interest among traffic management personnel in the
use of automated warning systems to provide drivers with real-time
information on hazardous conditions related to traffic, limited visibility,
or roadway obstructions. However, the effectiveness of such systems in
achieving desired traffic safety improvements has not yet been well
quantified. Relative influences on traffic safety can be assessed in many
ways, and overall conclusions must be based on an appropriate set of
metrics and methodologies for a particular implementation. This work,
supported by the California Office of Traffic Safety and the California
Department of Transportation (Caltrans), builds on prior research to
develop, deploy, and test various metrics and methods to evaluate a
large-scale real-time driver warning system, the Caltrans automated
warning system, installed on Interstate 5 and State Route 120 near
Stockton, California. Methods include the analysis of historical
accident data over an 11-year period, a direct assessment of the
operational behavior of the system correlated with accident data, and a
study of the direct effects of real-time warning messages on driver
behavior. Instrumentation deployed to facilitate these detailed analyses
is described. The resultant body of data supports the correlation of
measurable traffic flow parameters with relative traffic safety.
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Appendix C: Presentations from IFSTTAR in a CalFrance Meeting in March 2012.
Two presentations on Fog Detection Monitoring and Roadway Generation 5 are attached.
The related publications can be downloaded from the weblink below.

http://perso.lcpc.fr/hautiere.nicolas/publications.html
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7)), IFSTTAR

Fog Monitoring by Highway
Cameras

N. Hautiere, E. Dumont, D. Aubert



Historical Perspective

2001-now: fog detection by in-vehicle camera

2006-now: fog detection by highway cameras
— 2006-2010: fog detection for road safety (SAFESPOT Project)
— 2008-now: fog monitoring for transportation safety and efficiency

CalFrance 2009: submission of a joint PATH (J. Misener,
T. Kuhn, J. Sullivan) - LCPC (N. Hautiere, E. Dumont, D.
Aubert) proposal “Reliable Fog Monitoring With
Conventional Roadside Cameras” rejected due to
misunderstanding of the technology

To try solving this issue, we published our work at TRB
2011 with the help of J. Misener
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I-1 - Background

In the presence of fog or mist, visibility is reduced. It is a
source of paralysis for transport. Accidents are more
numerous and more serious, e.g. Tule fog in California,

Multinational problem : 700 annual fog-related fatalities in
the USA and 100 in France,

Airports are equipped with expensive and rare instruments
to measure visibility (10.000 $§J,

IFSTTAR seeks to exploit the thousands of CCTV low cost
cameras (500 $) already installed along highway networks to
estimate the visibility and inform road users on speed
limitation,

National weather agencies, like METEO-FRANCE, seek to
integrate these information in their forecast models to
predict accurately fog episodes.

Dense fog Haze and mist
Transportation Weather observations
safety

Tab: Application vs. Range of visibility
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Outline

® Background
— Physics of visibility
— Related works
® Proposed method
— Test site instrumentation
— A robust visibility descriptor
— A method to select diffuse surfaces in a scene
— A novel visibility estimator
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[T -1- Physics of visibility:
Vision through the atmospher

® the extinction factor «k»
depends on the size and
density of water droplets.

Li%t scattering

N
el N
o)
e |

. ot el - Camera
Y < , >
/ Distance «d » /

®_ [ uminance of an objet

L

®. Atmospheric extinction ‘
|[Koschmieder, 1924]

® Atmosphéric Airlight
3/15
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rsics of visibility: Meteorological visibility

® Duntley [Middleton, 1958] gives a law of contrast attenuation in the scene:

L —-L,
L

S

® V, . corresponds to the distance at which a black object L, = 0 on the
horizon sky of suitable size can be seen with a contrast of 5%.

® Vv, can be estimated by:

- An optical device
- A camera

4/15
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- Optical measurement of the visibility

A
- A

Emitter .
. P A - \iecewer ® The transmissometer estimates
> > @  the extinction of a light beam
A - |7 durine ;
uring its path,
RUREEE WY
Fig: diagram operating principle ® The scatterometer estimates the
of a transmissometer amount of light intensity scattered
by the atmosphere at a specific
angle,
/ /' v B
T -
A > ® High cost (higher than 10,000 $)
\\A\A
R ® 10% measurement error over a
@ range of 0 - 50km

Fig: diagram operating principle
of a scatterometer
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4- Camera-based methods for visibility measurement

® Visibility over several miles : ® Highway visibility : 0-400 m
Correlation between features in the Accuracy of the method <10 %.
image and V. .

USA : Clarus project (FHWA-MIT) -EUROPE: Integrated Project SafeSpot
|Hallowell, 2007 [Hautiere et al., 2008]

- Detectiion of contrasts higher than 5%

- Estimators from all image features
- Computes inflection point of Koschmieder’s

- Decision using fuzzy logique
- Four classes of visibility (1km - Skm - 10km) law

= N
-
-

F MLl
JAPAN : frequency features (WIPS)
[Hagiwara et al., 2006] - Assumes a flat road
- Accurate camera calibration needed
Poor visibility identification
Correlation with real data: 0.86
e an accurate

on over several miles
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III -1- Test site iInstrumentation

Test site of Meteo-France

® Scatterometer Degreane DF320 (O to
35km)

® [uminancemeter LU320 (O to 10,000
cd.m-2)

® [Installing a camera

640 x 480
8 bits / pixel

® Matching weather data with the

Fig: Images with different lighting conditions, :
images

presence of shadows and cloudy conditions,

-

x 10

Meteorological visibiity [m]

1000 2000 3000 4000 8] 1000 2000 3000 4000
Time [minutes] Time [minutes]

o

Fig: Variations in the luminance and visibility for 3 days of observation.
Fig: Luminancemeter
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[T -2- State of the Art:
Correlation between the gradient and the visibility

® The gradient of intensity is
computed for each pixel: it is
the variation from black to
white

® The image gradient comes from :
Fig : Original image: Fig: Gradient in the - Depth discontinuities:

good visibility image : good visibility - Discontinuities in surfaces
orientation,

- Changes in material properties,
- Illumination variations.

Fig : Gradient in the
image : visibility is

reduced by fog 9/15

Fig : Original image:
visibility is reduced

by fog
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[IT -3- First proposal: A robust visibility descriptor

In diffuse surfaces of the scene: _
- The contrast is

invariant with
illumination

e Jo J o e E
varia 1£“Is, P

: — E
—Feis l&ps—eﬁpzeséed
only 4s a funcgjon of

metearologic:

visibility.
® At distance «d» and for a
visibility «V»:
LZ ~ Ll -k.d
Co=———=(p2-py1)e
Ly

Any behavior

d sampl
Diffuse Specular (road samples)

Wooay poard (gl(ZSS)
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[11-4-Second proposal: Selecting diffuse surfaces in the
scene

® The temporal correlation is
computed between :
- The global illumination
given by the luminance-
meter and
- The intensity of a pixel.
® [t is the confidence that this
pixel belongs to a diffuse
surface of the scene.

P = corr(L; ;,L

»J

scene )

J?2

® We do not assume that all surfaces have a diffuse behavior,

but we select them in the image.
11/15
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Fig : Gradient of the image Fig : Confidence map

® The proposed visibility estimator is the weighted sum of normalized gradients %
® The weight is the confidence P; of each pixel to behave as a Lambertian surface
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[V -2- Experimental validation

4 (b) 4 (a)
6x10 2.8X1O
¥ o ” 3
26 fa* ¥ *m#ﬁ%@:ﬁ:ﬁ* *
5 S +* Tr *x £ &% *
#y * %{ * *% sk F ¥
24F L. axr
4r £y H w™
2.2

Sum of gradients
w

N
r*

>
T
0y
™~
M
M

fmm of contrasts taken on Lambertian surfaces
(¥

1.8f
5 w H
{33 %
i E G, ; ])l
0 . i=0 j=0 14 i=0 j=0 oo
0 5000 10000 1 500 0 5000 1 QOOO ' 15000
Meteorological visibility distance (m) Meteorological visibility distance (m)
Fig : State of the art Fig : Proposed visibility estimator

® Our estimator has a more accurate response with
respect to illumination variations and is a more
reproducible measurement of visibility.
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o Data are fitted with a logarithmic empirical model

E' = A+ B.log(V)

Our visibility estimator

! !
0 5000 10000 15000

Reference meteorological visibility distance (m)

® The model is inverted and relative errors are computed

Application fog haze Air quality Correlation
Range of visibility 0-1km 1-5 km 5-15 km R?
Mean relative error 25 % 26 % 33 % 0.95
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V -Conclusion

® We propose a method which links the meteorological visibility to the sum
of gradients taken on the Lambertian surfaces.

® We show that this estimator is robust to illumination variations on
experimental data,

®  This work has given both a fundamental and practical basis to consider
deployment of our potentially life-saving real-time roadside visibilitymeter.

® Ourmethod is easily deployable using the camera network already installed
alongside highways throughout the world and therefore of high impact to
traffic safety at marginal cost.

®  Once deployed, our concept should increase the quality and the spatial
accuracy of the visibility information :

—  can feed into weather forecasting systems.
—  can inform drivers with speed limits under low visibility conditions.
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What did we do since TRB 20117

1. We proposed a model-driven approach instead of a data-driven one:

Babari, R., Hautiere, N., Dumont, E., Brémond, R. and Paparoditis, N. A
Model-Driven approach to estimate atmospheric visibility with ordinary
cameras. In Atmospheric Environment, 45 (30): 5316-5324, 2011.

2. We developed further the potential applications:

Babari, R., Hautiere, N., Dumont, E., Paparoditis, N. and Misener, J.
Visibility Monitoring using Conventional Roadside Cameras - Emerging
Applications. In Transportation Research Part C, 22: 17-28, 2012.
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The Decentralized Fog-Pilot
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Our idea for further cooperation

* Develop a test bed in a California Valley
subject to fog:

— To collect data (image, visibility, traffic)

— Validate the camera-based enabling
technology

— Develop a low cost “"decentralized fog pilot”



BN e B BRI
a #EENS . INTERNATIONAL T
™ RO AD CONGRESS @@T@ INTERNATIONAL ROAD FEDERATION

2 U | FEDERATION ROUTIERE INTERNATIONALE
Innovation in Road Infrastructure <Nz

S B

, Innovating in Road
| Infrastructures with R5G —

The 5t Generation Road
Nicolas Hautiere — IFSTTAR, France

Chantal De La Roche — IFSTTAR, France

MOSCOW, RUSSIA 22-24 NOVEMBER 2011




INTERNATIONAL

I

([ s ROAD CONGRESS
%

Need for R5G in France

 The current image of road transport
— Bad image
— Environmental cost too high
— Excluded from greening politics

* Innovation in road transport

— Numerous innovations are available in labs

s
.
B W \ VR
y N

— Lack of risk taking by public authorities (at least notional ones)

* Technological transfer and industrialization
— Need for full scale test beds
— ldentification of implementation tools
— Renewal of research thematics
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Benefits of R5G

e Maintain the RAMS of road networks

— Modal shift to guided transport
— However, the road network must remain the same

* Reinforce industrial leaderships
— Reduce social dumping

— Design of new business models

* Reaching societal objectives
— Reduction of carbon footprint of roads
— Creation of new jobs

— Renewal of education programs

Page 01 from 17 Innovating in Road Infrastructures with R5G The 5th Generation Road
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FOREVER OPEN ROAD PRV
T il

* Gather existing ideas and provide a solution which fulfills
our future needs:

— The adaptable road
— The automated road
— The climate change resilient road
« A concept which will...
— Be adapted to future transport demand
— Provide a low cost automated transport

— Produce substantial benefits

* Be Forever Open

&\@U@Winner of the 2011 Road Design and Construction prize — World Road Congress
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:'RJ The Adaptable Road

Porous, low noise Adaptable to freight Flexible, durable surface, self In-built sensors for traffic
surfacing, light reflecting transport communications, repairing/self-cleaning and monitoring/control and
for night time driving. location and monitoring instant crack repair, condition monitoring,
requirements.
\ ’ In-built lane
controlivehicle
guidance.

In-built power
system for
electric vehicles.,

Energy harvesting
grid and storage/use
\ of solar energy to

Removable/self-cleaning = \ lighti
\ \,  power lighting,

drainage reservoirs feeding
carbon capture planting.

\

signs and sensors,
\\A

Low carbon sub-base In-built system for
and pavement, replacing and adding
communication/power lanesﬁn_frasu}xtute,
channels for lane control, Pre-fabricated inter-locking, eg barriers, signs and
traffic monitoring, driver sub-base with integrated RN,

infermation and condition drainage, services and

maonitoring. communications channels.

Adaptablefremovable



The Automated Road

Satellite and radio N - Integrated asset
communications for b, management
road Infrastructure, ~ communications and
drivers and network tolling system.
control,
In-pavement
demand responsive
-~ Between vehicle sensors LED speed and
/" and communication guidance systems for
gl systems (public/private vehicle to highway
: transport). cooperation and
network

management.

In-pavement
sensors for traffic
control, vehicle

to highway

communications,

condition‘weather

and pollution

monitoring, ¥
. Adaptable
Inter-operable in-vehicle inter-operable

communications and guidance
system to provide drivers with
direction, weather, hazard and

communication and
power system for
lane control, vehicle

messaging information. guidance, traffic
monitoring, driver

In-vehicle sensors to provide vehicle 1 Facilitation of information and

location, performance information platooning of condition

and incident management. vehicles. monitoring.



w The Resilient Road

Planting and soil
stabilisation for storm
water protection.

Pavement to building heat
exchange for resilience to
extreme weather.

Integrated road
de-icing system.

Drainage system
and reservoirs
for storm control

and water
management. \
Demand and
. condition
\ responsive traffic

\ control for extreme

In-vehicle weather,
incident warning and
Information system.

Geothermal and solar Real time local
energy harvesting for weather forecast

weather.

\ weather conditions.
\

resilience to extreme information system.
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R5G embededd in a strong ,@4(%

European alliance through FOR "?Q,%

st
e Already included in research programs and agendas ‘% A

A
e

R

/\[ )
=

o
|
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R5G - Design, construction and operation of full scale
research demonstrators

* The French project R5G combines the three elements of the Forever Open Road
following a systemic approach, in order to build full scale demonstrators so as to
demonstrate the synergy among them and provide acceptable solutions.

- The 4 elements of R5G
o The adaptable road
o The automated road
o The resilient road
o The acceptable road
 R5G is already successfull
o Industry claims for a R5G label

o SETRA claims for a common message between R5G program, innovations at
early stages, and « Routes et rues » program, mature innovations for public

procurement
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>
Transport

Recycling of mah e Low rolling Modular
Materials ; resistance urban
Cold mixes pavements pavement
., IFSTTAR
P
E’ Mechanical Geothermal Solar
d:) energy energy road
(11
>
et | [} o
E Inductive Eco-traffic ]m t Autonomous
Q charging management e shuttles
o - -
= -
“eCoMove
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Priorities of R5G demonstrators

Urban Periurban TEN-T Local
networks networks networks networks

Low carbon design
and construction

Adaptable
road

Safe and smart Automated
operations road

/ / Resilient
\’_ road
Acceptable
road
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Resilience and
energetic
efficiency

Juridical, social,
individual,
environmental
acceptability
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Innovation Themes

 Human-centered design

* |TS Cooperative Systems

e Active traffic management

* Co-modality and intermodality

* New materials — economy of
natural resources

* Business models

* Accidentology — road safety
* Road as energy provider

* Natural risks

* Environment

* Maintenance

e Modular pavements

The solar road by Mans Tham
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Systemic approach

Needs of road operators
User expectations
Societal objectives

Resilie‘nt road
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> Innovation in Road Infrastructure

R5G Demonstrators under Development

* Energy harvesting by the road (solar, wind, geothermal,
mechanical, chemical, etc.)

* Urban eco-mobility solution to be deployed in eco-
neighborhoods or redesigned city hearts

* High speed automation of motorways on dedicated lanes

» Self-explaining and efficient secondary interurban local
networks

+ 1 dedicated taskforce related to the acceptable road
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[ ]
Implementation

Innovation themes

Needs and Requirements

2010 2013 2014 2018 2020 2025
Proven Solutions R5G Subsystems R5G Demonstrators
Proving

Technological components, physical integration

PIannmg, operation strategies

Acceptablity: juridical, individual, social, environmental

Project team

Best practices
Industrialization deployment
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Conclusion and Perspectives

* The R5G project is building a fully integrated approach of
road transport

* Itis currently developping four full scale demonstrators
which aim at proving the feasibilty and the synergy among
lots of innovations in terms of:

— Design and construction,
— Management and operation including vehicle operations,
— Resilience to climate change,
— Acceptability.
* R5Gis embedded into a strong European alliance, especially

the Forever Open Road program, which is the flagship
program of FEHRL.
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* R5G program managers QUEStionS

nicolas.hautiere@ifsttar.fr

* European affairs: FOR project, iMobility Forum, ERTRAC

* Coordination of the different demonstrators

* Industrial contacts related to road operation
chantal.de-la-roche@ifsttar.fr

* Pilot of the GERI

* Industrial contacts related to road construction

e Contact with ADEME

* Pilot of the demonstrator related to road and energy

e Reference

N. Hautiere, C. De La Roche. “Innovating in Road Infrastructures with R5G —
The 5t Generation Road”. IRF International Congress: Innovation in Road
Infrastructure, Moscow, Russia, November 2011
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	EXECUTIVE SUMMARY 
	EXECUTIVE SUMMARY 
	This report documents the research work conducted under the sponsorship of Caltrans, Contract 65A342-TO006.  This project is sponsored by Caltrans under the CalFrance program, with a focus on monitoring roadway surface conditions for safety and sustainability.  The project was initially proposed and approved in 2009 but was postponed due to some delays in budgetary and contractual processes. It was officially started in October 2011 and ended in March 2012.  The project leads are Dr. Minh-Tan DO of IFSTTAR 
	The French Ministry of Transportation and Caltrans have had a long-lasting cooperation relationship for over ten years.  Under the umbrella of this international collaboration, the two agencies have exchanged information and visits to explore innovative solutions and advanced ideas for improving the mobility and safety performance of transportation systems. Through the direct and close working arrangements with the two ministries, the researchers from IFSTTAR (formerly INRETS and LCPC) and California PATH a
	Toward the goal of reducing collisions while maintaining the integrity and sustainability of roadways, separate projects in both France and California in recent years have been developed to achieve the following objectives: 
	• 
	• 
	• 
	Evaluating the effectiveness of roadway surface improvements, in terms of the reduction in collisions, thus allowing the selection of cost-effective countermeasures; 

	• 
	• 
	Understanding and modeling the deterioration of skid resistance over time, and allowing timely and effective measurement of roadway surface status; 

	• 
	• 
	Exploring alternative collection method of monitoring skid resistance on roadway surface within the framework of cooperative infrastructure and vehicles; 

	• 
	• 
	Developing real-time system of monitoring roadway surface conditions and offering alerts to drivers. 


	The outcomes of such projects have generated or will produce useful tools, from the definition of conceptual framework to the implementation of real-world safety applications, to assist the decision-making process for pavement management as well as to offer safety improvements for the traveling public.  
	In recent and ongoing projects that have been conducted in California and France, significant insights are gained and feasible solutions to tackle the safety issues described above are being developed for monitoring the roadway surface conditions.  This collaborative project is built upon the knowledge base gathered from relevant projects in France and California respectively, which will allow synergistic fusion of common ideas that are applicable for both sides.  Yet, researchers can also learn from partne
	vi 
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	research team that can seek support for future joint projects and deliver the benefits for safe driving environment and sustainable infrastructure. 
	Based on the information exchange and idea sharing that were carried out in the project, some selective topic areas have been identified to be the candidate areas where synergies in ongoing and future research activities can be best realized. 
	One such area is the development of real-time estimation of roadway surface parameters.  The goal within this topic area is to develop methodologies to accurately and reliably estimate roadway conditions then utilize the acquired information to implement vehicle-based or infrastructure-based applications.  These applications can provide safety and operation benefits by the implementation of on-board driver assistance and vehicle control functions as well as roadway operation, maintenance and safety manageme
	• 
	• 
	• 
	Provide an updated overview of all European and French research programs on the subject of cooperative vehicles and highways 

	• 
	• 
	Explore up-to-date vehicle safety applications that may rely on similar sensor suites or vehicle platform 

	• 
	• 
	Explore the technical and institutional issues in the future implementation of such concepts and the recommendations for governments and industries to enable expedient developments. 


	Another topic area is safety measures that can be implemented under foggy conditions, which presents a serious safety challenge.  This is a particular concern for the central valley highways in California, such as Highway 99 where historically a number of chain crashes have occurred.   A continuation of this research topic will be to investigate further in depth, through the exchange of information and methodologies between French and California researchers, to 
	• 
	• 
	• 
	Provide an updated overview of all European and French research programs on the subject of roadway conditions and associated driver alert systems 

	• 
	• 
	Explore up-to-date deployment that may rely on similar sensor inputs 

	• 
	• 
	Explore the technical and institutional issues in the future implementation of such concepts and the recommendations for governments and industries to enable expedient developments. 
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	1. Background 
	1. Background 
	1. Background 

	French Ministry of Transportation and Caltrans have had a long-lasting cooperation relationship for over ten years.  Under the umbrella of this international collaboration, the two agencies have exchanged information and visits to explore innovative solutions and advanced ideas for improving the mobility and safety performance of transportation systems. Through the direct and close working arrangements with the two ministries, the researchers from IFSTTAR (formerly INRETS and LCPC) and California PATH at UC
	This project is sponsored by Caltrans in the latest round of CalFrance program, with a focus on monitoring roadway surface conditions for safety and sustainability.  The project was started in October 2011 and ended in March 2012.  The project leads are Dr. Minh-Tan DO of IFSTTAR and Dr. Ching-Yao Chan of California PATH.  This report documents the literature summary, idea exchange and potential future endeavors that are parts of the joint project. 

	2. Motivation and Objectives 
	2. Motivation and Objectives 
	Toward the goal of reducing collisions while maintaining the integrity and sustainability of roadways, separate projects in both France and California in recent years have been developed to achieve the following objectives: 
	• 
	• 
	• 
	Evaluating the effectiveness of roadway surface improvements, in terms of the reduction in collisions, thus allowing the selection of cost-effective countermeasures; 

	• 
	• 
	Understanding and modeling the deterioration of skid resistance over time, and allowing timely and effective measurement of roadway surface status; 

	• 
	• 
	Exploring alternative collection method of monitoring skid resistance on roadway surface within the framework of cooperative infrastructure and vehicles; 

	• 
	• 
	Developing real-time system of monitoring roadway surface conditions and offering alerts to drivers. 


	The outcomes of such projects have generated or will produce useful tools, from the definition of conceptual framework to the implementation of real-world safety applications, to assist the decision-making process for pavement management as well as to offer safety improvements for the traveling public.  
	In recent and ongoing projects that are conducted in California and France, significant insights are gained and feasible solutions to tackle the safety issues described above are being developed for monitoring the roadway surface conditions.  This collaborative project is built upon the knowledge base gathered from relevant projects in France and California respectively, which will allow synergistic fusion of common ideas that are applicable for both sides.  Yet, researchers can also learn from partners abo
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	team that can seek support for future joint projects and deliver the benefits for safe driving environment and sustainable infrastructure. 
	2.1. Research Needs and Objectives of Projects Conducted at California PATH 
	2.1. Research Needs and Objectives of Projects Conducted at California PATH 
	Several relevant research projects were recently carried out in California and the research team sought to achieve the following main objectives: 
	• 
	• 
	• 
	Identify and analyze before-and-after historical collision data at the operational test sites where new types of pavements have been installed in order to quantify the effectiveness of the safety performance of similar pavement improvements. 

	• 
	• 
	Evaluate and analyze skid test results, from the test data inventory collected by Pavement Field Testing Branch (PFTB) at the Caltrans Sacramento Laboratory, to investigate and model the effects of environmental and traffic attributes on skid resistance, and furthermore to propose efficient data collection protocols.   

	• 
	• 
	Explore innovative ways of monitoring and measuring roadway surface conditions with the concept of cooperative vehicles and infrastructure. 



	2.2. Research Needs and Objectives of Projects Conducted at LCPC, France 
	2.2. Research Needs and Objectives of Projects Conducted at LCPC, France 
	In recent years, researches carried out at LCPC in the skid resistance area aimed at: 
	• 
	• 
	• 
	getting a better understanding and modeling the tire/wet road friction and its evolution over time; 

	• 
	• 
	developing tools to detect “black spots” on itineraries; 

	• 
	• 
	informing drivers about road conditions, mainly under adverse weather conditions; 

	• 
	• 
	proposing approaches to move towards a harmonization of skid resistance measurement methods. 



	2.3. Main objectives of Collaboration between LCPC and California PATH 
	2.3. Main objectives of Collaboration between LCPC and California PATH 
	This project is aimed at leveraging and cross-fertilizing the developments in France and California with data and information exchange, lessons learned and a plan for the future.  The proposed work is intended to promote the advancements of research ideas through the long-lasting and continuing cooperation between LCPC and PATH.  
	The project is intended to result in the proliferation and expansion of synergistic projects in France and California that have potentials to improve driving environment and sustainable infrastructure. The cooperation involves: 
	• 
	• 
	• 
	Direct exchange between the French and California partnering researchers to identify common objectives and to set up the detailed program 

	• 
	• 
	“State of the art” studies or scans of existing technologies and projects 

	• 
	• 
	A common report, introducing recommendation and to the extent possible, identified commonalities for the next phases, will be developed and delivered. 

	• 
	• 
	Leveraging knowledge base in ongoing respective studies toward the formation of partnerships for follow-up joint projects. 
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	3. Research Plan and Tasks 
	3. Research Plan and Tasks 
	The scientific and technical aspects that are explored in the project are centered on roadway surface monitoring and management, with emphases on two fronts: one on effectiveness of pavement countermeasures and the other on skid resistance monitoring and maintenance. Specific questions which we address in the project are aimed at leveraging, research and expertise of participants to understand and develop a unified and powerful concept of operations to the following set of problems: 
	• 
	• 
	• 
	What is the specific problem to be solved with respect to roadway surface monitoring and maintenance? 

	• 
	• 
	What relevant information needs to be captured to support the deployment of effective countermeasures? 

	• 
	• 
	How do we measure the effectiveness of pavement improvement projects? 

	• 
	• 
	How can the measures for safety performance of pavements be built into the pavement management system? 

	• 
	• 
	How is the relevant information for monitoring roadway surface characteristics? 

	• 
	• 
	What are the standards of characterizing roadway surface and how can they be homogenized among different regions or countries? 

	• 
	• 
	How do the performing characteristics of roadway surface deteriorate over time? 

	• 
	• 
	What primary factors are responsible for resulting in the variation of kid resistance on roadway surface? 

	• 
	• 
	How can the monitoring of roadway surface be efficiently managed? 


	Task 1: Information Exchange, Literature Review and Documentation of Knowledge Base 
	The program began with a preliminary phase, devoted to identify common objectives and perform a literature review of “state of the art” in both France and Europe, and California and US. Identification of practices through a combined and pragmatic survey would include developments in Europe and the United States.  The focus of the literature search is the scope of the proposed wet roadway surface and skid resistance issues.  
	Task 2: Identification of System Performance Measures, Effective Solutions, and Implementation Guidelines 
	The joint proposal aims at deriving from the knowledge base from both Europe and US to form a comprehensive set of performance measures and effective solutions.  Note that distinctive features in the suggested solutions may exist due to the differences in societal background and governmental regulations.  However, the practices adopted or developed in both sides can offer considerable insights on the common issues and challenges.  This task consists of an important step to develop and document common method
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	Task 3: Refine and Verify Methodologies 
	Task 3: Refine and Verify Methodologies 
	This task involves the usage of methodologies developed by both sides.  Data are shared between the partners, and methods or approaches of analysis are mutually verified at either side.  Through this cross evaluation, the methodologies can be evaluated and further refined. 
	Task 4: Development of Synergistic Work Plan for Potential Joint Projects 
	The last task will be the exploration of common interest and the identification of research and deployment plans that are based on the proposed methodologies in France and California.  A work plan will be developed based on the system to be proposed to potential funding agencies to support the deployment at selective test sites. Importantly, plans, methodologies used and lessons learned will be brought forward to have the concepts and tools as close to being deployable as possible.  

	Addendum Note on Tasks and Project Deliverables 
	Addendum Note on Tasks and Project Deliverables 
	This project started in late 2011 with a significant delay on the Caltrans side, due to various budgetary and contractual issues, after the initial approval by the France and Caltrans reviewed process in 2009.  Due to the delay, the French partners had to suspend their project. After the project was officially started in Caltrans, the French researchers had to re-establish the contract and to recruit new personnel to participate in the project.  Furthermore, there had been plans in the original proposals fo
	Therefore, the report contents is somewhat lacking with inputs from the French collaborators, because they are still in the process of re-start the project.  This report can be updated when more inputs are received from IFSTTAR. 


	4. Literature Review Summary 
	4. Literature Review Summary 
	The literature review was carried out with several topic areas of previous studies, including: 
	-Roadway surface modeling 
	-Surface treatment effectiveness 
	-Surface treatment before and after effects 
	-Roadway condition warning systems 
	-Driver warning 
	-Driver warning 

	-Driver warning based on Vehicle-infrastructure cooperation 
	A summary of literature and state-of-the-art practices are given in the following sub-sections, while the full synopsis of each literature is given in the Appendix A. 
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	4.1. Roadway Surface Modeling and Measurement 
	4.1. Roadway Surface Modeling and Measurement 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	4.1.1Tire/Road Estimation and Modeling 
	4.1.1Tire/Road Estimation and Modeling 
	-Application of Drag Coefficients to ABS Related Sideslip (2007) -Environmental effects on Pacejka’s scaling factors (2006) -GPS Based Real-Time Tire-Road Friction Coefficient Identification (2004) -Model-Based Road Friction Estimation (2004) -An Optimal Pole-matching Observer Design for Estimating Tyre-road Friction Force 
	(2010) -Use of an Extended Kalman Filter as a Robust Tyre Force Estimator (2006) -Vehicle and Road State Estimation Using Interacting Multiple Model Approach (2006) -Estimation of Contact Forces and Road Profile Using High-Order Sliding Modes (2010) -Online Estimation of Friction Coefficients of Winter Road Surfaces Using the Unscented 
	Kalman Filter (2007) 

	4.1.2 Roadway Surface and Crash Safety 
	4.1.2 Roadway Surface and Crash Safety 
	-A probability-based approach for assessing the relationship between road crashes and 
	road surface conditions (2007) -A quantitative model of road-surface safety (2011) -Relationship between Pavement Surface Characteristics and Crashes, Volume 1: 
	Synthesis Report (2010) -Modeling Asphalt Pavement Friction and Wet-Pavement Traffic Accidents for Two-Lane 
	Rural Highways (2006) -The effect of skid resistance and texture on crash risk (2005) -Incorporating Road Safety into Pavement Management: Maximizing Surface Friction for 
	Road Safety Improvements (2005) -Investigation of Factors associated with Truck crashes in Nebraska (2010) -A quantitative model of road-surface safety (2011) -Relationship Between Highway Pavement Condition, Crash Frequency, and Crash Type 
	(2009) -Roadway Factors Associated with Motorcycle Crashes (2011) -Influence of Roadway Surface Discontinuities on Safety: State of the Art Report (2009) -Road Pavements Design and Traffic Safety -Evaluation of Relationships Between 
	Accident Risk and Functional Properties of Road Pavements (2007) 

	4.1.3 Skid Resistance/Friction Measurement and Modeling 
	4.1.3 Skid Resistance/Friction Measurement and Modeling 
	-Harmonization of Texture and Skid-Resistance Measurements (2008) -Polishing Mechanism and Its Numerical Modeling for Flexible Pavement (2010) -A systems approach to the management of skid resistance deficiencies sites on a road 
	network (2011) -On the Study of Polishing of Road Surface under Traffic Load (2010) -Relating Surface Texture of Rigid Pavement with Noise and Skid Resistance (2004) -Sensitivity of in-service skid resistance performance of chipseal surfaces to aggregate and 
	texture characteristics (2005) 
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	-Skid resistance loss of plastic-grooved concrete roadways (2008) -The Evaluation of the Evolution of Road Surface Friction: A Case Study in Naples’ District (2004) -Evaluation of Investigations into the Application of the IFI (International Friction Index) 
	(2003) -Evaluation of pavement temperature on skid frictional of asphalt concrete surface (2011) -Precision Estimates of AASHTO T 242 (2009) -Prediction of Road Surface Friction Coefficient Using Only Macro-AND Micro-texture 
	Measurements (2005) -Skid Resistance Prediction by Computer Simulation (2004) -Skid Resistance -Measurement and Interpretation (2002) -Evaluation of Traffic and Environment Effects on Skid Resistance and Safety 
	Performance of Rubberized Open-grade Asphalt Concrete (2010) -Development of a New Method for Optimizing the Skid Resistance and Compactability of Asphalt Pavements (2011) -Review of High-Friction Surface Technologies --Constructability and Field Performance (2010) -Skid resistance performance profiles (2011) 

	4.1.4 Roadway Surface Measurement and Hydroplaning 
	4.1.4 Roadway Surface Measurement and Hydroplaning 
	-Analytical Modeling of Effects of Rib Tires on Hydroplaning (2008) -Modeling and Analysis of Truck Hydroplaning on Highways (2008) -Prediction of Wet-Pavement Skid Resistance and Hydroplaning Potential (2007) -Wet-Pavement Hydroplaning Risk and Skid Resistance: Modeling (2007) -Transverse Pavement Grooving against Hydroplaning. I: Simulation Model (2006) 

	4.1.5 Other Roadway Measurement and Modeling Topics 
	4.1.5 Other Roadway Measurement and Modeling Topics 
	-3D Visualization Model of Road Surface (2009) -Comparison of Alternative Models for Road Surface Condition Classification (2010) -Effects of Frequency of Pavement Condition Data Collection on Performance Prediction 
	(2010) -Probabilistic Models for Discriminating Road Surface Conditions based on Friction Measurements (2008) -An Original Evaluation of the Wearing Course Macrotexture Evolution using the Abbot Curve (2009) -Tyre and Road Surface Optimization for Skid Resistance and Further Effects (TYROSAFE) (2010) -Monitoring and Improving Roadway Surface Conditions For Safe Driving Environment 
	and Sustainable Infrastructure (this very project; research in progress) -The future of skid resistance? (2011) -TYROSAFE: tyre and road surface optimization for skid resistance and further effects 
	(2011) -Pavement Surface Condition/Performance Assessment: Reliability and Relevancy of Procedures and Technologies (2007) 
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	4.2. Roadway Condition Detection and Warning 
	4.2. Roadway Condition Detection and Warning 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	4.2.1 Road Conditions and Driver Alerts 
	4.2.1 Road Conditions and Driver Alerts 
	-Slippery when dry? Low dry friction and binder-rich road surfaces (2005) -Experimental evaluation of fog warning system (2007) -Pennsylvania Turnpike Commission (PTC) Fog Detection, Traveler Information and Dynamic Traffic Control System PTC Fog Warning System (FWS) (2007) -I-68 FOG DETECTION SYSTEM PLANNING REPORT (2003) -I-68 Reduced Visibility Fog Detection and Warning System: Evaluation Report (2006) -Evaluation of Fog-Detection and Advisory-Speed System (2004) -Active Warning Systems: Synthesis (2005)

	4.2.2 Roadway Surface Detection and Testing/Measurement 
	4.2.2 Roadway Surface Detection and Testing/Measurement 
	-New System for Detecting Road Ice Formation (2011) -Road Surface Condition Forecasting in France (2009) -WARNING: Weather Ahead (2006) -Enhancing Road Weather Information Through Vehicle Infrastructure Integration (2007) -Expediting Vehicle Infrastructure Integration (EVII) : Where the Rubber Meets (and Talks to) the Road (2008) -A New Paradigm in Observing the Near Surface and Pavement: Clarus and Vehicle Infrastructure Integration (2008) -Latest Developments in Fixed and Mobile Road Weather Observing As 
	(VII) Feasibility and Concept Development Study (2007) 

	4.2.3 Roadway Conditions and Maintenance 
	4.2.3 Roadway Conditions and Maintenance 
	-Evaluation of ODOT Roadway/Weather Sensor Systems for Snow & Ice Removal Operations -Part V: Vehicular Speed Associated with Winter Pavement Conditions (2006) 
	14 
	14 

	Statewide HOV Project Interim Report March 2012 

	4.2.4 Other Roadway Conditions Topics 
	4.2.4 Other Roadway Conditions Topics 
	-Monitoring and Improving Roadway Surface Conditions For Safe Driving Environment and Sustainable Infrastructure (this very project; research in progress) 


	4.3. Pavement Treatment 
	4.3. Pavement Treatment 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	4.3.1Pavement Treatments and Effects 
	4.3.1Pavement Treatments and Effects 
	-Relative Effectiveness of Grooves in Tire and Pavement for Reducing Vehicle 
	Hydroplaning Risk (2010) -Evaluating Improvement Measures for Wet-Weather Operational Safety (2007) -The effectiveness of the application of high friction surfacing on crash reduction (2005) -Centerline Rumble Strips Help Cars and Bicyclists (2005) -Improving Safety as Part of a Pavement Preservation Program (2005) -Transverse Rumble Strips (2007) -Fog Seal Effectiveness for Bituminous Surface Treatments (2011) -Quantifying the Costs and Benefits of Pavement Retexturing as a Pavement Preservation 
	Tool: Phase 2 (research in progress) -Pavement Surface Characteristics Concrete New Construction (MN Road Studies) (research in progress) -Performance of Permeable Friction Course (PFC) Pavements Over Time (research in 
	progress) -Implementation of New OGFC Specifications (2008) -An Onboard Virtual Rumble-Strip Based Operation for Road Departure Warning -FY11 
	NATSRL (research in progress) -Effectiveness of Rumble Stripes on Roadway Safety in Mississippi (research in progress) -Promoting Center Line Rumble Strips to Increase Rural, Two-Lane Highway Safety 
	(research in progress) -Safety Improvement from Edge Lines of Rural Two-Lane Highway (research in progress) -Does friction and color equal safety? (2005) -The influence of road surface condition on traffic safety and ride comfort (2004) -Economic appraisal and optimization process in road safety projects (2010) -Using high friction surface treatments to reduce traffic accidents (2004) -Innovative surfacing treatments delivering safer roads (2011) -Synthesis of Current Practice on the Design, Construction, a
	Friction Courses (2006) -Synthesis of Current Research on Permeable Friction Courses: Performance, Design, Construction, and Maintenance (2010) -Surface Treatments in Asphalt Pavements - A Systems View (2006) 

	4.3.2 Before-After Effects 
	4.3.2 Before-After Effects 
	-Evaluation of the Safe Lane™ Overlay System for Crash Reduction on Bridge Deck Surfaces (2010) -Safety Performance of Experimental Pavement Types in California Using Before-and-After Comparisons (2010) 
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	-The early life skid resistance of road surfaces (2008) -Evaluation of Innovative Safety Treatments. Volume 3: A Study of the Effectiveness of Tiderip High Friction Surface Treatment (2008) -Accidents par pert adherence : Relation adherence-security router et analyses resalable a 
	intervention (2005) -Skid Accident Reduction Program (SKARP): Targeted Crash Reductions (2003) -Safety Effect of Preventive Maintenance: A Case Study of Micro surfacing (2008) -Evaluation of Concrete Pavement Texturing Practice in Minnesota Using the Wet 
	Weather Accident Evaluation Criterion (2008) -Evaluation of Rubberized Open Graded Asphalt Concrete (OGAC) for Counteracting Wet Pavement Collisions (2007) -Road Safety Effects of Porous Asphalt: A systematic Review of Evaluation Studies (2005) 



	5. Review of Performance Measures, Design and Implementation Guidelines 
	5. Review of Performance Measures, Design and Implementation Guidelines 
	This section contains a summary of review on performance measures, design and implementation guidelines that are related to roadway monitoring and associated implementation of safety systems.  The sub-categories of reviews include: 
	-Performance Measures for Safety Systems -Design Guidelines for Safety Systems -Implementation and Evaluation of Safety Systems 
	A summary of literature and state-of-the-art practices are given in the following sub-sections, while the full synopsis of each literature is given in the Appendix B. 
	5.1. Performance Measures for Safety Systems 
	5.1. Performance Measures for Safety Systems 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	5.1.1 Overall Traffic Safety Performance Measures 
	5.1.1 Overall Traffic Safety Performance Measures 
	-Development of Outcomes Based National Road and Rail Safety Performance Measures (2011, Italy) -Benchmarking Road Safety: Lessons to Learn from a Data Envelopment Analysis (2009, 
	Europe -Belgium) -Comparative Performance Measurement: Safety (2009, US -AASHTO) -National Traffic Safety Index (2009, TRB - South Korea) -Measuring Performance Among State DOTs, Sharing Best Practices --Safety (2009, US 
	-

	FHWA, AASHTO, NCHRP) -Traffic Safety Performance Measures for States and Federal Agencies (2008, US NHTSA) -Traffic Safety: Improved Reporting and Performance Measures Would Enhance 
	-

	Evaluation of High-Visibility Campaigns (2008, US -GAO) -Sunflower Next: Towards A Composite Road Safety Performance Index (2008, Israel) -Examination of Macro-Level Annual Safety Performance Measures for Virginia (2008, 
	US -Virginia) 
	US -Virginia) 
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	-Use and Misuse of Motor-Vehicle Crash Death Rates in Assessing Highway-Safety Performance (2006, US -IIHS) 

	5.1.2 Traffic Safety Data, Methodologies and Performance Measures 
	5.1.2 Traffic Safety Data, Methodologies and Performance Measures 
	-Model Performance Measures for State Traffic Records Systems (2011, US -NHTSA) -Traffic Safety Data: State Data System Quality Varies and Limited Resources and 
	Coordination Can Inhibit Further Progress (2010, US -GAO) -Safety Data, Analysis, and Modeling (2008, US -TRB) -Quantified Road Safety Target and Road Fatality Reduction (2006, Hong Kong) -Working Group on Achieving Ambitious Road Safety Targets: Country Reports on Road 
	Safety Performance (2006, France) -Halving Roadway Fatalities: A Case Study from Victoria, Australia, 1989-2004 (2006, 
	US FHWA -Australia) -Road Infrastructure Safety Assessment (2006, Australia – New Zealand) -Identifying and Quantifying Operational and Safety Performance Measures for Access 
	Management: Micro-Simulation Results (2005, US – FHWA, Texas) 

	5.1.4 Pavement Related Studies 
	5.1.4 Pavement Related Studies 
	-Performance Assessment Methodology for Sustainable Pavement Marking Safety (2009, US -TRB) -Analyzing Road Pavement Skid Resistance (2005, ITE – New Zealand) 

	5.1.4 Operation Performance and Planning 
	5.1.4 Operation Performance and Planning 
	-Measuring Performance Among State DOTs, Sharing Best Practices--Operations Performance Using Incident Response Time (2010, US -FHWA, AASHTO, NCHRP) -Performance Measurement for Highway Winter Maintenance Operations (2009, US 
	-

	Iowa) -Evaluating the Effectiveness of State Department of Transportation Investment Decisions: Linking Performance Measures to Resource Allocation (2006, US) 

	5.1.5 Safety Culture 
	5.1.5 Safety Culture 
	5.1.5 Safety Culture 

	-Road Safety Culture Development for Substantial Road Trauma Reduction: Can the Experience of the State of Victoria, Australia, be applied to Achieve Road Safety Improvement in North America? (2007, US -AAA) 
	-Improving Traffic Safety Culture in the United States -The Journey Forward (207, US AAA) 
	-



	5.2. Design Guidelines for Safety Systems 
	5.2. Design Guidelines for Safety Systems 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	5.2.1 Roadway Design for Safety 
	5.2.1 Roadway Design for Safety 
	-Highway Geometric Design from the Perspective of Recent Safety Developments (2011, 
	Greece) -Country Report – the Netherlands (2010, Netherlands) -Roadway Safety Design Workbook (2009, US -FHWA, Texas) -Roadway Safety Design Synthesis (2005, US -FHWA, Texas) 
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	-Role and Application of Accident Modification Factors in the Highway Design Process (2005, US – FHWA, Texas) 

	5.2.2 Evaluation Procedures and Tools 
	5.2.2 Evaluation Procedures and Tools 
	-Development of Safety Performance Monitoring Procedures (2010, US – FHWA) -Calibration Factors Handbook: Safety Prediction Models Calibrated with Texas Highway System Data (2008, US – FHWA, Texas) -Development of Tools for Evaluating the Safety Implications of Highway Design Decisions (2007, US – FHWA) -A New Procedure for Evaluating Traffic Safety on Two-Lane Rural Roads (2003, France) 

	5.2.3 Practices and Case Studies 
	5.2.3 Practices and Case Studies 
	-Operations and Safety of Super 2 Corridors with Higher Volumes (2011, US –FHWA, Texas) 
	-Synthesis of Information Related to Highway Problems. Topic 41-01. Geometric Design Practices for Resurfacing, Restoration, and Rehabilitation (2009, US -FHWA, AASHTO, NCHRP) 
	-Optimizing Design of Highway Horizontal Alignments: New Substantive Safety 
	Approach (2008, Canada) -Advance Warning Flashers: Guidelines for Application and Installation (2005, Canada) -Development of Guidelines for In-Roadway Warning Lights (2004, US FHWA -Virginia) -Design Guidelines for Safety of In-Vehicle Information Systems (2002, UK) 

	5.2.4 Human Factors 
	5.2.4 Human Factors 
	5.2.4 Human Factors 

	-Integrating Safety and Human Factor Issues into Road Geometric Design Guidelines (2010, US TRB – Greece) -Crash Warning System Interfaces: Human Factors Insights and Lessons Learned (2007, US -NHTSA) -Driver Perception of Roadway, Traffic and Environment: A Basic Human Factor to be Considered in Road Design Standards (2004, Europe) -Integrating Human Factor Evaluation in the Design Process of Roads -A Way to Improve Safety Standards for Rural Roads (2004, Europe) -Integrating Human Factor Evaluation in the

	5.2.5 Pavement Related 
	5.2.5 Pavement Related 
	-Guide for Pavement Friction (2009, US – NCHRP) -Guide for Pavement Friction (2008, US – AASHTO) -Evaluation of Pavement Friction Characteristics (2000, US – NCHRP) 


	5.3. Implementation and Evaluation of Safety Systems 
	5.3. Implementation and Evaluation of Safety Systems 
	Topics that were covered within the review are listed below.  The years of publications are given in parenthesis after the subject title. 
	5.3.1 Evaluation of In-Vehicle Safety Systems 
	5.3.1 Evaluation of In-Vehicle Safety Systems 
	-Cost Benefit Evaluation of Advanced Primary Safety Systems: Final Report (2011, UK) -Study on Lane Departure Warning and Lane Change Assistant Systems (2008, UK) 
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	5.3.2 Evaluation of Roadway Safety Systems 
	5.3.2 Evaluation of Roadway Safety Systems 
	-Safety Effectiveness of Actuated Advance Warning Systems (2011, US -Nebraska) -An Examination of the Rural Intersection Collision Avoidance System (2009, US Wisconsin) -Implementation of Advance Warning of End of Green System (AWEGS): Implementation Report (2008, US – FHWA, Texas) -Enhanced Field Observation of Traffic Patterns for Intersection Collision Warning Systems (2008, US - California) -Enhancements to the Advance Warning of End of Green System (AWEGS) (2006, US Texas) -Improved Risk Management of 
	-
	-
	-


	5.3.3 Driver Interface 
	5.3.3 Driver Interface 
	5.3.3 Driver Interface 

	-Crash Warning Interface Metrics Task 3: Report Appendices (2011, US -NHTSA) -Crash Warning Interface Metrics Task 3 Report: Empirical Studies of Effects of DVI Variability (2011, US -NHTSA) 

	5.3.4Impacts of Safety Warning Systems 
	5.3.4Impacts of Safety Warning Systems 
	-Forecasting and Evaluation of Traffic Safety Impacts: Driving Assistance Systems Against Road Infrastructure Measures (2007, Sweden) -Accident Reduction Potential of Advanced Adverse Weather Warning Systems (2007, France) -Active Warning Systems: Synthesis (2005, US) 



	6. Topics of Potential Joint Projects with Synergies in Research Background 
	6. Topics of Potential Joint Projects with Synergies in Research Background 
	Based on information exchange between the research partnering organizations, selective topics have been identified as the potential areas where future collaboration can be pursued.  This section documents the discussions including the topics of: 
	-Cooperative Systems of Roadway Condition Monitoring -Implementation of Safety Alerts for Adverse Roadway Conditions -Frontiers of Next-Generation Roadway Management 
	6.1 Cooperative Systems of Roadway Condition Monitoring 
	6.1 Cooperative Systems of Roadway Condition Monitoring 
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	A meeting was held between Renault, IFSTTAR and PATH in March 2012 to discuss potential cooperation on research areas.  This section provides a description of the meetings and highlights the points of deliberation. 
	6.1.1 Meeting Participants 
	6.1.1 Meeting Participants 
	Date: March 7, 2012 Place: Techno Centre Renault, Guyancourt cedex, France Participants: 
	• 
	• 
	• 
	Renault: Christian CHABANON, Roland DARGAUD, Javier IBANEZ-GUZMAN 

	• 
	• 
	IFSTTAR: Minh-Tan DO 

	• 
	• 
	UC Berkeley PATH: Ching-Yao CHAN 


	Re: Potential Research Collaboration 

	6.1.2 Meeting Background 
	6.1.2 Meeting Background 
	All participants and their associated research partners have experience and interests in exploring the advancements of real-time estimation of roadway surface parameters. The goal is to develop methodologies to accurately and reliably estimate roadway conditions then utilize the acquired information to implement vehicle-based or infrastructure-based applications.  These applications can provide safety and operation benefits by the implementation of on-board driver assistance and vehicle control functions as
	The potential collaborative partnership will bring together capabilities and expertise that are synergistic and supplementary to one another. 
	• 
	• 
	• 
	• 
	• 
	Renault: 


	o 
	o 
	o 
	Wide range of previous and current corporate internal and supported external research activities 

	o 
	o 
	Expertise as one of the world-wide major automakers 

	o 
	o 
	Provision of test vehicle instrumentation and maintenance 

	o 
	o 
	Provision of resource and funding support 



	• 
	• 
	• 
	• 
	IFSTTAR: 


	o 
	o 
	o 
	Recognized institutional expertise in measurements and data collection on roadway surface conditions and pavement skid resistance 

	o 
	o 
	Provision of test equipment of gaining ground-truth data, as well as possession of existing database for various surface and roadways 

	o 
	o 
	Current ongoing collaboration with Renault 

	o 
	o 
	Previous and current ongoing collaboration project with UCB-PATH 

	o 
	o 
	Previous working experience with tire manufacturers 



	• 
	• 
	• 
	UCB-PATH: 



	o Recognized institutional reputation as being a research pioneer in intelligent transportation systems, with a strong emphasis of using technologies for Connected Vehicles applications 
	20 
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	o 
	o 
	o 
	Previous research experience in the subject matter of smart tires by Professor Francesco Borreli from the Mechanical Engineering Department of UC Berkeley (UCB-ME) under collaboration with Perreli 

	o 
	o 
	Previous research experience in the subject matter of roadway surface estimation by Professor Kang Li of National Taiwan University (NTU), a former postdoctoral scholar at PATH, with the use of onboard sensing devices 

	o 
	o 
	Previous experience in implementing remote data collection, monitoring, and data server management 

	o 
	o 
	Current ongoing collaboration with Renault 

	o 
	o 
	Previous and current ongoing collaboration project with IFSTTAR 

	o 
	o 
	Previous and current collaboration with Industrial Technology Research Institute (ITRI) for DSRC/Cellular communication for V2V and V2I applications 

	o 
	o 
	Working experience with multiple automakers and public agencies 



	6.1.2 Research Scope and Goals 
	6.1.2 Research Scope and Goals 
	The research scope can be set up in multiple stages with prospective goals as follows: 
	• 
	• 
	• 
	• 
	• 
	Near-Term: 


	o 
	o 
	o 
	Conducting tests and collecting data on controlled facilities 

	o 
	o 
	Validating and comparing methodologies 

	o 
	o 
	Establishing instrumented vehicles and  test platform 



	• 
	• 
	• 
	• 
	Medium-Term: 


	o 
	o 
	o 
	Conducting tests and collecting data on real world roadways 

	o 
	o 
	Substantiating test results with existing database and supplementing with additional data collection from vehicles and roadways if necessary 

	o 
	o 
	Adjust algorithms and methodologies if necessary 

	o 
	o 
	Refine and standardize probe vehicle test package 



	• 
	• 
	• 
	• 
	Long-Term: 


	o 
	o 
	o 
	Implementing wireless communication backhaul system and data storage server 

	o 
	o 
	Conduct multiple-vehicle real-world data collection to establish a live database from roadway network 

	o 
	o 
	Develop strategies for commercialization of envisioned applications 





	6.1.3 Basic Framework of Collaboration: 
	6.1.3 Basic Framework of Collaboration: 
	To effectively and practically offer vehicle instrumentation and testing support, it is suggested that the testing activities be carried out in France, primarily carried out by Renault and IFSTTAR with support from UCB-PATH.  With this arrangement, the potential partners will offer the following research contributions: 
	• 
	• 
	• 
	• 
	• 
	Renault: 


	o 
	o 
	o 
	Test vehicle and necessary instrumentation and maintenance support 

	o 
	o 
	Data collection and analysis 

	o 
	o 
	In-house expert support 



	• 
	• 
	• 
	IFSTTAR: 
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	o 
	o 
	o 
	Test facility and test equipment 

	o 
	o 
	Data collection and analysis 

	o 
	o 
	In-house algorithms and methodologies 

	o 
	o 
	In-house expert support 

	o 
	o 
	Partnership with 


	CETE 
	

	• UCB-PATH: 
	• UCB-PATH: 

	o 
	o 
	o 
	Support for large-scale remote data collection 

	o 
	o 
	Data analysis 

	o 
	o 
	Algorithms and methodologies developed by Prof. Francesco Borreli (UCB-ME) 

	o 
	o 
	Algorithms and methodologies developed by Prof. Kang Li (NTU) 

	o 
	o 
	Smart tires developed by Perreli 

	o 
	o 
	o 
	Additional partnerships with 

	
	
	
	

	Caltrans (California DOT) for additional research project in California 

	
	
	

	ITRI with support for wireless communication aspects 





	6.1.4 Follow-up Action Items:  
	6.1.4 Follow-up Action Items:  
	After the meeting, a few follow-up steps were suggested and agreed upon by the participants.  The partners are now exploring venues and mechanisms to facilitate the cooperative efforts. 
	• 
	• 
	• 
	Strategize the collaboration framework 

	• 
	• 
	Explore additional research topics and opportunities for collaboration 

	• 
	• 
	Revise research collaboration and work plan outline 

	• 
	• 
	Hold conference with all parties to discuss logistics and issues for establishing research partnership 



	6.1.5 Further Description of Envisioned Systems 
	6.1.5 Further Description of Envisioned Systems 
	As revealed in previous research, existing tire friction estimation approaches using on-board sensors cannot guarantee precise determination of tire-road friction potential and road pavement condition under all driving or road conditions. In light of the increasing popularity of wireless communication devices and positioning system, such as GPS navigation, on modern vehicles, a cooperative estimation approach can be developed by employing a group of probe vehicles performing friction estimation and pavement
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	Figure 1 depicts the concept of group-enabled pavement condition monitoring through cooperative vehicles and infrastructure. At the roadway management agency, the road pavement condition monitoring system is operated and maintained based on the previously developed pavement condition evaluation and prediction model. This model takes into account all relevant pavement data, traffic information, climate data, and real-time road condition evaluation data provided by probe vehicles, such that the model paramete
	However, the determination of precise tire-road friction potential relying on one type of friction estimator and sensor can still be difficult for each probe vehicle unless the tire skid occurs. This is mainly due to the complex tire-road friction dynamics, which is affected not only by tire/pavement property but also environmental factors. Therefore, we consider an intelligent sensor clustering approach by fusing a set of vehicle-state, tire, and environmental sensors in the hope of providing sufficient in
	VII Road Pavement Condition Monitoring Center.........RSE RSE RSE RSE VII Road Pavement Condition Monitoring Center ......... Road Pavement Skid Resistance Evaluation and Prediction Model Climate Data Pavement Type Probe Vehicle Friction Data Traffic Data Probe Vehicle Pavement Evaluation Data Pavement Age Data Accident Data 
	Probe Vehicle Probe Vehicle Probe Vehicle 
	......... 
	......... 
	Probe Vehicle Probe Vehicle 

	Figure 1 Group-enabled road pavement condition monitoring through Cooperative Vehicles and Infrastructure 
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	Probe VehicleGPS/INS/Map Wireless Communication Tire Sensors Vehicle State Sensors Environmental Sensors Probe Vehicle 
	Figure 2 On-board tire-road friction estimation and pavement condition evaluation by sensor clustering 
	As illustrated in Figure 2, the probe vehicle employs above three types of sensors for friction estimation and pavement condition evaluation based on the environmental and vehicle/tire models. Also, the GPS/INS/Map integrated localization system provides the reliable positioning information on the map, such that the parameters of environmental models, such as pavement status, e.g., paved versus unpaved, and road type, etc. can be extracted from the on-board digital map database. Moreover, the assessed frict
	1 
	2 

	Field tests conducted in previous research showed that this system was able to achieve the desired pavement evaluation objectives with sufficient excitation inputs, i.e., traction or braking force. Yet, medium to large friction demands as necessary conditions for good estimation results are only available in partial travel time for each vehicle. The effectiveness of this road condition monitoring system would be limited if it is used in a stand-alone manner on each vehicle. Therefore, the cooperative estima
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	roads, the accurate road surface condition estimates can cover most of the road surfaces in the road network. 
	Kang Li, Han-Shue Tan, and J. K. Hedrick, “An Enhanced GPS-Based Vehicle Positioning System through Sensor Fusion of Digital Map Data”, Proceedings of the International Symposium on Advanced Vehicle Control, Kobe, Japan, Oct. 6-9, 2008. Kang Li, Han-Shue Tan, and J. Karl Hedrick, “Map-Aided GPS/INS Localization Using a Low-Order Constrained Unscented Kalman Filter”, 48th IEEE Conference on Decision and Control and 28th Chinese Control Conference, Shanghai, China, December 16-18, 2009. 
	Kang Li, Han-Shue Tan, and J. K. Hedrick, “An Enhanced GPS-Based Vehicle Positioning System through Sensor Fusion of Digital Map Data”, Proceedings of the International Symposium on Advanced Vehicle Control, Kobe, Japan, Oct. 6-9, 2008. Kang Li, Han-Shue Tan, and J. Karl Hedrick, “Map-Aided GPS/INS Localization Using a Low-Order Constrained Unscented Kalman Filter”, 48th IEEE Conference on Decision and Control and 28th Chinese Control Conference, Shanghai, China, December 16-18, 2009. 
	Kang Li, Han-Shue Tan, and J. K. Hedrick, “An Enhanced GPS-Based Vehicle Positioning System through Sensor Fusion of Digital Map Data”, Proceedings of the International Symposium on Advanced Vehicle Control, Kobe, Japan, Oct. 6-9, 2008. Kang Li, Han-Shue Tan, and J. Karl Hedrick, “Map-Aided GPS/INS Localization Using a Low-Order Constrained Unscented Kalman Filter”, 48th IEEE Conference on Decision and Control and 28th Chinese Control Conference, Shanghai, China, December 16-18, 2009. 
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	6.1.6 CalFrance Collaboration Perspectives 
	6.1.6 CalFrance Collaboration Perspectives 
	A continuation of this research topic will be to investigate further in depth, through the exchange of information and methodologies between French and California researchers, to 
	• 
	• 
	• 
	Provide an updated overview of all European and French research programs on the subject of cooperative vehicles and highways 

	• 
	• 
	Explore up-to-date vehicle safety applications that may rely on similar sensor suites or vehicle platform 

	• 
	• 
	Explore the technical and institutional issues in the future implementation of such concepts and the recommendations for governments and industries to enable expedient developments. 




	6.2 Fog Condition Detection and Warning 
	6.2 Fog Condition Detection and Warning 
	A meeting was held between researchers from IFSTTAR and PATH in March 2012 to discuss potential cooperation on research areas.  This section provides a description of the meetings and highlights the points of deliberation.  The presentation provided by IFSSTTAR in the meeting are attached in Appendix C. 
	6.2.1 Meeting Participants 
	6.2.1 Meeting Participants 
	Date: March 5, 2012 Place: IFSTTAR Office, Paris, France Participants: 
	• 
	• 
	• 
	IFSTTAR: Eric DUMONT, Nicolas HAITIERE, Jean-Michel AUBERLET, Sylvie PROESCHEL 

	• 
	• 
	UC Berkeley PATH: Ching-Yao CHAN 


	Re: Potential Research Collaboration 

	6.2.2 Background 
	6.2.2 Background 
	6.2.2 Background 

	Traffic movements under foggy conditions present a serious safety challenge, which is equally true for many regions.  This is a particular concern for the central valley highways in California, such as Highway 99 where historically a number of chain crashes have occurred.  It was brought to the attention of California researchers in previous interactions with IFSTTAR that there have been also significant research efforts in France to address a similarly serious problem. 
	According to a review by IFSTAR, it was reported that fog related traffic fatalities reached 700 in US and 100 in France annually.  Fog is also prevalent issue at airports, where instruments are also deployed to measure visibility.  IFSTTAR is exploring the use of existing low-cost CCTV cameras through the implementation of improved vision detection software to overcome the problem.  Comparably, the costs of CCTV cameras, typically at several hundred dollars are much less inexpensive than the instruments us
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	years of 2006-2010, the IFSTTAR team is part of the European consortium to develop safety systems and this very research topic was a focus of their efforts. 
	The IFSTTAR team has developed a methodology to link the meteorological visibility to the sum of gradients taken on the Lambertian surfaces.  They have shown that this estimator is robust to illumination variations on experimental data. Their method is easily deployable using the camera network already installed alongside highways and therefore of high impact to traffic safety at marginal cost. The output of their system can also feed into weather forecasting systems and can inform drivers with speed limits
	3
	4,5 

	The California Department of Transportation (Caltrans) has implemented a fog detection and warning system on Highway 99 near Fresno. The entire central valley region is susceptible to Tule fog, which can reduce visibility tremendously, sometimes to near zero.  This area has experienced numerous multiple vehicle crashes because of the fog, most recently in 2007, when a 108 car pile-up caused two deaths and nearly 40 injuries, and closed the highway for more than twelve hours. The fog detection system uses sp
	6,7 

	Babari, R., Hautière, N., Dumont, E., Brémond, R. and Paparoditis, N, A Model-Driven approach to estimate atmospheric visibility with ordinary cameras, In Atmospheric Environment, 45 (30): 5316-5324, 2011. Babari, R., Hautière, N., Dumont, E., Paparoditis, N. and Misener, J, Visibility Monitoring using Conventional 
	Babari, R., Hautière, N., Dumont, E., Brémond, R. and Paparoditis, N, A Model-Driven approach to estimate atmospheric visibility with ordinary cameras, In Atmospheric Environment, 45 (30): 5316-5324, 2011. Babari, R., Hautière, N., Dumont, E., Paparoditis, N. and Misener, J, Visibility Monitoring using Conventional 
	Babari, R., Hautière, N., Dumont, E., Brémond, R. and Paparoditis, N, A Model-Driven approach to estimate atmospheric visibility with ordinary cameras, In Atmospheric Environment, 45 (30): 5316-5324, 2011. Babari, R., Hautière, N., Dumont, E., Paparoditis, N. and Misener, J, Visibility Monitoring using Conventional 
	Babari, R., Hautière, N., Dumont, E., Brémond, R. and Paparoditis, N, A Model-Driven approach to estimate atmospheric visibility with ordinary cameras, In Atmospheric Environment, 45 (30): 5316-5324, 2011. Babari, R., Hautière, N., Dumont, E., Paparoditis, N. and Misener, J, Visibility Monitoring using Conventional 
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	6.2.3 Research Scope and Goals 
	6.2.3 Research Scope and Goals 
	As can be seen in the descriptions above, there are synergies in the fog-detection and warning systems that both regions are pursuing.   The research scope can be approached in multiple stages with prospective goals as follows: 
	• 
	• 
	• 
	• 
	• 
	Near-Term: 


	o 
	o 
	o 
	IFSTTAR desires to expand their development work into field tests and is interested in seeking a deployment site in California.  This will provide further validation and enhancements to the technology advantages.  The primary goal will be to identify a site suitable for field testing.  This conceivably can be on selective highways in District 6. 

	o 
	o 
	Caltrans and California PATH are interested in exploring low-cost technology as alternatives of foggy conditions to enable highway operation and safety systems 



	• 
	• 
	• 
	Medium-Term and Longer Term: 

	o 
	o 
	o 
	Establish a pilot collaboration program where a number of cameras, preferably existent, can be adapted to exercise the detection system and constitute a network of detection stations. 

	o 
	o 
	Learn further from field deployment in France and California 

	o 
	o 
	Refine and standardize detection station package 

	o 
	o 
	Develop strategies for expanded commercialization of envisioned systems 




	Roadside Cameras – Emerging Applications, In Transportation Research Part C, 22: 17-28, 2012. Case Study, Fresno Fog Detection and Warning System. White paper by ICX Technologies and Caltrans District 6, Caltrans Fog Detection and Warning System. 
	Roadside Cameras – Emerging Applications, In Transportation Research Part C, 22: 17-28, 2012. Case Study, Fresno Fog Detection and Warning System. White paper by ICX Technologies and Caltrans District 6, Caltrans Fog Detection and Warning System. 
	Roadside Cameras – Emerging Applications, In Transportation Research Part C, 22: 17-28, 2012. Case Study, Fresno Fog Detection and Warning System. White paper by ICX Technologies and Caltrans District 6, Caltrans Fog Detection and Warning System. 
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	6.2.4 CalFrance Collaboration Perspectives 
	6.2.4 CalFrance Collaboration Perspectives 
	A continuation of this research topic will be to investigate further in depth, through the exchange of information and methodologies between French and California researchers, to 
	• 
	• 
	• 
	Provide an updated overview of all European and French research programs on the subject of roadway conditions and associated driver alert systems 

	• 
	• 
	Explore up-to-date deployment that may rely on similar sensor inputs 

	• 
	• 
	Explore the technical and institutional issues in the future implementation of such concepts and the recommendations for governments and industries to enable expedient developments. 



	6.2.5 Follow-up Action Items:  
	6.2.5 Follow-up Action Items:  
	After the meeting, a few follow-up steps were suggested and agreed upon by the participants.  The partners are now exploring venues and mechanisms to facilitate the cooperative efforts. 
	• 
	• 
	• 
	Communicate to Caltrans, particularly D6, to explore potential interests of establishing a pilot project 

	• 
	• 
	Explore and search in the TRB data base to check whether there is some on-going research or if questions have been expressed on this topic, and to see whether it would be possible to submit a NCHRP project on that topic in the future. 
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	Appendices 
	Appendices 
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	A1. Roadway Surface Modeling & Measurement A2. Roadway Condition Detection & Warning A3. Pavement Treatment & Effects B1. Safety Performance Measures B2. Safety Systems Design Guidelines B3. Warning System Implementation 
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	I-1-Background 
	• 
	• 
	• 
	Inthepresenceoffog ormist,visibilityisreduced.Itisa sourceofparalysisfortransport.Accidentsaremore numerousandmoreserious,e.g.Tule fog in California, 

	• 
	• 
	Multinational problem :700annual fog-relatedfatalitiesin theUSAand100inFrance, 

	• 
	• 
	Airportsareequippedwithexpensiveandrareinstruments tomeasurevisibility(10.000$), 

	• 
	• 
	IFSTTARseekstoexploitthethousandsofCCTVlowcost cameras(500$)alreadyinstalledalong highwaynetworksto estimatethevisibilityandinformroadusersonspeed limitation, 

	• 
	• 
	National weatheragencies,likeMETEO-FRANCE,seekto integratetheseinformationintheirforecastmodelsto predictaccuratelyfog episodes. 
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	• 
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	• 
	• 
	Background 

	– 
	– 
	– 
	Physicsof visibility 

	– 
	– 
	Relatedworks 



	• 
	• 
	• 
	Proposed method 

	– 
	– 
	– 
	Test siteinstrumentation 

	– 
	– 
	Arobust visibilitydescriptor 

	– 
	– 
	Amethodtoselect diffusesurfaces ina scene 

	– 
	– 
	Anovel visibilityestimator 



	• 
	• 
	• 
	Results 

	– 
	– 
	– 
	Qualitativeresults 

	– 
	– 
	Quantitativeresults 



	• 
	• 
	Conclusion and Perspectives 
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	• Duntley[Middleton,1958] gives a lawof contrast attenuationinthescene: 
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	Fig: diagram operating principle of a scatterometer 
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	•Thetransmissometerestimates the extinction ofalightbeam duringitspath, 
	•Thescatterometerestimatesthe amountof lightintensity scattered by the atmosphere ataspecific angle, 
	•Highcost(higherthan 10,000$) 
	•10%measurementerrorovera range of 0-50km 
	 -4-Camera-based methods for visibility measurement 
	•Visibility overseveral miles: Correlation between featuresin the image and V. 
	Met 

	USA:Clarusproject (FHWA-MIT) [Hallowell,2007] 
	-Estimatorsfrom all imagefeatures -Decisionusing fuzzylogique 
	-  Four classesofvisibility (1km-5km – 10km) 
	Figure
	•Highwayvisibility: 0-400m Accuracy of themethod <10%. 
	-EUROPE: IntegratedProjectSafeSpot [Hautièreetal.,2008] 
	-Detectiionofcontrastshigherthan5% -ComputesinflectionpointofKoschmieder’s law 
	Figure
	JAPAN:frequencyfeatures(WIPS) [Hagiwaraetal.,2006] 
	-Assumesaflatroad 

	-Accurate cameracalibration needed 
	Poorvisibilityidentification 
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	III -1- Test site instrumentation 
	Figure
	Testsiteof Meteo-France 
	• 
	• 
	• 
	• 
	Scatterometer Degreane DF320 (0 to 35km) 

	• Luminancemeter LU320 (0 to10,000 cd.m-2) 

	• 
	• 
	Installing a camera 640 x 480 8 bits /pixel 

	• 
	• 
	Matching weather data with the 
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	presence of shadowsand cloudy conditions, 
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	Fig:Variationsin the luminance and visibility for3daysof observation. 
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	III-2- State of the Art: Correlationbetween the gradient and the visibility 
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	• 
	• 
	• 
	Thegradient ofintensityis computedforeachpixel:it is thevariationfromblack to white 

	• 
	• 
	Theimagegradient comes from: 


	Fig:Gradientin the - Depthdiscontinuities: image :good visibility 
	-Discontinuities insurfaces orientation, -Changes inmaterial properties, -Illuminationvariations. 
	• 
	Fig:Gradientin the image :visibility is reduced by fog 
	III-3-First proposal: A robust visibility descriptor 
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	III-4-Second proposal:Selecting diffuse surfaces inthe scene Specular Diffuse Diffuse Specular •The temporalcorrelationis computed between: -The globalillumination given bythe luminance-meterand -The intensityofapixel. •Itistheconfidencethatthis pixelbelongstoadiffuse surface ofthe scene. 
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	We do not assume that allsurfaces have a diffuse behavior, but we select them in the image. 
	•
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	IV -1- Third Proposal: A newVisibilityEstimator 
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	Fig:Gradientoftheimage Fig :Confidencemap 
	•The 
	•The 
	•The 
	proposedvisibility estimatoristheweighted sumof normalized gradients 

	•The 
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	weightisthe confidence Pi, j ofeach pixeltobehaveasaLambertiansurface 
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	IV -2- Experimental validation 
	Figure
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	Fig:Proposed visibility estimator 
	Fig:Stateof the art 

	Our estimator has a more accurate response with respect to illumination variations and  is a more reproducible measurement of visibility. 
	•
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	V -Results 
	Figure
	Referencemeteorological visibilitydistance(m) Ourvisibilityestimator • Data are fitted with alogarithmicempirical model • The modelis inverted and relative errors are computed 
	~ 
	E= A + B.log(V ) 
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	Application 
	Application 
	Application 
	fog 
	haze 
	Airquality 
	Correlation 

	Rangeofvisibility 
	Rangeofvisibility 
	0-1km 
	1-5km 
	5-15km 
	R2 

	Meanrelativeerror 
	Meanrelativeerror 
	25 % 
	26 % 
	33 % 
	0.95 
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	V -Conclusion 
	Figure
	• 
	• 
	• 
	We proposeamethodwhichlinksthemeteorologicalvisibilitytothe sum ofgradientstakenonthe Lambertiansurfaces. 

	• 
	• 
	We show thatthisestimatorisrobusttoilluminationvariationson experimentaldata, 

	• 
	• 
	Thisworkhasgivenbothafundamentalandpracticalbasistoconsider deploymentofourpotentiallylife-saving real-time roadsidevisibilitymeter. 

	• 
	• 
	Ourmethodiseasilydeployable using the cameranetworkalreadyinstalled alongsidehighwaysthroughoutthe worldandtherefore ofhighimpactto trafficsafetyatmarginalcost. 

	• 
	• 
	• 
	Once deployed,ourconceptshouldincreasethe qualityandthe spatial accuracyofthe visibilityinformation : 

	– 
	– 
	– 
	can feed into weather forecastingsystems.  

	– 
	– 
	can inform drivers with speed limits under low visibility conditions. 
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	What did we do since TRB 2011? 
	1. We proposed a model-driven approach instead of a data-driven one: 
	Babari, R., Hautière, N., Dumont, E., Brémond, R. and Paparoditis, N. A Model-Driven approach to estimate atmospheric visibility with ordinary cameras. In Atmospheric Environment, 45 (30): 5316-5324, 2011. 
	2. We developed further the potential applications: 
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	Visibility Monitoring using Conventional Roadside Cameras -Emerging Applications. In Transportation Research Part C, 22: 17-28, 2012. 
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	The Decentralized Fog-Pilot 
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	Figure
	Our idea for further cooperation 
	• Develop a test bed in a California Valley subject to fog: 
	–To collect data (image, visibility, traffic) 
	–Validate the camera-based enabling technology 
	–Develop a low cost “decentralized fog pilot” 
	Innovating in Road Infrastructures with R5G – The 5Generation Road 
	th 

	Nicolas Hautière – IFSTTAR, France Chantal De La Roche – IFSTTAR, France 
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	Figure
	Need for R5G in France 
	• 
	• 
	• 
	• 
	The current image of road transport 

	– 
	– 
	– 
	Bad image 

	– 
	– 
	Environmental cost too high 

	– 
	– 
	Excluded from greening politics 



	• 
	• 
	Innovation in road transport 


	– Numerous  innovations are available in labs 
	– • 
	Lack of risk taking by public authorities (at least notional ones) 
	Technological transfer and industrialization – Need for full scale test beds 
	Figure
	– 
	– 
	– 
	Identification of implementation tools 

	– 
	– 
	Renewal of research thematics 
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	Benefits of R5G 
	• 
	• 
	• 
	• 
	Maintain the RAMS of road networks 

	– 
	– 
	– 
	Modal shift to guided transport 

	– 
	– 
	However, the road network must remain the same 



	• 
	• 
	• 
	Reinforce industrial leaderships 

	– 
	– 
	– 
	Reduce social dumping 

	– 
	– 
	Design of new business models 



	• 
	• 
	• 
	Reaching societal objectives 

	– 
	– 
	– 
	Reduction of carbon footprint of roads 

	– 
	– 
	Creation of new jobs 

	– 
	– 
	Renewal of education programs 



	• 
	• 
	• 
	Gather existing ideas and provide a solution which fulfills our future needs: 

	– 
	– 
	– 
	The adaptable road 

	– 
	– 
	The automated road 

	– 
	– 
	The climate change resilient road 
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	Figure
	• 
	• 
	• 
	• 
	A concept which will… 

	– 
	– 
	– 
	Be adapted to future transport demand 

	– 
	– 
	Provide a low cost automated transport 

	– 
	– 
	Produce substantial benefits 



	• 
	• 
	Be Forever Open 


	Figure
	Figure
	Winner of the 2011 Road Design and Construction prize – World Road Congress 
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	Figure
	Figure
	R5G embededd in a strong European alliance through FOR 
	• 
	• 
	• 
	Already included in research programs and agendas 

	• 
	• 
	Already integrated in European roadmaps 

	• 
	• 
	More to come 
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	Figure
	R5G -Design, construction and operation of full scale research demonstrators 
	• The French project R5G combines the three elements of the Forever Open Road following a systemic approach, in order to build full scale demonstrators so as to demonstrate the synergy among them and provide acceptable solutions. 
	→ The 4 elements of R5G 
	o 
	o 
	o 
	The adaptable road 

	o 
	o 
	The automated road 

	o 
	o 
	The resilient road 

	o 
	o 
	The acceptable road 


	• R5G is already successfull 
	o 
	o 
	o 
	Industry claims for a R5G label 

	o 
	o 
	SETRA claims for a common message between R5G program, innovations at early stages, and « Routes et rues » program, mature innovations for public procurement 
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	Mobility Energy Construction 
	An Example: Components for an Energy-Efficient Road Transport 
	Figure

	Recycling of Low rolling Modular Materials resistance urban Cold mixes pavements pavement 
	Mechanical Geothermal Solar energy energy road 
	Figure

	Autonomous charging management shuttles 
	Figure

	Inductive Eco-traffic 
	Figure
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	Priorities of R5G demonstrators 
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	Figure
	Innovation Themes 
	• 
	• 
	• 
	Human-centered design 

	• 
	• 
	ITS Cooperative Systems 

	• 
	• 
	Active traffic management 

	• 
	• 
	Co-modality and intermodality 

	• 
	• 
	New materials – economy of natural resources 

	• 
	• 
	Business models 

	• 
	• 
	Accidentology – road safety 

	• 
	• 
	Road as energy provider 

	• 
	• 
	Natural risks 

	• 
	• 
	Environment 

	• 
	• 
	Maintenance 

	• 
	• 
	Modular pavements 


	Figure
	The solar road by Mans Tham 
	The solar road by Mans Tham 
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	Systemic approach 
	Needs of road operators User expectations Societal objectives 
	Figure
	Resilient road 
	Figure
	R5G Demonstrators under Development 
	• 
	• 
	• 
	Energy harvesting by the road (solar, wind, geothermal, mechanical, chemical, etc.) together with our colleagues from BASt (Germany) 

	• 
	• 
	Urban eco-mobility solution to be deployed  in econeighborhoods or redesigned city hearts 
	-


	• 
	• 
	High speed automation of motorways on dedicated lanes 

	• 
	• 
	Self-explaining and efficient secondary interurban local networks 


	+ 1 dedicated taskforce related to the acceptable road 
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	Implementation 
	2010 2013 Proven Solutions 3 elements: adaptable, automated, resilient Innovation themes Needs and Requirements Best practicesIndustrialization deployment Project team Acceptablity: juridical, individual, social, environmental 2014 2018 R5G Subsystems Proving 2020 2025 R5G Demonstrators Technological components, physical integration Planning, operation strategies Policy and governance 
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	Figure
	Conclusion and Perspectives 
	• 
	• 
	• 
	The R5G project is building a fully integrated approach of road transport 

	• 
	• 
	• 
	It is currently developping four full scale demonstrators which aim at proving the feasibilty and the synergy among lots of innovations in terms of: 

	– 
	– 
	– 
	Design and construction, 

	– 
	– 
	Management and operation including vehicle operations, 

	– 
	– 
	Resilience to climate change, 

	– 
	– 
	Acceptability. 



	• 
	• 
	R5G is embedded into a strong European alliance, especially the Forever Open Road program, which is the flagship program of FEHRL. 
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	• R5G program managers 
	Questions 

	nicolas.hautiere@ifsttar.fr 
	nicolas.hautiere@ifsttar.fr 

	• 
	• 
	• 
	European affairs: FOR project, iMobility Forum, ERTRAC 

	• 
	• 
	Coordination of the different demonstrators 

	• 
	• 
	Industrial contacts related to road operation 


	chantal.de-la-roche@ifsttar.fr 
	chantal.de-la-roche@ifsttar.fr 

	• 
	• 
	• 
	Pilot of the GERI 

	• 
	• 
	Industrial contacts related to road construction 

	• 
	• 
	Contact with ADEME 

	• 
	• 
	Pilot of the demonstrator related to road and energy 
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