I. PROBLEM STATEMENT NUMBER

(To be completed by NCHRP)

II. PROBLEM TITLE

Development of Automated Pedestrian Detection for Intelligent Traffic Management Signal Systems 
III. RESEARCH PROBLEM STATEMENT

Value of Research.  Improving pedestrian safety and increasing walking modal share are important national transportation goals for public health and environmental purposes.  Pedestrian safety is a major concern in the United States.  A pedestrian is killed in a crash approximately every 110 minutes and injured every 9 minutes.  The growing population of seniors, the needs of the visually impaired, and the increasing mobility of children pose substantial challenges to pedestrian crossing safety on multilane intersections because these groups often need more crossing time----and this is a key safety factor.  
However, the MUTCD-required full crossing time (3.5 ft/sec for the pedestrian clearance interval) may be unnecessary and inefficient for any phases in which there are actually no slower pedestrians crossing.
 Automated pedestrian detection (APD) can be used to trigger pedestrian phases, extend crossing times for slower pedestrians, and curtail pedestrian phases when not needed.  This application is increasingly used in Great Britain and Australia with Puffin (Pedestrian User-Friendly Intelligent) crossings.  However, APD for signalized crossings has not been as widely accepted in North America, although APD is more widely used for actuating flashing beacons or in-pavement crosswalk lights.
Widespread, effective use of this promising technology depends on: (1) assessment and development of detector technology, (2) integration of pedestrian detection into intelligent traffic signal control systems that balance the needs of multiple users, and (3) addressing the broad range of concerns that local agency staff have about the use of APD and intelligent traffic signal control.

(1) Pedestrian Detector Technology: There is limited understanding of the range of automated detection technologies, which includes: infrared/heat sensors, microwave, pressure mats, and computer-assisted video.   Technology tests have yielded inconsistent results, with little effort to interpret and synthesize multiple test results.

(2) Intelligent Signal Control: Signal control methods should be adaptable to the complexity of using APD and other detector inputs to accommodate, in an ITS-oriented way, not only the walking speed variability but also the multi-faceted needs for all users (motorists, transit vehicles, pedestrians, and bicyclists). Artificial intelligence (AI) paradigms (i.e., fuzzy logic control, artificial neural network, genetic algorithm, etc.) hold promise to address such complicated transportation issues.

(3)Implementation Issues:  There are also significant concerns about the reliability of APD.  Furthermore, there are questions about the maintenance requirements, liability exposure, and the accessibility requirements of such devices.  There will likely be similar concerns about intelligent signal control that incorporates APD.
Connection to Ongoing Research.  This project will expand on recent accomplishments of a technical committee of the Institute of Transportation Engineers (ITE) and the University of Madison-Wisconsin.  The ITE committee is finalizing a broad state-of-the-art report on APD, considering the literature and the views of transportation engineers and planners (including completing a major on-line survey).  However, it is not undertaking original field research or case studies.  Similarly, the University of Madison work has involved simulation testing of dynamic signal systems to improve operations and safety.    The proposed project would expand on the work of both organizations by developing case studies and testing the integration of APD into novel traffic signal control strategies in field tests.  It will also explore maintenance, legal, and accessibility issues related to automated detection in greater depth.
IV. LITERATURE SEARCH SUMMARY

Potential Value of Research.  The literature supports the potential value of automated pedestrian detection and its use in intelligent traffic signal control systems.  For example, a 2008 FHWA (Federal Highway Administration) Pedestrian Safety Report to Congress emphasized the potential of automated (or passive) pedestrian detection to improve safety. However, it also found that these technologies “require additional research and extensive field testing to demonstrate and evaluate the benefits of deploying the systems.” It pointed to concerns about costs and reliability, as well as the gap between limited U.S. experience and broader European and Australian acceptance of these devices. A Pedestrian and Bicyclist Safety and Mobility International Scan Team (2009) listed passive detection of pedestrians at signalized crossings as one of several “innovative traffic signal features and design practices that have the potential to improve pedestrian safety in the U.S.” Early indications of a British study show that “Puffin crossings have a beneficial effect on safety giving a mean reduction in pedestrian accidents of 27% and a reduction of 19% overall” (UK DFT, 2009)
North American studies on APD technologies are limited, but growing.  For example, a recent evaluation of several sensors at a test bed in College Station, TX, found that infrared and microwave sensors had error rates ranging from 9% to 39% (Turner et al., 2007). Researchers concluded that “the accuracy of the sensors appeared to be very location-specific, in that pedestrian detection can be more effective in certain situations in which the pedestrian travel area is constrained.”  San Francisco’s PedSafe project tested a range of pedestrian safety measures, including using the Econolite Autoscope ™ video system to adjust crossing times and comparing flashing beacon installations: one actuated by push buttons, the other by infrared bollards (SFMTA, 2008).
Dynamic Signal Systems Studies.  The most relevant research on the use of APD in dynamic signal systems was performed by Lu and Noyce and focused on crosswalks at a mid-block point and a typical four-approach intersection in “Pedestrian Crosswalks at Mid-Block Locations: A Fuzzy Logic Solution to Existing Signal Operations” (2009).  The extension of this study, “Intersection Signal Systems with Intelligent Pedestrian Accommodation: Dynamic Pedestrian Timing” (2009), explored the concept of a dynamic PCI (pedestrian clearance interval) display which can be intelligently adaptive to variable walking speeds via developing two intersection signal systems, namely the extended NEMA system and a FLC-based signal system, in a simulation setting to address not only the issue of PCI timing but also all-user multi-faceted needs.  Both prototypes were evaluated against the current signalization methodology and proved to significantly improve operations and safety with most cases studied. 
Research Gaps.  Researchers and practitioners would greatly benefit from studies filling in knowledge gaps and a synthesis of current knowledge and promising directions. Furthermore, the literature tends to concentrate on the technical aspects of the devices or evaluation of direct impacts, without addressing broader questions relevant to wider implementation, such as liability issues and the long-term possibility of in-vehicle detection systems.

A recent on-line survey of local agencies (mostly in the U.S.) conducted by the University of Manitoba Transport Information Group and the ITE Technical Committee on Automated Pedestrian Detection also found a high level of concern about reliability and maintenance needs (Markowitz, Montufar, and Steindel, 2009). However, most respondents did not report personal experience installing or evaluating these detectors for pedestrian signal or warning device applications. 

NCHRP Project 03-103 (Update of the Traffic Signal Timing Manual) will address some automated detection issues, but it cannot possibly address these complex issues in the depth that is needed to develop fully the potential of advanced detector technologies and strategies.  Work will be coordinated between the proposed project and NCHRP Project 03-103.   
V. RESEARCH OBJECTIVES

The objective of this research is to assess and improve (1) the effectiveness of technologies for automated pedestrian detection and (2) strategies for integrating pedestrian detection into intelligent signal systems.  The focus would be on dynamic adjustment of pedestrian crossing timing instantaneously to reflect their actual needs, and to adjust other signal parameters to improve safety and efficiency.  The research would quantify potential benefits of this all-user detection approach and to identify the potential barriers to widespread implementation of successful technologies.
Scope  
Given the broad scope and the complexity of the issue, the proposed research is divided into several phases.  These phases could be conducted serially or, except for the final stage, conducted in parallel, depending on availability of resources.
Phase I – Literature Review Update

The ITE committee literature review will be updated and expanded. Particular emphasis will be placed on international experience that may not have been readily accessible through standard databases. 

Phase II – Interview Survey
Focused interviews will be carried out with experts in such areas as:

· Pedestrian safety and research;

· Maintenance of automated detection devices;

· Manufacturing and installation of automated detection devices;

· Liability and risk management issues; and

· Accessibility issues.

Interviews will aim to develop a deep understanding of:

· The most promising technologies;

· Potential to improve automated detection technologies;

· Methods to increase their effective use (especially in a dynamic signal control system aimed at meeting the needs of all users); and

· Methods to reduce problems or risks with their use.

Phase III – Case Studies
Detailed case studies of at least a dozen installations in the U.S. and abroad will be conducted. These will describe the range of automated detection installations and experience. Sites will be identified primarily through the ITE committee, which expects to complete its report around late 2010, and the project interviews. The committee provides contacts with the cutting edge research efforts, such as the University of Manitoba evaluation of APD for extreme weather conditions and the FHWA/Migma research on a stereoscopic video detector.

These will generally use advanced technology, such as stereoscopic video/infrared cameras, heat sensors, long wave infrared or millimeter wave detectors. In particular, sites will be sought that meet such characteristics as:

· Installations at intersections that would provide a range of conditions, such as pedestrian volumes and crossing distance.

· Comparison of different timing parameters and detection protocols.

· Sites that have used or would facilitate intensive data collection on pedestrian and driver behavior changes to answer such questions as whether pedestrians become aware of automated system and change their behavior and how effective devices are (false and missed activations).

· Sites with comprehensive record keeping related to costs, maintenance, reliability, legal, and accessibility issues. 

Case studies should describe:

· Site characteristics;

· Device manufacturer and design (including acceptable and desirable mounting locations);

· Installation procedures and experience;

· Pedestrian crash record and/or pedestrian-vehicle conflict record (pre- and post-installation);

· Any pedestrian, driver behavior, or attitudinal data;

· Maintenance record;

· Liability issues;

· Accessibility issues, including the use of and benefits for pedestrians with visual and mobility impairments (including detecting pedestrians in wheelchairs);

· Ability to also detect bicyclists accurately at an intersection; 

· Costs (capital and operating);

· Views of transportation engineers/planners involved in implementation; and

· Acceptance by policy makers and the community. 

Phase IV - Pedestrian Detection Systems Effectiveness and Reliability Field Tests 
The results of the literature review and case studies will be used to help shape the field tests, by:  identifying the most promising technologies, how to use them, and criteria for future tests.  Findings on maintenance and reliability issues should also be useful in minimizing potential problems that could affect the field tests.
· Based on existing typical hardware (e.g., 2070 controller etc.) and software (e.g., D4 etc.), conduct field experiments with different APD systems, including computer-aided video detection systems (e.g., Econolite Autoscope etc.) to adjust pedestrian crossing time to accommodate slower pedestrians.  The experimental intersections would be selected to provide a range of traffic conditions with different vehicle/pedestrian volumes and crossing distances.  

· Intensive data collection on pedestrian and driver behavior changes to answer questions such as: Whether pedestrians become aware of the automated system and then change their behaviors? What are impacts of providing information to pedestrians about automated detection? How effectively the tested detection devices perform (false and missed activations)?
· Comprehensive experimental record keeping of costs, maintenance, reliability, legal, and accessibility issues related to pedestrian detection systems tested.

· Experiment with other promising pedestrian detection devices with limited application experience (e.g., heat sensors, long-wave infrared or millimeter wave detectors etc.) in similar ways as above. 
Phase V – In-lab Test of the New Signal System via Hardware-in-the-loop Simulation
· Hardware-in-the-loop simulation (HILS) provides a unique and effective means of testing and evaluating the control logic newly embedded into a real-world controller in a high-fidelity simulation environment before its field implementation.  The controller interface device (CID) plays the crucial role in establishing the interface between the microsimulation software test-bed and a real-world traffic signal controller.  Therefore, one task in this phase is to develop a new CID and its support applications which effectively satisfy not only the detection input needs for pedestrian walking speeds but also the similar needs for vehicles.   
· Another task is to transplant these signal system prototypes (especially the FLC-based system) newly developed in relevant research efforts aforementioned onto an actual signal controller to implement an offline HILS-based effectiveness test under a wide spectrum of traffic conditions characterized by different vehicle/pedestrian volumes and crossing distances.  
Phase VI – Field Implementation and Test of the New Signal System
· Establish the whole traffic management architecture in the field through integrating the pedestrian and vehicle detection equipments with the new signal control systems embedded in a real-world controller.
· Conduct a sufficient number of tests at a typical field site under various traffic conditions, with the intention to evaluate the system performances in terms of efficacy, safety, efficiency, reliability, sensitivity and so forth. 
Phase VII-Report
The project report should describe the above procedures and findings. This will be summarized in journal articles and conference papers. Web pages should be prepared that can be linked to popular pedestrian safety and transportation engineering web sites (e.g., www.walkinginfo.org). Information could also be disseminated through one or more webinars, such as those sponsored by the FHWA (Federal Highway Administration)

VI. ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD

Recommended Funding:  $770,000
Research Period:  3 years (36 months)

VII. URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION

In recent years, there has been a substantial emphasis on encouraging the use of human-powered modes of transportation, such as walking.  However, encouraging pedestrian activity also requires providing safer conditions for pedestrians.  Solving problems pertaining to pedestrian safety saves lives, reduces injuries and improves the reliability of transportation systems for pedestrians.  It may also have a positive impact on travel times and congestion on roads.  
The primary contribution of this research is the intelligent accommodation for the operational and safety needs of all users.  Given the fact that there are reportedly 325,000 signalized intersections in the U.S. alone, the payoff potential of this research is significant from perspectives of both traffic safety and operational efficiency.
VIII. PERSON(S) DEVELOPING THE PROBLEM
TRB Committee on Pedestrians (ANF 10), Subcommittee on Research. 
Primary authors: George X. Lu, Ph.D. and David A. Noyce, Ph.D., University of Wisconsin-Madison Department of Civil & Environmental Engineering; Frank Markowitz, San Francisco Municipal Transportation Agency.   Contributors: Jim Misener, Executive Director, and Steve Shladover, Research Engineer, of UC Berkeley’s California PATH (Partners for Advanced Transit and Highways).  Reviewers: Robert Schneider, UC Berkeley Safe Transportation Research & Education Center; Nicolas Saunier, École Polytechnique de Montréal; Karim Ismail, University of British Columbia; John LaPlante, TY Lin International; Lois Thibault, US Access Board; Tarek Sayed, University of British Columbia; Sagar Sonar, Multimodes Engineering.
IX. Problem Monitor
(to be completed)
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Submitted by the TRB Committee on Pedestrians (ANF 10)
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