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I. PROBLEM STATEMENT NUMBER (to be completed by NCHRP staff)
II. PROBLEM TITLE

Evaluation of Automated Pedestrian Detection Technologies
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. One way to help achieve these goals is by improving the effectiveness of pedestrian signals and special warning devices (such as flashing beacons or in-pavement crosswalk lights). While these devices can be actuated with pedestrian push buttons, numerous studies have shown that roughly half of the pedestrians will not use push buttons (or find them physically difficult to use) (Zegeer et al. 1985). 
It is also a significant problem when pedestrians use the push button at a signalized crossing but cross before receiving the WALK signal. With recent MUTCD changes to encourage longer pedestrian crossing times at signalized intersections (Fitzpatrick et al. 2007), traffic engineers are under pressure to accommodate occasional slower pedestrians while limiting delays to traffic. Automated detection can be used in place of push buttons to trigger pedestrian phases, but also can be used to extend crossing times for slower pedestrians and to curtail pedestrian phases when not needed. This application is increasingly used in Great Britain and Australia with Puffin (Pedestrian User-Friendly Intelligent) crossings. In fact, Puffin signals have become the standard for new pedestrian crossing signal installations in Great Britain. However, Automated Pedestrian Detection (APD) for signalized crossings has not been as widely accepted in North America.
There is limited understanding of the most effective technologies for automated detection, partly because of the great variety of technologies that are available. The growing range of automated detection technologies includes: infrared, microwave, heat sensors, pressure mats, and computer-assisted video. There are significant concerns about the reliability of automated (or passive) detection devices. Furthermore, there are questions about the maintenance requirements, liability exposure, and accessibility requirements of such devices.
This project should result in more effective and wider use of automated pedestrian detection by increasing awareness of existing systems, knowledge about system capabilities, and information about installation.  It will also demonstrate the value of Intelligent Transportation Systems (ITS) improvements that benefit pedestrians.
Connection to Ongoing Research. This project will expand on the work underway by a technical committee of the Institute of Transportation Engineers (ITE). That committee is developing a broad state-of-the-art report on automated pedestrian detection, 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.  The proposed project would expand on the work of the ITE committee by developing case studies.  It will also explore maintenance, legal, and accessibility issues related to automated detection in greater depth.
IV. LITERATURE SEARCH SUMMARY

The literature on automated pedestrian detection supports the potential value of these technologies. 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.” The tour was sponsored by the FHWA, the American Association of State Highway Transportation Officials (AASHTO), and the National Cooperative Highway Research Program (NCHRP).
Another broad synthesis report on Intelligent Transportation System (ITS) measures for pedestrian safety noted the limited use of push buttons and the value of automated detection for adjusting pedestrian crossing time at signalized intersections and actuating warning devices (Bechtel, Geyer, and Ragland, 2004). It found no published studies on the actual crash impacts of automated detection systems and only two with rigorous statistical analysis of the effectiveness of such systems.

The literature includes limited material on the technical capabilities of different types of detectors. The Pedestrian and Bicycle Information Center provides a web survey of features of passive pedestrian detection related to Accessible Pedestrian Signals (www.walkinginfo.org/aps/7-17.cfm). 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.”
However, some technologies are new with very limited information, let alone evaluation, on them.  Two recent examples are infrared heat sensors and stereoscopic video cameras (Eco-Compteur, 2008; Gibson et al., 2009) .

The literature on actual experience with automated detection is increasing.  For example, 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).  

Overseas experience is also valuable and needs to be related to North American conditions and concerns.  For example, British researchers examined the Puffin crossing technology for extending crossing time and canceling the pedestrian call from the push button (TRL, 2005). They found the pedestrian call was rarely canceled.

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 (e.g., counting accuracy), without addressing broader questions relevant to wider implementation, such as impacts on safety, user acceptance, or liability issues.
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. 

Vehicle-based driver warning and collision avoidance systems are being introduced both in research projects and by selected automakers. For example, in fall 2010 Volvo plans to introduce a pedestrian collision avoidance system that would include completely automated braking if a collision with a fixed object or pedestrian appears imminent (AutoEvolution web site, 2009).

V. RESEARCH OBJECTIVE
The objective of this research is to assess and improve the effectiveness of technologies for automated pedestrian detection, especially technologies to adjust pedestrian crossing time at signalized intersections. The research effort will quantify the potential benefits of automated pedestrian detection and identify the primary issues (including accessibility, cost, liability, and maintenance) that need to be resolved.  One of the major tasks of this project will be to conduct case studies to evaluate the accuracy and reliability of leading automated detection technologies.
Scope. The proposed research will include the following steps:

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. 

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; and

· Methods to reduce problems or risks with their use.

Interviews will involve mailing of a list of questions, with a pre-arranged follow-up interview to clarify and expand answers. Interviewees and issues will be identified primarily through the work of the ITE committee. Interviews will develop an in-depth understanding of how APD is used for Puffin crossings, especially in the U.K., and what are the barriers to similar deployments in the U.S. and Canada. Also, interviews will be conducted with experts in vehicle-based detection and driver warning devices to determine if in the mid- to long-range future, such on-board systems could be more effective than signals or roadside warning devices.

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 and the project interviews. These will generally use “cutting edge” 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. 

Device effectiveness will be assessed, where available, on such criteria as:

· Detection error measures (e.g., missed detection rate, false activation rate, plot of missed detections and false detections on a receiver operating characteristic (ROC) curve)
· Ability to count pedestrians and/or calculate speed; and

· Impact of environmental conditions on device effectiveness (e.g., precipitation, lighting, sun angles, temperature, wind).

· Impact of surrounding land uses on device effectiveness (e.g., proximity of buildings, proximity of loud or busy activities, such as train stations, industrial factories, or amusement parks)

These evaluation criteria will be carefully defined to minimize the impacts of subjective assessment by different personnel.

Case studies should include photos, installation layout plans, device specifications, and timing parameters (where available). Sufficient context should be provided to understand the issues involved (e.g., was there serious consideration of installing a traffic signal at the site).

Case studies will be summarized in 2-4 page project descriptions, suitable for report and web distribution. In addition, there should be a comprehensive synthesis of case study findings, addressing such issues as:

· Existence of or potential for cost-effective APD devices;

· Potential for widespread North American use of cost-effective APD devices; and

· Further research needed.

Limited travel is expected. Case studies should be primarily conducted with the assistance of transportation engineers and planners based near the installation sites, ideally already familiar with the devices. The ITE committee on this topic, which expects to complete its report around late 2010, will serve as a valuable information resource. The committee’s work and contacts will be useful in identifying key recent and ongoing research not yet documented, such as University of Manitoba field studies on device effectiveness in extreme weather conditions and the Migma/FHWA field tests of a stereoscopic video camera detector, with special attention to accessibility benefits.

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:

$300,000 
Research Period:

18 months
VII. URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION
This research project would directly address pressing questions in pedestrian safety. Automated detection of pedestrians is central to improving the effectiveness of signalized intersections and also warning devices at uncontrolled crossings. 
The results of the research would likely be published in an NCHRP report and disseminated through conferences, journal articles, websites (e.g., Walkinfo.org), and webinars. Dissemination of use of the results should contribute significantly toward improvement in pedestrian safety
VIII. PERSON(S) DEVELOPING THE PROBLEM

TRB Committee on Pedestrians (ANF 10), Subcommittee on Research. 
Primary authors: Frank Markowitz, Senior Transportation Planner, San Francisco Municipal Transportation Agency; Jim Misener, Transportation Safety Research Program Lead, and Steve Shladover, Research Engineer, of UC Berkeley’s California PATH (Partners for Advanced Transit and Highways).  Reviewers: Nicolas Saunier, École Polytechnique de Montréal; Karim Ismail, University of British Columbia; Dietmar Bauer, Austrian Institute of Technology; Robert Schneider, UC Berkeley Safe Transportation Research & Education Center; Sagar Sonar, Multimodes Engineering.
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