I. PROBLEM STATEMENT NUMBER

(To be completed by NCHRP)

II. PROBLEM TITLE

Development of an All-User Detection-Based Intersection Signal System Capable of Intelligent Traffic Management 
III. RESEARCH PROBLEM STATEMENT

Pedestrian safety is a significant concern in the United States, and the safety data indicate that a pedestrian is killed in a crash approximately every 110 minutes and injured every 9 minutes.  The growing population of seniors, the huge magnitude of the visually impaired, and the increasing mobility of children pose substantial challenges to pedestrian crossing safety on multilane intersections.  Given the escalating number of pedestrian casualties, transportation professionals are striving to make crossing points safer, especially for seniors, children, and the visually impaired who need more crossing time.  At a signalized intersection, pedestrians are accommodated through phasing and timing schemes.  After the “WALK” interval, the “Flashing DONT WALK (FDW)”, used as the “pedestrian clearance interval (PCI)”, is held for a predetermined duration, and is then followed by a “Steady DONT WALK (SDW)” to stop pedestrians.  The Highway Capacity Manual (HCM) prescribes that the parallel vehicular green must be at least equivalent to “WALK” plus “PCI”.  Obviously, the walking speed is the critical factor in determining how much crossing time is actually provided. 

One inherent problem is rooted in the difficulty incorporating varied walking speeds into the “PCI” timing design.  Consequently, the use of normative values has remained common: the 2003 Manual on Uniform Traffic Control Devices (MUTCD) designated a fixed walking speed (4.0 feet/second) for the “PCI” timing.  This practice has been less than effective, since its use is increasingly unsustainable given seniors, the visually impaired, and children who add significant variability to walking speeds.  The upcoming MUTCD will lower the design walking speed to 3.5 ft/sec for the PCI, and 3.0 ft/sec for the total WALK plus FDW to accommodate slower pedestrians. 
Past research has revealed that the walking speed varies considerably and ranges from 1.0 to 8.0 ft/sec, so different design speeds have been suggested for different populations.  It seems unreasonable to provide the same PCI for a young runner, an elderly cane user, or a wheelchair user.  Yet this is how current intersection signal systems operate.  Most of current countermeasures only lower the design speed to prolong PCI.  However, when the prolonged PCI exceeds the parallel vehicular green requirement, it is likely that providing a fixed longer PCI time to satisfy walking needs incurs more vehicular delays, since the additional green is also required for the parallel vehicular phase but it may be not needed for vehicular flow efficiency.  The additional green time takes green away from one or more conflicting phases, inflicting more delay on the whole intersection.  Therefore, to simplistically provide a longer PCI as a countermeasure may compromise vehicular flow efficiency, leaving the intersection operations sub-optimal.  This inefficiency becomes more significant when a much lower design speed is used, because when pedestrians walk faster the additional PCI time is wasted completely.  In a word, no matter what the design speed is, the fixed PCI cannot take all variability into account. 
A significant challenge faced by existing intersection signals is the complex nature in which they must operate.  Traffic signal controls must consider many often mutually competing or even conflicting objectives related to the needs of different users.  “As the complexity of a system increases, our ability to make precise and yet significant statements about its behaviors diminishes, and significance and complexity become almost mutually exclusive characteristics (Kosko)”.  Signal control methods should be adaptable to this complexity, namely dynamic environments governed by traffic signals.  In recent years, there has been increased interest in exploring the feasibility of harnessing artificial intelligence (AI) paradigms (i.e., fuzzy logic control, artificial neural network, genetic algorithm, etc.) to address complicated transportation issues for the betterment of transportation systems.  In summary, since it is desirable to achieve a compromise among competing objectives that will ensure operational efficiency and safety needs for all users of a signalized intersection, this research is intended to develop novel signal control strategies and systems that accommodate, in an ITS-oriented way, not only the walking speed variability but also the multi-faceted needs for all users. 
IV. LITERATURE SEARCH SUMMARY

Many research projects have been conducted to address pedestrian safety related issues at crosswalks, but very few studies specifically address both the safe PCI timing and vehicle efficiency issues stated above.  The most relevant research in the TRB database were performed by Lu and Noyce and focused on crosswalks at a mid-block point and a typical four-approach intersection.  The first research, “Pedestrian Crosswalks at Mid-Block Locations: A Fuzzy Logic Solution to Existing Signal Operations” (2009) which was conducted in a microscopic simulation approach, shows that a common signalization scheme (PUFFIN) solves the timing problem for slower pedestrians at a mid-block crosswalk per pedestrian detection, but does not encompass enough safety elements and human factors in its control logic for all-user multi-faceted needs.  Given the fact that fuzzy logic control (FLC) proves very effective and adaptive in pursuing multiple competing objectives, this research developed a FLC-based signal system and evaluated its performance.  The result shows the new signal system effectively controls the signal timing and outperforms PUFFIN from both safety and operation perspectives.  As the extension on the first research, the second effort, “Intersection Signal Systems with Intelligent Pedestrian Accommodation: Dynamic Pedestrian Timing” (2009), explored the concept of dynamic PCI 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 – especially the FLC-based system accounting for multi-faceted needs of all intersection users in its control logic. 
V. RESEARCH OBJECTIVES

Currently, radar is commonly used as an ITS technology to detect approaching vehicles at an intersection or pedestrians at mid-block crosswalks for “operational” purposes.  This research hypothesizes, in addition to reliable vehicle detection for control purposes, some existing detection technologies can be applied to effectively capture real-time pedestrian walking speed/location data to accommodate the data input need in an new intersection signal system.  Therefore, the PCI can be dynamically adjusted to reflect the crossing time instantaneously needed by pedestrians, enhancing crossing safety and reducing the negative impact upon vehicular flow efficiency.  Simultaneously, with the all-user based detection the multi-faceted needs can be fulfilled in the signal control logic.  Given the broad scope and the complexity of the issue, the proposed research is divided into three phases to boost the field implementation of the new signal system.  These phases could be conducted serially or, except for the final stage, conducted in parallel, depending on availability of resources.
Phase I – Pedestrian Detection Systems Effectiveness and Reliability Field Tests 
· Based on existing typical hardware (e.g., 2070 controller etc.) and software (e.g., D4 etc.), conduct field experiments with different 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 in relevance to 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 II – 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 III – 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. 
From an ergonomic perspective, it is useful to view traffic operations at a signalized intersection as having three distinct dimensions for analysis: (1) traffic signal control system; (2) motorized vehicles; (3) crossing pedestrians (or non-motorized vehicles).  The proposed research is intended to address exhaustively the essence, and the interactions, of all three dimensions to pursue an improvement in service quality for all users, especially pedestrians, at a typical intersection.  Technologically, it reflects as well as advances the integration of multiple disciplines pertinent to transportation engineering.  The exploratory work in this research mandates research spanning multi-faceted technologies and resolving technical problems most of which will be explored for the first time in the knowledge body of transportation engineering.  Accordingly, this research will be a steppingstone for opening new research areas and multidisciplinary research in traffic operations.  As the number of interactions between pedestrians and vehicles increases, this research can be instrumental in improving both the operational efficiency as well as the safety of all intersection users. 
VI. ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD

Recommended Funding:  $570,000
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 a solution to the debate on appropriate walking speed and the intelligent accommodation for the operational and safety needs of all users.  With dynamic PCIs, a fixed walking speed of 3.5 or 4.0 feet/second is no longer an input variable in calculating PCI times.  Walking speeds are evaluated in real-time and the traffic signal operations adjusted accordingly.  More importantly, this research perhaps first addresses the issue of how to holistically integrate all users into a systematic signalization optimization in terms of newly developing an ITS-oriented signal system which is fully capable of intelligently accommodating pedestrians and servicing motorized vehicles.  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.
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