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1. Project Summary

1.1 Problem

ACCESS Transportation Systems is a door-to-door, advance reservation, shared ride transportation service provided throughout Port Authority's service area and serves primarily senior citizens and persons with disabilities. One currently acknowledged operational problem is an inability to effectively manage schedules as they are executed through the day and real time conditions (e.g., traffic congestion, a driver calls off, etc.) force changes. In current practice, the Dispatcher makes re-allocation and re-routing decisions manually with the help of basic map-based tools, and given the time pressure and decision complexity, the decisions that are taken are often not the most cost-efficient. Further complicating the schedule management problem are policies that give drivers certain degrees of execution flexibility (e.g., the order of pickups can be adjusted as long as rider constraints are met), and make it more difficult to track progress and recognize the need for schedule change.
1.2 Project Goals
The goal of this project is to improve the decision-making capability of the human dispatcher by providing a dynamic, real-time rescheduling tool. To promote greater efficiency in operations, techniques will be developed for generating multiple cost-minimizing re-allocation and/or re-routing options. To promote continuity in operations, attention will also be given to maintaining schedule stability where possible when generating rescheduling actions. To enable more accurate tracking of progress and detection of schedule problems, schedules will be represented and maintained in a manner that allows driver flexibility while ensuring feasibility as real-time status updates are received. Our hypothesis is that the tool we propose to develop will enable the dispatcher to detect problems based on evolving real-time conditions faster, to respond to detected problems more quickly, and to produce better quality decisions. The net benefit will be a significant increase in the efficiency of ACCESS operations. In the longer term, the introduction of such rescheduling technology raises the potential to provide riders with more flexible service, for example, allowing same day reservations without sacrificing other known service level constraints.
1.3. Technical Basis
Our prior research in several other complex dynamic, resource allocation domains (e.g., short-term airlift scheduling for the USAF Air Mobility Command, manufacturing shop floor control, collaborative disaster response planning and execution) has produced a range of incremental scheduling techniques that appear well-suited for addressing the reactive requirements of the ACCESS rescheduling problem. These techniques generally promote controlled, localized change, while attending to relevant optimization criteria. Further, recent work in the disaster response domain has investigated the closed-loop integration of such rescheduling procedures with real-time information updates, using such information as the current location and carrying state of various agents to detect problems and drive the rescheduling process. We will build on these technology results to develop a dynamic rescheduling tool for ACCESS. One important challenge will be integrating these reactive mechanisms with techniques for representing, generating, and maintaining “robust” schedules that provide drivers with appropriate execution flexibility.
1.4 Methodology and Expected Results 
We will validate the developed scheduling tool on scenarios developed in collaboration with the user (dispatcher) and based on real ACCESS data.  Prior to this validation step, we will stress test the tool via execution in a simulated road network and traffic condition environment. We will deliver an initial version of the tool at the end of the project, and pursue opportunities for additional funding to take the next step and perform an extended user study to quantify the efficiency gains that it enables.
2. Project Tasks and Schedule
The proposed project will be carried out over a 9 month period, and involve the following principal subtasks.
2.1 Problem Analysis – During the first month, we will meet with ACCESS personnel (in particular the dispatcher) to specifically identify the constraints of their problem and the objectives they seek to maximize.  Furthermore, we will classify the types of dynamic events they incur during their daily operations and the types of responses they have to these events. 

2.2 Scheduler Development – During the next four months, we will develop the real-time scheduler.  Fundamental to this development is designing an appropriate representation to capture all the constraints in the ACCESS problem and implementing the specific algorithms tailored to those constraints and the overall objectives.  Of specific research interest are algorithms that support schedule stability (maintaining same or similar resource allocations over schedule revisions where possible) and provide for driver flexibility, where multiple orderings of certain sets of tasks are guaranteed to be feasible within the resulting schedule.  In addition to the algorithms, we will investigate route-planning mechanisms (both local planning by applying shortest-path analysis on static road vector data and remote planning using online services such as Google maps), select the most appropriate, and integrate with the scheduler.

2.3 Reactive Infrastructure Development – During the next two months, we will embed the scheduler in a reactive infrastructure service that will take in updates, such as longer durations for tasks and breakdowns of resources, and invoke the scheduler to produce scheduling options.  Part of the development of this component is designing a messaging protocol that serves as the API to the service.  Also, a tangential requirement will be developing a mechanism to get the current GPS positions of the vehicles.

2.4 Graphical User Interface Development – Overlapping with previous two months and extending into the next month, we will work with ACCESS to design and implement a graphical user interface (GUI) for the dispatcher to interact with the system.  We will integrate the GUI with the scheduling service.

2.5 Evaluation – During the final month, we will evaluate the system through simulation and actual feedback from ACCESS dispatchers, who will try out the system in a simulated environment.  In the previous month as the GUI is being developed, the simulator, based on an existing taxi simulator, will be extended to emulate the ACCESS domain. 

3. Research Team

The CMU team will consist of Dr. Stephen F. Smith, Research Professor of Robotics (RI) and Director of the Intelligent Coordination and Logistics Laboratory (ICLL), Dr. Zack Rubinstein, a System Scientist in RI/ICLL, and a Master’s or Undergrad student in the Human-Computer Interaction Institute (HCII). Dr. Rubinstein will have responsibility for developing the core scheduling tool. Dr. Smith will oversee analysis of the ACCESS problem and design of the scheduling tool, and will direct the HCII student in the development of the User Interface.
4. Collaborative Partners

We have had initial conversations with both Karen Hoesch (Executive Director) and Jeff Joll (Associate Director) about the real-time ACCESS scheduling problem (leading to our current understanding as expressed above), and the prospects of us providing the sort of tool proposed here. There is definite interest on their part and we believe that they are committed to providing us with the time and data that we require to fully understand their problem and be successful in the tool we intend to transition. We are scheduled to meet with Jeff Joll at CMU on Decmeber 8th, 2009 to further discuss the ACCESS problem and continue to build understanding.
5. Estimated Cost: $75,000
6. Other Potential Sources of Support and Prospects for enabling future R&D funding

At present we have no other identified sources of support for this work.  Perhaps the Port Authority may be willing to provide some follow-on funding if we are successful, but we have not pursued this possibility.  We are interested in any suggestions and help that can be provided in this regard.
