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Executive Summary
This close-out report presents the objectives and work that was conducted for the evaluation of the Transit Buses as Traffic Probes project.  The Transit Buses as Traffic Probes project is one of four subtasks under the IPAS I evaluation of the Oregon Regional Intelligent Transportation Systems (ITS) Integration Program (Task 9822).   The four subtasks under this task are as follows:

· Transit Tracker

· I-5 Barbur Boulevard Parallel Corridor Traffic Management Demonstration Project

· COATS Bi-State Rural Project

· Transit Buses as Traffic Probes

This close-out report addresses the following:

· Presentation of the project background, objectives, and expected benefits

· Review of the evaluation objectives and approach

· Description of what happened with the project since its initiation in 2001

· Summary of the evaluation activities that were completed in Phase II (pre-deployment) of the evaluation

· Discussion of the institutional issues and lessons learned

The Probes evaluation is being closed out, as the project is now on hold after experiencing extensive deployment delays, with no clear indication of when the project may be deployed.  

The premise of the Probes project was to use transit buses to expand the effective transportation management coverage area in the region from primarily just the freeway system to include the arterial roadway network.  The transit buses, already in the traffic stream and collecting real-time speed and location data, would be used to determine real-time arterial performance information, which could be used by traffic managers.  The expected benefits of the Probes project were to allow the agencies to better monitor and manage the transportation system, fill the gaps in network management, and improve mobility and customer satisfaction by providing more complete and accurate pre-trip information.  

While the evaluation approach was to include conducting interviews and surveys, reviewing daily bus activity logs, and conducting an institutional issues evaluation, the only evaluation activities that were to take place prior to deployment were to baseline the institutional issues and to document any lessons learned in the pre-deployment phase of the project.  The evaluation team did baseline the institutional issues by conducting a focus group and interviews with various project partners in July 2006.  During the focus group and interviews, the partners identified few major issues or challenges.  The partners did identify some minor technological issues, which were being worked out.  While these minor technological issues did impact the Probes deployment schedule prior to July 2006, the primary deployment delays from that point to the present were due to the Stop Announcements project taking priority over the Probes project, which took the necessary resources away from the project.  

The latest word from the project partners is that the project is still a fairly simple one to implement, and that there is an agreement between ODOT and TriMet that as soon as the higher priority project is complete, TriMet will complete the Probes project at their expense.  The timeline for this; however, is unknown.
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Introduction

This close-out report presents the objectives and work that was conducted for the evaluation of the Transit Buses as Traffic Probes project.  The Transit Buses as Traffic Probes project is one of four subtasks under the IPAS I evaluation of the Oregon Regional Intelligent Transportation Systems (ITS) Integration Program (Task 9822).   The four subtasks under this task are as follows:

· Transit Tracker

· I-5 / Barbur Boulevard Parallel Corridor Traffic Management Demonstration Project

· COATS Bi-State Rural Project

· Transit Buses as Traffic Probes

As each of these projects represents a unique and different ITS deployment, each project was treated as a separate and independent subtask under this task.  Individual final evaluation reports were submitted for the Transit Tracker and I-5 / Barbur Boulevard subtasks, and these reports are posted on the U.S. Department of Transportation (U.S. DOT) ITS Joint Program Office’s Electronic Document Library website.
,
  A final COATS Phase III Technical Memorandum was submitted to the U.S. DOT on December 19, 2003.
The Transit Buses as Traffic Probes subtask, the final subtask to be completed under this task, is being closed out, as the project is now on hold after experiencing extensive deployment delays.  This close-out report addresses the following:

· Presentation of the project background, objectives, and expected benefits
· Review of the evaluation objectives and approach
· Description of what happened with the project since its initiation in 2001
· Summary of the evaluation activities that were completed in Phase II (pre-deployment) of the evaluation
· Discussion of the institutional issues and lessons learned

Project Background

The transportation agencies in the Portland metropolitan area have a history of collaborating and coordinating on transportation projects, particularly ITS projects, in an effort to provide an efficient and seamless transportation system to the traveling public.  One element of this transportation system, on which the transportation agencies have been particularly focused, is traffic and incident management.  Many projects, including two of the four projects evaluated under this Task (i.e., I-5/Barbur Boulevard Parallel Corridor Traffic Management Demonstration Project and Transit Buses as Traffic Probes) have focused specifically on traffic and incident management.  
Problem Statement

With a focus on traffic and incident management, the partnering transportation agencies began looking alternative approaches to transportation management.  While the Oregon Department of Transportation (ODOT) has instrumented the regional freeway system for transportation surveillance and management purposes, they felt that managing traffic and incidents primarily just on the freeway network was limiting and that more could be done to efficiently and effectively manage their transportation network.  Expanding the coverage area for transportation management by instrumenting the arterial roadways with traffic surveillance equipment, however, has proven to be cost prohibitive.  The Transit Buses as Traffic Probes project (subsequently referred to as the “Probes” project) was developed to as a way to expand the coverage area for transportation management in the region, without spending limited resources on expensive instrumentation equipment.  
Project Goal

The goal, then, of the Probes project was to expand traffic management from primarily the freeway network to more complete coverage of the local area that would include the arterial roadway network.  The project partners were to develop and deploy an integrated regional subsystem to collect and process real-time transit bus operational data, and effectively apply that data for use as traffic probe data in the determination of regional arterial traffic network status.  This enhanced information was to be used by state and city traffic managers in system operations, management, and control and was to eventually be disseminated to the public as added content for the Regional Transportation Status Web Site and as value-added arterial data for presentation at the ATIS Sustainable Business interface.
As part of their on-going collaboration and coordination, ODOT, the City of Portland, and TriMet (the largest transit provider in the region) worked together to develop the concept of using transit buses as traffic probes to provide arterial roadway performance information in the Portland area.  At the project’s conception, Tri-Met’s buses had the capability of collecting and post-processing bus operation data, including schedule adherence, for consideration in fixed-route scheduling, and Tri-Met was beginning to share these data with local jurisdictions for operational use.  With this existing technology, the agencies saw the opportunity for the equipped buses to serve as traffic probes that could provide speed and travel time data for real-time management of traffic signals as well as for analysis of corridor performance (1).
How the System Was to Operate
Each TriMet bus is equipped with a bus dispatch system (BDS).  The BDS includes AVL, automatic passenger counters, wireless communications, and stop-level data archiving capabilities. The BDS records bus arrival and departure times at each geo-coded bus stop, as well as recording the maximum instantaneous speed achieved between stops.  As the buses are already in the traffic stream, it was assumed that they could be used as probe vehicles to collect speed and travel time data that can be used to determine real-time arterial performance.

The idea was that Tri-Met buses would travel along a number of key corridors in the Portland area and that they would report travel times or speeds on selected street segments determined to be of interest to the City of Portland or ODOT.  The real-time collection of speed data on several river crossings was of particular interest, as these river crossings tend to be congestion points in the system, and buses would be traveling with the mixed-flow traffic on these bridges (i.e., there are no transit stops on the bridges).

These data would allow the agencies to better monitor and manage the transportation system and would fill the gaps in network management.  In addition to making the local transportation agencies aware of the performance status on the local transportation network, the agencies envisioned providing this performance information to travelers seeking pre-trip information.  Specifically, the information collected from the buses would be color-coded and added to the ODOT network status maps that are available on ODOT’s website.    

Expected Benefits of the Project

The expected benefits of the Probes project, as defined by the project partners, included:

· Better information with which to make traffic and incident management decisions

· More efficient operation of the freeway and arterial transportation network

· More accurate information disseminated to the public
· Increased traveler mobility
· Increased customer satisfaction

Evaluation Objectives and Approach
This section presents the original objectives of the national evaluation, as well as a summary of the evaluation approach, as outlined in the Oregon Regional ITS Integration Program Final Evaluation Plan (2).
Objectives
The major objectives of the evaluation of the Probes project were to assess the system’s ability to:

· Provide better, more complete, traffic condition information to traffic managers

· Provide more complete and accurate pre-trip information to the public

· Increase traveler mobility and customer satisfaction
These objectives were designed to be in line with the expected benefits of the Probes project previously listed.  

Evaluation Approach

Table 1 presents an overview of the approach to the evaluation.  The first column lists the objectives of the evaluation.  The second column presents the hypotheses, associated with each evaluation objective, that were to be tested during evaluation of the Probes project.  Columns three and four show the measures of effectiveness (MOEs) and the data sources/requirements, respectively, that would be used to test the hypotheses.  Due to the nature of the deployment and the objectives of the evaluation, all data were to be collected post-deployment rather than on a before-and-after basis.    

Table 1.  Transit Buses as Traffic Probes Evaluation Approach 

	Objective
	Hypothesis
	MOE
	Data Sources or Requirements

	Provide better, more complete, traffic condition information to traffic managers
	Real-time information from buses as traffic probes will improve information to traffic managers.
	Utility of information


	Surveys/interviews with traffic managers

	
	
	Reliability of information
	Daily bus activity log (when stopped, for how long, maximum speed, etc.)

	Provide more complete and accurate pre-trip information to the public
	Real-time network travel time information will provide additional and more accurate pre-trip information to the public.
	Accuracy of information
	Website survey

	
	
	Amount of roadway from which real-time traffic data are gathered
	Road maps, project plans, and project descriptions/coverage area.

	Improve traveler mobility and customer satisfaction
	More detailed pre-trip information will traveler mobility and customer satisfaction.
	Customer satisfaction ratings
	Website survey

Website use


The plan was to make use of post-deployment surveys and interviews to determine whether or not the Probes project met the objectives of the project partners.  Surveys or interviews were to be conducted with traffic managers to determine the utility of the probes information in their day-to-day management of incidents and traffic in the area.  Surveys were to be disseminated via the ODOT website to determine the public’s perception of the usefulness and accuracy of the information, as well as the impact of the information on their mobility and overall satisfaction.  
In addition to surveys and interviews, the evaluation was to make use of daily bus activity logs to “spot check” and validate the reliability of the information.  In other words, the information from the bus activity logs, which report when the buses stopped, how long they were stopped, and their maximum speeds, could be compared to the post-processed information coming to the traffic managers regarding the real-time performance status of the same street segments to determine if the system was reporting reliable information.  Also, once the system was fully deployed, the evaluation was to determine the percentage increase in coverage area (amount of roadway from which real-time traffic data were gathered) for traffic management.

Finally, the evaluation team was to conduct an institutional issues evaluation to determine qualitative lessons learned during implementation and operation.  This institutional issues evaluation was to be done on a before-and-after basis.  Talking with project partners prior to deployment would set a baseline for coordination and cooperation processes and project expectations.  Talking with project partners post-deployment would then provide the opportunity to determine if problems arose and, if so, how the partners dealt with the problems.
What Happened
The Probes project was initiated in February 2001, with an estimated completion date of April 2003.  As of September 2006, the project had yet to be deployed.  The following list provides a trail of information received from the project partners between February 2002 and August 2006 regarding the status of the Probes deployment and the reasons for the delays:
· February, 2002—ODOT sent a copy of a project progress report, which stated that National Engineering Technologies (NET) had finished the preliminary analysis for the Bus Probe requirements for the TransPort ATMS.  Tri-Met and Orbital Sciences Corporation (Orbital) were working on adding tasks to their existing contract to make changes to TriMet software and firmware that were required for the project.
· July 2002—TriMet reported that they were still working to get Orbital under contract and that no software design had begun.

· Early 2004—TriMet reported that the deployment would not take place until January 2005.  
· July 2004—SAIC conducted the baseline institutional issues focus group and surveys in Portland.

· August 2004—TriMet reported that the deployment would be pushed until June 2005.  The delay was said to be due to hardware issues in getting the memory installed and therefore the firmware for “activation points”. 

· August 2005—TriMet reported that the project deployment had been delayed to November 2005.

· October 2005—TriMet reported that the project deployment was now expected for March/April 2006.  Deployment delays were said to be due to “issues with the programming resources that are dedicated to other projects”.
· April 2006—TriMet reported that the project was still delayed, as the Stop Announcements project continued to take precedence over the Probes project, and that their IT Department development resources were expected to be allocated toward this other project until at least June 2006.

· June 2006—TriMet reported that the deployment would be delayed until at least January 2007.

· August 2006—TriMet reported that the project was officially on hold.    

Therefore, as of the end of 2006, the Probes project is not progressing and it is unclear as to the future of the project; although the project partners still see value in the project.  In fact, ODOT reported that they do have an agreement with TriMet that as soon as the Stop Announcements project is complete, they will complete the Probes project at their cost.  The timeline for when this will happen, however, is unclear and could not be articulated by the project partners.  Based on this information, the U.S. DOT made the decision to close-out the evaluation.

Summary of Evaluation Activities

The only evaluation activities that were to take place prior to deployment of the Probes project were to baseline the institutional issues and to document any lessons learned during the pre-deployment phase of the project.  This activity took place in July 2004 in the form of a focus group and individual interviews with several of the primary project leaders.  The focus group is described in more detail below. 
Institutional Issues Focus Group

In mid-2004, it appeared, based on information received from the project team, that the Probes project was nearing deployment in January 2005.  With this information, SAIC scheduled and conducted a focus group with the project partners, as well as several follow-up interviews with project leaders.  The focus group was held on July 9, 2004 at TriMet, and the interviews were conducted the following day on July 10.  Focus group participants included the following:

· John Lutterman, TriMet (responsible for vehicle firmware and integrating system on buses)
· Dennis Mitchell, ODOT, Traffic Engineer
· Jack Marchant, ODOT, ITS architect
· Paul Hess, TriMet, Programmer
· David Crout, TriMet, Analyst
· Rob Bertini, Portland State University (researcher conducting quantitative evaluation of project)
The focus group was conducted as part of the institutional issues evaluation to obtain feedback from the project partners on issues such as communication; information sharing; project development, technology, scheduling, and costs; and lessons learned during the pre-deployment phase of the project.
The findings from the focus groups and interviews are presented and discussed below under “Issues and Challenges”.
Portland State University Evaluation
Independently of the national evaluation, and with no funding from ODOT or TriMet, Portland State University (PSU) conducted a small quantitative evaluation of the Probes project, which was later published in a paper titled, “Arterial Performance Measurement Using Transit Buses as Probe Vehicles” (3).  The PSU researchers became aware of the Probes project and felt that a statistically valid evaluation was necessary.  Thus, PSU independently embarked upon their own version of an evaluation using very limited PSU funds and class projects to leverage the project results.  The following is a brief summary of their evaluation approach and results.
PSU used two sources of data to assess arterial performance along a 2.5-mile segment of Powell Boulevard:  (1) data from TriMet’s bus dispatch system (BDS) and (2) ground truth data collected by probe vehicles equipped with global positioning systems (GPS) sensors traveling with normal traffic on the same arterial on the same days of the week.  Performance characteristics, as described by the BDS data, were then compared with the ground-truth GPS data from the probe vehicles to draw conclusions regarding the utility of the transit data for real-time advanced traffic management and traveler information systems.  

Bus and test vehicle trajectories (plots of vehicle location versus time) were used to measure variations in speed and travel time.  To better understand the relationship, hypothetical and pseudo bus trajectories were also investigated. Hypothetical buses were defined as buses traveling as if there were no stops and pseudo buses were defined as buses traveling as if they traveled at the maximum speed recorded for each link.

The researchers concluded from this preliminary study that actual arterial traffic conditions can be described using transit vehicle probe information. From the set of transit data used, the bus trajectory generated from the maximum instantaneous speed achieved between each stop pair was found to most reliably depict the traffic movement of non-transit vehicles. The study found that the test vehicle corridor travel time was 1.3 times the pseudo bus travel time. Conversely, it was shown that the test vehicle speed was 0.79 times the maximum instantaneous speed achieved by the buses. On the Ross Island Bridge it was found that the test vehicle speed was the same as the pseudo bus speed. 

Issues and Challenges

During the July 2004 focus group, the project partners were asked about issues and challenges associated with the development and pre-deployment of the Probes project.  The issues/challenges addressed included those that relate to technology, project schedules, project costs, and communication or interagency issues.
Overall the partners identified few major issues or challenges.  The project partners were very optimistic about the deployment of the project.  They communicate well and have no issues with data sharing.  There were some minor technological issues that appear to have been resolved; however, these issues did have impacts on the deployment schedule.  The biggest technological and schedule issues appear to have involved the working relationship with the vendor, the amount of resources available to implement the project, and internal issues to TriMet that involved a shift in priority to another project.  This section summarizes the issues that were articulated by the project partners in July 2004.   

It appears that one of the biggest challenges in initially getting the Probes project underway was to determine what system upgrades were needed and then to make the appropriate upgrades.  TriMet determined that to get the firmware to work for the project, “activation points” had to be implemented.  These activation points would enable them to say, “begin logic”, at a given point and then, “end logic”, at another point and then to transfer the data message.  They first needed to add memory to vehicle equipment sets and then change the back-end scheduling system to enable the insertion of activation points into the schedule.  This was something that had to be done anyway, regardless of the Probes project, since the activation points support other projects, including signal priority and stop announcements.
The challenge was that the memory needed to expand the system was no longer manufactured. TriMet had to go through brokers and ask them to search through back rooms to find pieces.  Through this process, they eventually found someone who had enough memory.  

As far as the project schedule, ODOT indicated in July 2004 that they had hoped the project would have already been implemented.  However, because of the things TriMet had to do prior to starting the project, it made the schedules for the two agencies different. ODOT got as far as they could on their side and then had to wait. 
From TriMet’s perspective, the largest schedule delay was waiting for activation points, which had to be implemented by their AVL vendor, Orbital.  There were two critical-path items for TriMet to get activation points:  working with Orbital and the memory upgrade.  TriMet reported that there was a learning curve for Orbital to implement the activation points, as well as a resource allocation problem. At one point, TriMet held a conference call with Orbital to express discontent at the lack of resources allocated towards this task. Orbital was in a mode where all resources went to new deployments, instead of maintaining existing deployments. Then Orbital started to change their business focus and dedicated more resources to TriMet. After that, they began moving at a much better pace.  The secondary issue was the memory upgrade.  While this was primarily a technical issue, the delays associated with the memory upgrade also impacted the schedule.     

In addition, TriMet admitted that the project could have moved forward more quickly if they had been more shortsighted and just focused on getting the Probes project done; however, they wanted to make the product more generic so that they could accommodate two other projects (Signal Priority and Stop Announcements).  In other words, TriMet wanted to be able to add activation points for whatever kind of system would be needed.  While this approach worked well from TriMet’s side, it added time to the schedule.  TriMet reported that they did not think it had a major impact, but it may have had a minor impact.

As far as the costs of the project, there was no set of infrastructure or firmware upgrades that needed to be done by ODOT prior to initiating the project. They were in the middle of their contract to upgrade their software. The cost that was set aside in the budget was not an issue.  TriMet also reported that their costs were almost negligible because the activation point issue, which was not cheap, was a “base-of-the-pyramid” situation. TriMet had to develop that service to support multiple projects; the big push in July 2004 was for the Signal Priority project, a federally funded, coordinated project with the City of Portland. The City was anxious for TriMet to improve the TriMet end of it. That was the project, at the time that was covering the costs of the system upgrades, thus the cost to TriMet was negligible.

The project partners recommended having a good working relationship with all the institutions involved. The Portland agencies work well together and are constantly trying to integrate and build up other systems.  For example, ODOT, TriMet, and the City of Portland all built and share fiber, which reduces redundancy, so there is no need to build fiber at every ODOT location.  For regional issues, sharing fiber infrastructure enables all ITS communications.  It just takes a couple of months to coordinate bills.  For these interagency projects, they have a group that meets monthly, mainly technology people discussing ITS strategies. ODOT and the others are always figuring out ways to assist each other.

At some point after the July 2004 focus group, it appears that the project delays became more of an issue of project priority within TriMet.  Sometime in the second half of 2004 or early 2005, the priority became to implement the Stop Announcements project for the Americans with Disabilities Act.  This project has continued to dominate the resources of both TriMet and Orbital, putting the Probes project on the back burner until the Stop Announcements project is complete.  
Summary
This close-out report has presented the objectives and work that was conducted for the evaluation of the Transit Buses as Traffic Probes project.  The Probes evaluation is being closed out, as the project is now on hold after extensive deployment delays, with no clear indication of when the project may be deployed.
The goal of the Probes project was to use transit buses, already in the traffic stream and collecting real-time speed and location data, to determine real-time arterial performance.  The expected benefits of the Probes project were to allow the agencies to better monitor and manage the transportation system, fill the gaps in network management, and improve mobility and customer satisfaction by providing more complete and accurate pre-trip information.  

While the evaluation approach was to include conducting interviews and surveys, reviewing daily bus activity logs, and conducting an institutional issues evaluation, the only evaluation activities that were to take place prior to deployment were to baseline the institutional issues and to document any lessons learned in the pre-deployment phase of the project.  The evaluation team did baseline the institutional issues by conducting a focus group and interviews with various project partners in July 2006.  During the focus group and interviews, the partners identified few major issues or challenges.  The partners did identify some minor technological issues, which were being worked out.  While these minor technological issues did impact the Probes deployment schedule prior to July 2006, the primary deployment delays from that point to the present were due to other projects taking priority over the Probes project, which took the necessary resources away from the project.  
The latest word from the project partners is that the project is still a fairly simple one to implement, they still see value in implementing it, and that there is an agreement between ODOT and TriMet that as soon as the higher priority project is complete, TriMet will complete the Probes project at their expense.  The timeline for this, however, is unknown.
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