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ABSTRACT

Travelers, public safety officials, and transportation and traffic specialists in the United States have a need for real-time and archived information about traffic patterns and flow on the highways to facilitate accurate traveler decisions and public policy making. In our multidisciplinary project we are investigating how to collect traffic information from various sources, analyze and model it, store it in a centralized database, and disseminate it with the assistance of a GIS (geographic information system, [2]) to a web interface.  We outline our primary challenges and preliminary solutions in this project and our ongoing efforts to provide integrated solutions for travelers, researchers, and officials in our state.  

INTRODUCTION

Data is available in isolated corners of each public and private organization. Accurate, integrated, and timely information is many times hard to find.  Difficulties include the isolation of different applications and their data. In transportation centers, the collection, analysis, and dissemination of traffic information utilizing sensors, data collectors, and presentation interfaces should be integrated to provide easy flow of data from databases and data warehouses.

There are two primary challenges in this project.  The first is the seamless cooperation of people from different academic disciplines, and from two different environments (academic and government). The second is technical and includes design, modeling, analysis and prototype development issues.

Collaboration: This is a multidisciplinary project that involves two different departments (and colleges) at the university, as well as one state agency. Civil engineering and computer science professors are working together with their graduate students to carry out research and practical algorithms and software prototypes with the help of RIDOT  (Rhode Island Department of Transportation).  The goal is to assist RIDOT in developing procedures and software systems to collect, analyze, archive, and present data that is available from a variety of sources.  An overarching problem is the proper integration of several existing stand-alone systems with each other and with new systems as they come online.  This also includes the integration of in-house systems at the DOT with those being developed by researchers at the university transportation research center.

In the most recent phase of our project we are focusing upon real-time traffic data with a primary interest in using it to predict travel times on various sectors of the highways in our state.  We divided the project into two primary pieces in order to direct a team of two students, one from Civil Engineering and one from Computer Science to carry out the project. In addition we are collaborating with RIDOT to get accurate data and information about the "real world" issues surrounding data collection, archival and access:

· Engineering: The Civil Engineering student [1] collected traffic speed, travel time, and spatial data from a GPS (global positioning system), loop detectors (sensors placed in the pavement to detect the passage of autos on lanes in selected sites on the highways of interest), and human reporters.   Then we statistically analyzed the data to determine regression equations for designated sections of the highway during certain times of the day and under particular conditions. These equations will be used with real-time and archived data to predict travel time over requested highway segments.

· Computer Science: The computer science students designed and developed prototype software that can archive the data in a database, and present real-time and persistent data to the user of the system on a web site [3]. A GIS system was used to display the data.

· State DOT: Our collaborators at the DOT provided us with the means to collect the data and gave us input about the type of information that should be collected and the groups of users that will need to access the data. We were given information about existing systems at the TMC (Transportation Management Center) in the DOT facility.

The state has a need to collect, archive, access and display information in an integrated and coherent fashion. In our project we provided them with a software prototype to accomplish these tasks. At the same time the students got some practical experience in the field collecting data, and in the computer laboratory designing databases to store the data. The civil engineering student carried out the research mission by developing an algorithm for predicting travel time based upon real-time traffic data and developing a model for the analysis of the data that was collected. (For the non-engineering reader, an intro. to traffic analysis techniques can be found in [4].)  The computer science students were involved in the design of an integrated computer information system for the transportation domain (good software engineering experience) and at the same time learned how to integrate an open source GIS system with the databases and web interfaces required for the project (challenging development problems).

Technical: There are several issues that provide technical challenges in the development of such a software prototype. As we mentioned above, these include the integration of any newly developed systems with existing systems.  To address this problem we spent the first year developing a design of an integrated software system. We first interviewed transportation researchers at the university and practitioners at RIDOT. We then identified the actors and use cases in the software system. The actors signify the users of the system and the use cases outline how the actors will use the system. Portions of a use case diagram and a use case are shown in Figure 1 and Figure 2 respectively.
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FIG. 1: USE CASE DIAGRAM

In the next phase of the project we identified a slice of the overall design that addresses the display of traffic speeds for various sections of two major highways in the state. The challenge here was the proper integration of a database, GIS system and web interface. In an unrelated project we had previously made use of the predominant commercial software GIS system, ArcInfo by Esri (www.esri.com). We had some problems in using this software that included: 

1. Cost of product: While the university had purchased a site license for the product, and we had free access to it, the modules for integrating a robust DBMS (database management system) and for tailoring the web interface were expensive.

2. Cost of training: Additional training and consulting was needed to learn how to use the additional database and web application modules. This was beyond the budget and timeline of the project.

Overview: The purpose of this use case is to write accident information into the database.

Actors: Police Department/Watcher

Starting Point: This use case begins when actor gets information about a new accident.

Ending Point: This use case ends when system notifies actor about successful writing data into database.

Measurable Results: Appropriate information appears in the database tables.

Flow of Events:

1. The actor selects the Add Accident option on the specific screen.

2. The system presents the Add Accident screen to the actor.

3. The actor enters the information.

4. The actor presses the submit button.

5. If the system is unable to add the accident, the system executes alternate flow E1 or alternate flow E2.

6. The system validates and accepts the new accident.

7. The actor is presented with a message indicating a successful accident addition.

Alternate Flow E1: The system is unable to add an accident

1. The system is unable to post the accident to the accident table.

2. The system responds with a message indicating the reason.

Alternate Flow E2: Existence of similar information

1. The system has the similar information (location and time of accident).

2. The system responds with a message indicating presence of similar information by showing found similar information and asks actor whether continue or abort transaction.

3. The actor verifies his information with the existed information and continues or aborts transaction.

Alternative Flow of Events: The actor exits.

Business Rules:

1. The following fields cannot be blank: AccidentID, AccidentTIme, AccidentLocation,RoadCondition, Visibility, Traffic.

Fig. 2: Use Case: Maintain Accident Info.

To address these issues in the new project, we used an open source GIS, GRASS (http://www.baylor.edu/grass) on Linux. While the following difficulties ensued, we were able to carry out the project with our computer science graduate student [3] and to tailor and integrate the database and web interface as we desired without incurring additional cost. The difficulties included: 

1. Training the student to work with open source software using the online community that is available to solve difficulties and problems.  It took some time to orient the student to the use of the internet based community of GRASS programmers. But once this was accomplished, he got some free pointers at times when he seemed "stuck".

2. Additional programming: Since the software is open, it takes some time to learn how to tailor and add to the modules that are present with the GRASS system. There were not as many basic GIS functionalities as one would find with a commercial product. We had to code these missing features ourselves, upon need. 

The student used the Perl and C to code modules and to script the various modules (GIS, database, and web interface) together. The database management system is PostgreSQL (an open source product, [5]). The high-level system diagram is in Figure 3.
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Fig. 3: System Diagram

Future work: In the next project we are planning to develop a set of procedures to collect information about traffic anomalies (slowed or stopped vehicles). In particular we will survey the people who are responsible for anomalies (maintenance, utilities, etc.) as well as the people who respond to the anomalies (state police, other emergency groups, travelers, and the DOT). We will develop a prototype system that is capable of collecting information about predictable causes of anomalies (such as regular maintenance) and displaying this information along with real-time reporting information about the anomalies underway. We will again be collecting, analyzing, and presenting the data from a variety of sources, and develop means to display the data to all interested parties.

Our design will be carried out with extensibility in mind. While the data in this project was limited to a few sources, we plan to expand our range of data types to include that from stationary video cameras currently positioned around the state as well as the mobile cameras that will be deployed in the future. While this project is currently limited to highway traffic, we are designing this system to be extendible to inter-modal environments that include train, bus, and water systems. 

In our future work we will use the ArcInfo GIS on MS Windows (or NT) to ensure compatibility with the adopted software of the DOT. As the reader is aware, there many tradeoffs between open source commercial software and as we experiment, the debate rages (see [6] for one sample on the internet).
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