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Demand Management through Online Ridesharing: Ridematch System 21

Abstract

Ridematch System 21 (RM21) is an online ride-sharing system created for the Chicago Area Transportation Study (CATS) by the University of Illinois at Chicago (UIC).  RM21 serves the ride sharing needs of the commuters within the Gary-Chicago-Milwaukee (GCM) priority corridor.  The GCM corridor is home to more than 10 million people and contains nearly 90,000 miles of pavement within the 16 counties of Illinois, Indiana and Wisconsin.  This paper presents the motivation behind the development of RM21.  Also covered is the system’s design and features.  One such feature that sets RM21 apart from other ride sharing systems is its use of “vector matching.”  Vector matching allows RM21 to achieve higher match rates than other matching algorithms that only use origin and destination based radius searches.  Brief sections near the end of the paper cover upgrades planned for the system, deployment, and also an innovative concept for dynamic ride sharing.

Introduction

The driving force behind the development of Ridematch System 21 was a desire to increase the efficiency of the Gary-Chicago-Milwaukee priority corridor’s crowded roadway systems.  Why is this necessary?  Growth in the amount of automobile travel in the Chicago area has increased over the past two decades by over 100% (Schrank and Lomax 2003).  Meanwhile, the amount of pavement to accommodate this travel has only increased by 37% in the same period of time.  The overall effect of these two factors is evident in the rise in traffic congestion.  The average annual delay due to traffic congestion has climbed over 400% in the past two decades, going from 6 hours stuck in traffic per person per year in 1982 to over 27 hours in 2001 % (Schrank and Lomax 2003).  Clearly, something must be done to reduce the amount of traffic, either by increasing the average number of occupants per vehicle through the use of car and van pooling, or through other mass transportation options.

A number of steps can be taken to reduce the mobility problems that are and will continue to be a problem in the decades to come.  Adding capacity is one solution, albeit an expensive and difficult one.  A much easier approach would be to manage the demand better by making the existing system more efficient.  Demand can be reduced by shifting traffic to off peak travel hours, changing land use patterns, and telecommuting, to name a few.  Efficiency can be increased by reconfiguring bottlenecks, reducing delays due to construction and maintenance activities, and increasing the average number of occupants per vehicle.  Increases in vehicle occupants alone can make a significant impact on the levels of congestion.  For instance, an increase of just 1.6% in the number of vehicles with multiple passengers would have been enough to offset the 2001 increase in congestion for the Chicago area.

Although there is no one single answer to reducing congestion, increasing the efficiency of the transportation network through ride sharing is one of the most promising approaches.  Unfortunately, not many large urban areas have comprehensive ride sharing programs available. 

1 Background and Goals

Ridematch System 21 (RM21) was developed by the University of Illinois at Chicago (UIC) Artificial Intelligence Lab (AIL) for the Chicago Area Transportation Study (CATS).   CATS’ Rideshare Services has been the carpool matching and rideshare program development resources for the six-county region since 1986. 

CATS’ primary goal was to bring ridesharing, carpool and vanpool formation, within the Gary-Chicago-Milwaukee priority corridor to the Internet in real time.  Thus providing commuters with an easy and convenient way to register themselves and receive a list of matches immediately rather than through the mail. 

Previously, CATS had in place a ride matching system developed by Crain and Associates.  The Crain system supported a dial-in centralized subsystem called Poolmatch and a standalone subsystem called Caravan.  Poolmatch supported remote access through a dial-up modem.  The Poolmatch database contained applicants from multiple employers, transportation service agencies, and the general public.  Any applicant that called into the ride share phone hot line would also be entered into the Poolmatch database.  Caravan was designed to be installed onsite at various employers in the Chicagoland area and allows these employers to maintain a local database of employees seeking ride matches.  Both subsystems matched new applicants to their respective databases and printed out the prospective ride share partners onto a form letter that was sent to the applicant.

The Poolmatch/Caravan system had a number of shortcomings that needed to be addressed.  Primary among these was the ability of the system to allow applicants to directly register themselves via the Internet, the ability to generate better matches through vector and route to work searches, and an easily updateable GIS base from which the match engine can work. The Ridematch 21 Project was commenced in May of 2001 as a response to both the general public and the business community who stated the need to have a system on the internet capable of finding and arranging potential carpool and vanpool/partners, both on a one on one basis and within a large employer setting, thus making rideshare far more simpler by enabling desktop matching and remote management of on-site carpool arrangements.

To be an effective tool for increasing carpool participation in the Chicago region, Rideshare Services needs to increase its current overall rideshare database from 3,000 persons to between 10,000 and 20,000. While some in the transportation community are of the opinion that carpooling/vanpooling as a travel mode for work trips is in decline, Rideshare Services notes that the number of persons carpooling to work increased from just over 79,000 to roughly 86,000 from 1990 to 2000 in suburban Lake, McHenry, Kane, and Will counties according to the 2000 Census. This is an increase of 8.2% from, 1990 to 2000 in those outer suburban areas.  Lowering the number of work trips through increased ridesharing will help Rideshare Services achieve the ends of reducing traffic congestion, conserving energy, and improving air quality while increasing the functional life of the region’s transportation system in general and its highway system in particular. 

2 Design Methodology

The Ridematch 21 project actively sought the input of prospective users and employers throughout its development.  A Working Group of the CATS Air Quality and Transportation Management (AQTM) Task Force comprised of representatives from local employers, business advocacy groups and local transit agencies (Pace, Metra, CTA) met to guide system development, review the work in progress and recommend system improvements on a regular basis. During the early stages of development, a mocked up web site was developed and approved by the working group.  This mocked up web site was used later in the development of the system requirements and design documents.  An outline of the intellectual contributions is shown in Figure 1.
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Figure 1.  Intellectual contributions to Ridematch System 21

The RM21 system had the advantage of an existing software system, Poolmatch, off of which it could be based.  As shown, the requirements document was generated first.  Many of the requirements were reverse-engineered from Poolmatch system features.  Other requirements related to features not present in Poolmatch, namely online registration and vector matching, were then added.  

Once the requirements document was approved, development of the design document commenced.   The design broke the requirements into separate software modules based on similarity in order to reduce the amount of inter-module coupling.  Several modules were identified: administration, data storage, geo-referencing, legacy integration, matching, web, purging, survey, reporting, e-mail, logging and vanpool.  Some of these modules will be discussed in the sections that follow. Three user focus groups, comprised of current drive-alone commuters, were conducted in order to test the modules comprising the registration process. 

3 System Overview

The design of Ridematch System 21 can be broken out into several major software modules: persistent storage, web interface, matching engine, and geo-referencing will be discussed here.  Other modules related to administration, surveys, and vanpool management will be covered in brief.  First, the overall system architecture will be reviewed and then each of the major modules will be discussed in the sections that follow.

3.1 System Architecture

One of the main design goals of Ridematch System 21 was to make it as easily accessible as possible.  This was achieved by making use of the Internet as much as possible.  For instance, users register themselves with the system by filling out web forms.  Also, notifications are sent via e-mail, thus alleviating the system administrator from tasks such as sending out mailings.  Figure 2 shows a high level overview of the system’s architecture.  The figure shows a central server (or server cluster) connected to clients via the Internet.  Clients access the system using a web browser such as Internet Explorer or Netscape Navigator.  Employers may also optionally install content filters between there employees and the Internet.
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Figure 2.  Ridematch System 21 Architecture

3.2 Persistent Storage

The business objects used to represent various ride sharing entities are implemented as Java beans (Rahim et al. 2001).  This allows their properties to be saved and retrieved efficiently, either in a database, property file, or in XML format.  Some business objects that are implemented as Java beans include: Commuter, Vanpool, Address, CrossStreet, Route, EmailTemplate, Agency, Lot (park ‘n ride), and Match.  

3.3 Online Registration

As mentioned previously, RM21 allows users to register themselves via the Internet, see Figure 3 for an example screen.  This automated registration relieves transportation agencies and companies of the burden of manually entering registration data into the system database.  Registration requires the following pieces of information: salutation (Mr., Mrs., Ms), name, e-mail address, password, password hint, home address, home city, home state, home zip code, company name, work address, work city, work state, work zip code, work phone number, route to work, daily work schedule, daily schedule flexibility, gender preference, smoking preference, language preference, fellow employee preference, smoker, language spoken, and maximum pickup distance.

Given the large amount of information that must be entered by the user, the registration process was broken up into 8 steps: 1) contact information, 2) home address, 3) verify home address via a map, 4) work information, 5) verify work address via a map, 6) work schedule, 7) route to work, and 8) preferences.  Breaking the registration into 8 steps has the advantage that the system can validate the users information on the server side after each step is completed.  Having multiple registration steps also helps guide the user and provides them with a sense of accomplishment.
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Figure 3.  Step 1 of registration process

3.4 Vector Matching

There are several fields that are compared during the matching process.  The most compute intensive comparison is between routes and work and home locations.  Thousands of home and work addresses must be compared to a user’s route during the vector matching process.  To speed up this process, an innovative database index was implemented.  

Each route and point of interest is indexed using spatial keys.  Keys are computed by breaking an extent (the coordinates of a 2D area) into progressively smaller areas in a hierarchical fashion.  Each area has four sub-areas.  Each area is assigned an identification number based on Hilbert curves (Gutman 1999).  A spatial object can have multiple keys depending on how many leaf areas it touches.  The object’s keys are the identification numbers of all leaf areas it touches.  The key numbers along with the object’s identifier are then stored in a database table.  Later, to locate a route or other spatial object that touches a given area, the area’s extents are converted into one or more ranges of spatial key values.  The database is then queried for all records that match the ranges.  This technique provides for very efficient spatial queries and has the benefit that it works with any relational database.

3.5 Other Subsystem Modules – An Overview

Administration subsystem functions will be made accessible to a select number of rideshare agency staff, employer coordinators, and transit agencies.  The administrator subsystem will allow, based on accumulated user data, employers to observe employee commute patterns.  Employers can use this data to encourage work trip reduction and transit providers can use it to identify corridors having the potential to support vanpool or transit buses.  Further, rideshare agencies will be able to tailor enrollment and incentive programs to expand the base of persons who indicate an interest in ridesharing to address traffic congestion and reduce air quality.  An automated survey module asks users via email whether they currently carpool and, at given time intervals, asks them to re-enroll or to purge themselves from the database.  Eventually, the automated survey capabilities may serve as a sounding board for commuters.   Surveys will allow rideshare agencies or transit providers to determine what region-wide improvements, emergency-ride-home or HOV/HOT lane facilities are necessary to encourage commuters to leave their single occupant vehicles.   The vanpool module was developed jointly by the AI Lab, CATS, and Pace Suburban Bus in order to provide a vanpool management system and user data mining interface to maintain and expand Pace’s commuter van fleet.

4 Planned Enhancements

The incident management and transit planning modules are planned to be installed in the system and are discussed in the following sections.

4.1 Incident Management

The capabilities of the RM21 system can be expanded for incident management purposes.  In the event of an emergency or other incident, it may be necessary to make more intense use of mass transit to serve as many commuters as possible.  To accomplish this, the average vehicle occupancy (AVO) of arriving vehicles will need to be increased.  It is assumed that single occupant vehicle parking will be either greatly reduced or eliminated so that each transit parking lot can serve more commuters.  RM21 has the capability to manage this policy change in real time at an individual’s home or work computer by using the RM21 system to find a rideshare partner to drive or ride with to the parking lot.

The existing RM21 software would be modified to streamline the registration process, in the event of a major incident.  Currently, RM21 prompts the user for their home location, work location and work hours in three of the eight registration steps.  It then plots a travel path along which it searches for other users.  The work location and hours registration steps would be merged into one step that prompts (guides) the user toward the nearest transit park ‘n ride lot / station serving their selected destination.  The system would then match them with other commuters who live nearby them who wish to take transit at the same time of day.  

This would be accomplished by providing the user with:

· A list of stations, sorted by the distance from their previously entered home address.  

· A schedule of trains/buses stopping at the selected station.

From these lists the user would then select, using point and click technology, the best fit station and service.  He/she would then receive:

· A list of individuals who wish to make that trip, along the defined travel path, to the park ‘n ride lot.

4.2 Transit Planning

The database of registered users provides a great deal of information that can be mined for transit planning uses.  For instance, the database contains not only the exact origin and destination of each commuter, but also the route they take to work (vector) and their arrival and departure times – origin, destination and time of travel.  Transit planning traditionally makes use of (often out dated) census data together with algorithms that approximate this information.  With up to date RM21 database information, these quantities can be known much more accurately, making the corresponding transit plans more efficient for bus system planning and development.

Transit planning capabilities can be implemented within the RM21 system as a software module that is accessible, like the rest of the RM21 system, from the Internet through a password protected administrator login.  This allows the module to be used from any Internet enabled computer, thus making it easy to use by its first order clients, the RTA, CTA, Pace and Metra.  

The primary capability of the module would be a configurable report which, given various input parameters, would provide mapped plots and tables of transit routes which would optimally serve selected commuters in the database.  Inputs to the module would include, but not be limited to, start/end locations/areas, company names, start/end times, minimum/maximum vehicle capacity, minimum/maximum in/out of vehicle times, minimum/maximum route lengths, and minimum/maximum number of stops.  Output options would include interactive web maps (allowing for zooming, scrolling and point & click capabilities) and tables in Microsoft Excel, Adobe Acrobat, XML or HTML format.

5 Deployment

In October 2003, CATS’ Rideshare Services unveiled Ridematch 21 on its www.sharethedrive.org website. The deployment of RM 21 coincides with a renewed awareness effort for Rideshare Services.  Potential carpoolers and vanpoolers are being asked to “share the drive” in a series of radio ads broadcast on WBBM-AM (780) and on several Clear Channel FM radio outlets from now until May 2004.  Large employers will be receiving informational brochures and posters from Rideshare Services explaining how their company may benefit from the development and implementation of an employee rideshare program. Rideshare Services, at no cost to the employer, can train company staff on program development and implementation, provide site analysis, promote the program on-site, and promote the use of resources such as real-time ridematching and automated program management to their employees and their coordinators respectively.   

This renewed effort is complemented by the presence of “Share the Drive” highway information signs across the six county region.  CATS has been actively working with IDOT District 1 and the county transportation departments to increase the number of information signs from 135 in 2000 to 402 in 2003.  The www.sharethedrive.org website that features Ridematch System 21 will be included as a transit alternate link at the GCM Gateway site and is considered a transit service available to the public. 

Several employers such as Hewitt Associates and Discover Financial Services are taking part in promoting  Ridematch 21.  Employers were key to developing RM 21, as Employee Transportation Coordinators (ETCs) from these companies both tested the system and took an active role in encouraging employees to enroll and test system prototypes.  Now, RM 21 is installed within their company intranets and is promoted as a resource to all employees. 

6 Dynamic Ridesharing: The Intelligent Traveler Assistant

As technically advanced as Ridematch System 21 is, there is still much more information technology can do to improve transportation efficiency.  The Intelligent Traveler Assistant (ITA) (Dillenburg et al. 2002) is envisioned to be a software system running on handheld computers networked to a traffic information center, see Figure 4.  It provides the capability to plan multi-modal routes for its user.  The traveler will enter a desired destination and any intermediate destinations into the ITA.  The ITA will then formulate several plans to get the user to these destinations.  These plans will be listed on the ITA, sorted and filtered by the user’s saved preferences, together with the associated trip costs, estimated pickup times, and estimated arrival times.  Each trip planned may be multi-modal in nature with the following types of trip segments: dynamic ride sharing, taxi sharing, bus, train, ferry, or automobile.  The ITA will make use of wireless Internet technology (Biesecker 2000) to send and receive real-time traffic information, and to receive and up-to-the-minute locations of public transportation vehicles, transit schedules, and arrange for payment of fares.  The Global Positioning System (GPS) will be used to track the user’s current position for use in route planning and also as a means of assessing traffic conditions.
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Figure 4.  ITA Concept

7 Summary

This paper presented an overview of the design and development of the Gary-Chicago-Milwaukee priority corridor’s ride share system, Ridematch 21.  The motivation for the development of the system was the tremendous potential for improvement in the area’s transportation efficiency due to increases in multiple occupancy vehicle trips.  Future plans for the system include the development of transit planning and incident management features.  Ridematch System 21 has been fully deployed in the Chicago area as the region’s primary ride matching resource.  Finally, the ultimate plan for the system is to integrate it into a dynamic travel planning system, the Intelligent Travel Assistant.
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