Intelligent Transportation Systems (ITS)

Intelligent Transportation Systems, or ITS, apply advanced and emerging technologies in information processing, communications, control, and electronics to surface transportation needs.  ITS technologies help improve transportation mobility, safety, and productivity.  ITS technologies applied to transit are called ITS transit technologies (also known as Advanced Public Transportations Systems).  They are grouped into the following categories: Fleet Management and Advanced Operations, Traveler Information, Electronic Payment Systems, and Safety and Security.  ITS transit technologies that help improve the coordination of human services transportation are discussed below, in the respective category.  Most of the technologies are modular -- they can be used individually or can be combined.  Some technologies are fundamental and are considered “foundation” technologies. They can stand alone, but their functionality and benefits increase when they are combined with other technologies.  Other technologies are equally important but rely on the foundation technologies for data input. 

At the end of the ITS section are links to documents that provide additional information on ITS transit technologies.

Fleet Management and Advanced Operations

These technologies improve human services transportation planning and operations.  They include computer software and databases, wireless communications systems, and transit vehicle location technologies for managing customers, funding, human services information, and transportation operations (e.g., fleet management).  Software and databases may be loaded onto a personal computer or a server to allow Web based data entry and retrieval.

Customer Management and Eligibility

Customer management and eligibility databases and software allow human service agencies and transportation providers manage customer account and eligibility information better and more easily.  A variety of information on customers, such as eligible funding programs, eligible number of trips, special needs, and subscriptive trip information, is entered once, is easily maintained, and is shared seamlessly with other ITS technologies to automate certain functions, such as scheduling, billing, and reporting.

Geographic Information Systems (GIS)

A geographic information system, or GIS, is a geographical database containing the locations of and information on clients, human services, employment, training, transit routes, transit accessibility, and other items that may be of importance.  It is a planning tool used for analyzing spatial-related data.  It can be used to analyze the relationships between clients and human services and can help agencies identify trip patterns and routes, including the proximity to fixed transit routes.

Geographic information systems can be used to increase transportation route efficiency and passenger carrying productivity.  They can also highlight where demand can support new fixed-route transit service.  Additional information on the impacts of geographic information systems can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/GIS
Scheduling, Routing, and Dispatching Software

Scheduling, routing, and dispatching software assists transportation dispatchers in scheduling and routing paratransit and flex-route trips in real time and on a day-to-day basis.  It can be used as a scheduling management tool where the software assists the dispatcher in developing trip schedules and routes, or it can automate the process and recommend “optimal” schedules and routes.  The software accommodates advanced trip reservations, standing orders, and real-time requests for demand response service.  It usually contains or is linked to a database of client information, such as addresses, funding programs, and trip eligibility.

Scheduling, routing, and dispatching software can help transportation providers increase route efficiency and passenger carrying productivity.  Additional information on the impacts of scheduling, routing, and dispatching software can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/Paratransit+SW
Wireless Communications and Mobile Data Terminals (MDTs)

Wireless communications provide the transfer of data or voice information, typically between a transit vehicle (e.g., bus) and transit operations center, via a wireless medium (electromagnetic waves).  In this case, a digital and/or analog radio, cellular telephone, or mobile data terminal may be employed.  A mobile data terminal, or MDT, is an integrated transit vehicle computer and data radio communications device.  It typically has a keypad containing canned messages that a transit vehicle driver can send to the transit operations center and a liquid crystal display to display text messages received from the operations center.  The keypad is also used by the transit vehicle driver for logging onto the ITS system and for activating certain functions.  The MDT is typically integrated with the AVL system, it one exists.

The types of data transmitted between a transit vehicle and transit operations center may include communications between the transit vehicle driver and dispatcher, the manifest, vehicle location information, and electronic payment information.  Data may be transferred in real time or may be downloaded at the end of the day.

Information on the impacts of wireless communications systems and mobile data terminals can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/Communications
Automatic Vehicle Location (AVL)

Automatic vehicle location systems, or AVL systems, track vehicle locations in real time.  This helps transportation providers monitor the locations of their vehicles and helps them manage the operations of their fleets.  Vehicle tracking helps transportation providers better coordinate transfers of passengers from one provider to another.  Passenger transfers may occur where a customer has a human service appointment in a neighboring community or jurisdiction outside the boundary of the domicile transportation provider service area.  Vehicle tracking enhances passenger and driver safety by allowing transportation providers to know the exact real-time location of its vehicles.  Vehicle tracking also allows real-time vehicle location information to be made available to customers.  AVL systems provide historical route and schedule data (time and location information) that can be used later for route and schedule performance review and planning.  Additional information on the impacts of automatic vehicle location systems can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/AVL
Cost Sharing, Billing, and Reporting

Cost sharing, billing, and reporting software allows human services agencies and transportation providers calculate shared costs, and automate and simplify billing and reporting functions.  The software uses data from the other ITS technologies, such as scheduling routing, and dispatching software, automatic vehicle location systems, and electronic payment systems, to generate invoices and a variety of reports.  Financial and client tracking reports can be generated for each human service agency that sponsors clients, and reports for the Federal Transit Administration can be generated.

Connection Protection

Connection protection automates the process of coordinating passenger transfers.  The system uses vehicle location data from the AVL system, a computer algorithm for recommending a transfer location and projecting the arrival times of connecting vehicles, and the wireless communications system and MDTs for relaying the information to the vehicle drivers.  Information sent to the vehicle drivers may include the transfer location, estimated transfer time, and relevant information on the corresponding vehicle.

Traveler Information

These technologies provide trip and general services information to travelers.  Information may be static or real time, and can be provided to travelers before a trip (pre-trip information), during a trip (in-vehicle information), and may be tailored to suit a particular customer’s needs (personal information).  Depending on the application, information can be provided via the Internet, telephone, fax machine, electronic sign / audio annunciators and kiosks at stops, and electronic sign / audio annunciators in vehicles.  Information provided over the Internet can be accessed by personal computers, personal digital assistants (PDAs), web-enabled cell phones, and electronic kiosks.  Information provided over the telephone can be automated using interactive voice response (IVR) or voice recognition systems.

General Services Information

General services information includes general information about a transportation provider, such as operating hours, service area, routes, schedules, fares, long-term service changes, accessibility information, etc.  Information is static and is typically provided on a transit provider website and/or by an automated telephone system (e.g., 511 traveler information telephone number).  Information can also be provided via printed materials and fax (if requested by the customer).

Real-Time Information

As implied by the name, this type of traveler information is dynamic and typically describes current transportation conditions.  Real-time information is usually based on data from an AVL system.  Examples of real-time information include schedule status or information on major delays, information on short-term service changes, and projected vehicle arrival times.  Information may be provided via a transit provider website, automated telephone system, and electronic sign / audio annunciators and kiosks at stops.  When coupled with an AVL system; scheduling, routing, and dispatching system; and reservation, cancellation, and confirmation system (see below), customers can be notified automatically over the telephone or via e-mail when to expect the arrival of their vehicle.

Automated Trip Planning

In simple terms, an automated trip planner consists of a transit system database (route, schedule, and fare information) and computer program that produces a trip itinerary based on input provided by the traveler.  Traveler inputs typically include an origin address, destination address, date of trip, proposed departure or arrival time, accessibility requirements, and traveler preferences, such as fastest route, least number of transfers, minimum walking distance, etc.  The output is a trip itinerary, usually in text format, that recommends a particular transit route or routes, start time (schedule), and cost information.  The itinerary may include several different route options, walking directions to and from the transit access and egress points, and/or a map.  The system may be web based where a customer can create an itinerary online, or a transit agency customer service agent may use the system to provide a customer an itinerary over the telephone, with an option to fax the customer the itinerary later.

Reservation, Cancellation, and Confirmation Systems

These systems allow customers to automatically book, confirm, or cancel trips with a transportation provider via an IVR or voice recognition telephone system and/or via the Internet.  The system software (telephony system for a telephone based system) is typically integrated with the scheduling, routing, and dispatching software and wireless communications system (i.e., MDTs).  It may be integrated with the customer management and eligibility system.  The system schedules trips and prepares driver manifests.  When connected with the AVL system, the reservation, cancellation, and confirmation system can notify customers automatically (by phone or e-mail, for example) when to expect the arrival of a vehicle.  Reservation, cancellation, and confirmation systems allow customers to confirm or cancel their trips in an automated fashion 24 hours a day, 7 days a week, thus reducing the number of customer no shows.

Onboard Automatic Route and Stop Announcements

These systems, called annunciators, provide visual and audio announcements on board transit vehicles automatically.  Announcements typically include next stop, transfer location, and vehicle route and destination information.  Visual information is displayed on electronic signs or route strip maps.  Audible announcements are provided over the vehicle or annunciator speaker system.

Automatic annunciators relieve transit vehicle drivers of manually making next stop and transfer location announcements for passengers.  The annunciator system ensures that all major stops and transfer points are announced in a readable and understandable visual and audible format.  The system ensures that persons with visual and hearing limitations obtain important stop and route-specific information.  It also helps individuals, including the general public, who are unfamiliar with the transit system identify the proper transit vehicle (route and direction) when boarding a vehicle, and proper stop location when exiting the vehicle.

Traveler Information Technology Impacts

The impacts of advanced traveler information systems for transit can be found at the links below.  Note that the impacts information is organized differently than the organization of the technologies presented above.
Pre-Trip Information 

In-Terminal/Wayside Transit Information Systems 

In-Vehicle Transit Information 

Personal Information Systems 

Electronic Payment Systems

Electronic payment systems allow trips to be paid electronically, using a smart or magnetic stripe card.  Value may be added to the card, and the cost of a trip is deducted for each trip, or the card may act as a transit pass that allows the customer unlimited rides for a certain period of time, typically a month.  The card may also contain client information, such as funding program and trip eligibility, and may contain the client’s photograph.

Electronic payment systems allow transportation providers and funding agencies track trips more accurately, thus increasing accountability and reducing waste and fraud.  For example, an electronic payment system can verify that the correct person took a trip for which her/she was eligible.  When coupled with an AVL system, the locations where a passenger boarded and alighted the transit vehicle, and the trip length, can be documented.  Electronic payment systems help ensure that transportation providers get reimbursed correctly for trips they provided, and that funding agencies get billed correctly, with the correct funding program being charged.  In addition, one card can accommodate multiple transportation providers and funding agencies, and is therefore convenient for customers and vehicle operators.  Additional information on the impacts of electronic payment systems, smart cards, and magnetic stripe cards can be found at the following locations:

Electronic Payment Systems 

Smart Cards 

Magnetic Stripe Cards 

Safety and Security

Safety and security technologies provide safety and security for passengers and transportation provider personnel (e.g., bus drivers).  They are typically grouped into technologies that provide safety and security on board a transit vehicle, at transit stations and stop locations, and for individuals.

Onboard Safety and Security Systems

Onboard safety and security systems typically include audio and video surveillance technologies, and emergency alarms.  Audio surveillance and emergency alarms are typically an integral part of the transit vehicle AVL and wireless communications systems.  During a serious situation or an emergency, such as an ill passenger or illegal activity onboard the transit vehicle, the transit vehicle driver can activate an alarm and open a microphone (during dangerous situations, the alarm would be silent and the microphone would be covert).  The dispatcher at the transit operations center would be notified about the incident and would receive an audio feed.  In addition, the AVL system would assist the dispatcher in determining the location of the transit vehicle.  The transit agency would be able to assess, in real time, the situation onboard the transit vehicle and could provide this information to the appropriate public safety officials (e.g., police, fire and rescue).  This would help the transit agency and public safety officials to respond quickly and appropriately to the incident.  Another example of an application of AVL for safety and security is when a transit vehicle breaks down.  For this situation, a transportation provider can pinpoint the location of the broken-down vehicle quickly, and it can send another vehicle to that location to pick up the stranded passengers.  This is extremely important during periods of bad weather, such as a snowstorm.  

Video surveillance, using onboard video cameras, enhances safety and security.   Video footage can be recorded and saved, and then downloaded later for viewing, or it can be sent in real time to the transit agency via the transit vehicle wireless communications system.  Live video footage provides a more complete description of the activity or situation onboard a transit vehicle.  In addition, video footage deters illegal activity, such as vandalism, on transit vehicles.  Recorded video footage can be used for training and legal purposes.

Additional information on the impacts of onboard safety and security technologies can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/On+Vehicle+Surveillance 

Station / Stop Location Safety and Security Systems

Station / stop location safety and security systems typically include video surveillance technology (i.e., video cameras) and intercoms.  These systems provide remote, real-time monitoring and/or recording of the passenger safety environment in stations, parking lots, and at transit stops.  Intercom systems allow customers to request assistance in case of an emergency.  For real-time monitoring, a transit agency would be able to assess an incident at a station / stop location, contact the appropriate public safety officials (e.g., police, fire and rescue), and provide them the appropriate information; thus providing a quick and appropriate response to the incident.  Station / stop location safety and security systems also deter criminal activity at these locations.  Recorded footage can be used for legal purposes.  Additional information on the impacts of station / stop location safety and security technologies can be found at the following location: http://web.mitretek.org/its/aptsmatrix.nsf/component/Station+Surveillance 

Personal Location and Monitoring Assistance

Personal location and monitoring assistance technologies provide safety and security for individuals.  However, these technologies are not ITS technologies, but rather “assistive technologies.”  For a description of these technologies, please see Assistive Technologies.

Links to Documents

Below are links to documents that provide additional information on ITS transit technologies.

ITS Joint Program Office Electronic Document Library

A major repository of ITS documents is the ITS Joint Program Office (JPO) Electronic Document Library (EDL).  The following is a link to the EDL website: http://www.its.dot.gov/itsweb/welcome.htm 

Selected documents from the EDL include the following:

Advanced Public Transportation Systems Deployments in the United States, Year 2002 Update



Advanced Public Transportation Systems: State of the Art Update 2000 
Advanced Vehicle Location Successful Transit Applications: A Cross-Cutting Study 
Benefits Assessment of Advanced Public Transportation System Technologies Update 2000
Northeast Florida Rural Transit Intelligent Transportation System 
Rural ITS Toolbox 
Rural Transit ITS Best Practices 
SMART Operational Field Test Evaluation: Customer Survey Report 
SMART Operational Field Test Evaluation: Operations Database Report 
Ventura County Fare Integration, A Case Study: Promoting Seamless Regional Fare Coordination 
What Have We Learned About ITS?: Advanced Public Transportation Systems 
Transit Cooperative Research Program

The Transit Cooperative Research Program (TCRP), which is administered by the Transportation Research Board (TRB), produces a number of research reports on transit topics, including ITS transit.  TCRP documents may be obtained from the following locations: http://www4.nas.edu/trb/onlinepubs.nsf/web/crp and http://www.tcrponline.org/index.cgi
Selected TCRP documents include the following:

TCRP Report 43: Understanding and Applying Advanced On-Board Bus Electronics
TCRP Report 76: Guidebook for Selecting Appropriate Technology Systems for Small Urban and Rural Public Transportation Operators
TCRP Report 84: e-Transit: Electronic Business Strategies for Public Transportation, Volume 4: Advanced Features of Transit Websites
TCRP Report 92: Strategies for Improved Traveler Information
TCRP Report 94: Fare Policies, Structures and Technologies: Update
TCRP Research Results Digest 5: Electronic On-Vehicle Passenger Information Displays (Visual and Audible)
TCRP Synthesis 38: Electronic Surveillance Technology on Transit Vehicles
TCRP Synthesis 43: Effective Use of Transit Websites
TCRP Synthesis 48: Real-Time Bus Arrival Information Systems
TCRP Synthesis 55: Geographic Information Systems Applications in Transit 
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