A Synthesis of ITS Lessons

TECHNICAL INTEGRATION

Lessons in the technical integration category discuss approaches that facilitate the technical connection of dispersed ITS elements for efficient information sharing and control in transportation management and operations.  Such integration may occur among multiple systems, agencies, and regions.  Technical integration is a multi-faceted concept and can be described in the subcategories of functional integration, jurisdictional considerations, and the integration of legacy systems.

There will almost always be technical issues encountered while integrating ITS components.  A particular agency may not be able to anticipate all issues that might occur during a project deployment.  However, agencies should anticipate that technical issues will occur and that these issues will most likely affect the cost and schedule of the project.  The key to success is to plan accordingly and develop solutions prior to project deployment to minimize issues that may surface during the integration phase.  Key lessons learned are summarized below, followed by brief narratives of supporting evidences gathered from stakeholders’ experiences:
· To develop usable systems that meet user needs, assess user needs and follow accepted usability engineering practices when developing interactive systems.

· Use ITS standards when developing systems to maximize vendor flexibility and data exchange compatibility, and ensure comprehension by agencies.
· Create systems and plans that allow information sharing and coordination among regional agencies and states.

· Consider developing an emergency response plan that coordinates command, control, and communications among regional agencies. 

· Comply with standards and select proven commercial off-the-shelf technology (hardware and software), when possible, to save money and facilitate integration with existing legacy systems.

· To identify and resolve system integration issues with existing legacy equipment, plan on adequate development time and thorough system testing to ensure systems are working properly after system integration.
Evidence-Based Lessons Learned

Functional Integration

Functional Integration Lessons

· To develop usable systems that meet user needs, assess user needs and follow accepted usability engineering practices when developing interactive systems.

· Use ITS standards when developing systems to maximize vendor flexibility and data exchange compatibility, and ensure comprehension by agencies.

Functional integration is a subset of the system integration process.  During this process, system components are assembled into a working system and verified to ensure that they fulfill all of the system requirements.  Assembling a puzzle is a helpful analogy for this step.  The challenge in an ITS project puzzle is that not all of the pieces are available at the same time, some will not fit together particularly well at first, and there will be pressure to change some of the pieces after having already assembled them.  Software and hardware integration are important components of functional integration, as the following discussion shows.
To develop usable systems that meet user needs, assess user needs and follow accepted usability engineering practices when developing interactive systems.  The implementation of ITS software should actively involve a broad range of users during design, development, testing, and deployment to ensure the software investment results in a system that meets user needs and is accepted by the users.  Several universities, state DOTs, and regional entities have demonstrated that developing requirements based on user needs, conducting surveys, performing usability testing, and obtaining feedback from users is critical to developing software that meets users' needs.

· Developers of several traveler information Web sites often cite receiving user feedback and acting on comments received as a key to success.  In an effort to continuously improve TranStar—the traveler information Web site for the Houston metropolitan area—the Texas DOT reviews the site on a monthly basis and implements new features every two or three months.  Others agencies, such as the Denver Regional Transportation District, have developed beta-test groups of Web site users who try out new features and comment on redesigns. 

· Several state DOTs have used various usability engineering methods to assess user needs and test the interactive systems that were developed.  The experience of the Georgia DOT demonstrates that conducting surveys enables developers to find out what potential users want before developing a site or updating an existing one.  The Georgia DOT regularly seeks input from the public by surveying users about what features they use, how often and when, and whether they use the information to alter their route or mode of transportation.  Virginia DOT personnel successfully performed usability testing after their Web site was developed to ensure that the site worked and that commuters received the information they expected.
 

Use ITS standards when developing systems to maximize vendor flexibility and data exchange compatibility, and ensure comprehension by agencies.  Experience has demonstrated that following ITS standards and protocols increases vendor and system flexibility, and facilitates more efficient management and coordination of day-to-day traffic and emergency operations.

· Experiences from the Tri-County Metropolitan Transportation District of Oregon (TriMet) and the Utah DOT show that following ITS standards and protocols helped ensure that ITS components being integrated can function together.  Additionally, following ITS standards and protocols helps provide vendor and system flexibility.  In the case of the TriMet, at the time of its procurement of light-emitting diode (LED) signs, no Transmission Control Protocol/Internet Protocol (TCP/IP) standards for the LED sign interface had been developed.  Consequently, the agency was forced to consider sign vendors that had proprietary protocols.  Even though no standards were available, TriMet knew it wanted the LED signs to interface with TCP/IP-compliant devices, so TriMet provided specifications that required the sign vendors to interface with the protocols.  TriMet staff believed that there was an advantage to using TCP/IP and standard protocols that would enable the agency to use different communication methods, yet retain the same applications.  Complying with ITS standards and protocols helps to ensure a modular and compatible infrastructure.
 

· In a study of TMCs in 10 different states, the FHWA determined that it was important to use multi-industry data interchange standards to integrate data, information, and systems.  The use of standards allows better coordination of TMC efforts and more efficient management of day-to-day traffic and emergency operations.  Incomplete or inaccessible information, however, often impedes the ability of TMCs and related agencies to coordinate and efficiently manage operations.  The FHWA study concluded that the current application of information sharing and decision making at TMCs could be improved.  Additional concepts of emergency integration were identified, including comprehensive coordination within and among TMCs, training and coordination among operations personnel, and integration of emergency information into TMC operations.  The study concluded that these concepts could be implemented using existing technologies and that they offer the opportunity to move the current state-of-the-practice forward.
 

Local ITS projects are typically required to be integrated with a statewide or regional ITS architecture.  Integration and consistency is more easily achieved using open standards and established guidelines.  When using standards and guidelines, it is important that they be easily understood by agencies developing systems under such guidance.
Jurisdictional Integration

Jurisdictional Integration Lessons
· Create systems and plans that allow information sharing and coordination among regional agencies and states.

· Consider developing an emergency response plan that coordinates command, control, and communications among regional agencies. 

The intent of jurisdictional integration is to integrate the processes that allow seamless travel and coordination among jurisdictions, although the jurisdictions continue to operate as separate geographical and political entities.  Technical integration issues relating to jurisdictional considerations involve both the design and implementation of ITS solutions, as well as coordination issues among regional entities.  While jurisdictional issues often have organizational and coordination implications, these issues often interact with and affect technical system issues.  Therefore, organization and coordination issues must be considered in concert with the technical integration system issues.

The following provides additional insight and evidence into jurisdictional considerations and improving coordination and cooperation among agencies.

Create systems and plans that allow information sharing and coordination among regional agencies and states.  Experience has demonstrated that jurisdictional coordination is significantly improved by creating systems that allow management of implementations on a regional or statewide basis, as well as promoting the development of regional coordination plans.  Experiences in Iowa and the Washington, D.C. metropolitan area demonstrate how information sharing and regional planning can help manage ITS implementation statewide and improve regional coordination and communication.   

· When developing a statewide ITS architecture, the main goal of the Iowa DOT was to enable interoperability among all local transit operators.  To achieve this goal, the Iowa DOT developed a template for ITS contracts.  Transit agencies in the state must agree to the terms detailed in the template as a condition of participation in statewide ITS programs.
 

· Transportation agencies in the Washington, D.C. metropolitan area discovered the negative consequences of a lack of communication and coordination during the terrorist attacks of September 11, 2001.  Following the attack on the Pentagon, there was a rush of commuters fleeing the District of Columbia to the Maryland and Virginia suburbs just as the AM peak period was ending.  There was no communication between the Virginia and Maryland DOTs and the agencies located within the city, such as the District of Columbia DOT and the National Park Service, which operates some of the city's key roadways located on national parkland.  In addition, there was also no communication or coordination with the region's transit agency—Washington Metropolitan Area Transit Authority (WMATA).  The Virginia and Maryland DOTs employed a variety of strategies to handle the unanticipated demand and get people out of the city, such as adjusting traffic signal timings for heavy traffic, displaying messages on dynamic message signs, and opening high-occupancy vehicle (HOV) lanes to all traffic.  However, some emergency evacuation strategies could not be used due to the lack of communication and coordination among agencies.  The Virginia DOT could not reach WMATA to notify the agency that it was permissible for its buses to use the opened HOV lanes.  This limitation hampered those dependent on transit in their evacuation from the city.  This experience illustrates why it is critical to create a system that allows the state to manage implementations as a whole and to tie in each transit agency.
 

These experiences suggest that jurisdictional coordination and integration is best served by creating a system that allows the state or a region to manage implementations more holistically, across a larger geographical area, and by coordinating emergency management planning between different agencies and neighboring political jurisdictions.  The experiences of the Iowa DOT demonstrate that regional coordination helps manage ITS implementation on a statewide basis, which facilitates more effective ITS deployments.  With regard to emergency management planning, the experiences in the Washington, D.C. metropolitan area have led the regional agencies to work together to identify lines of authority among persons and agencies, strive to resolve different terminology, and develop systems to improve coordination and communication between agencies for future crises.  

Legacy Systems

Legacy Systems Lessons

· Comply with standards and select proven commercial off-the-shelf technology (hardware and software), when possible, to save money and facilitate integration with existing legacy systems.

· To identify and resolve system integration issues with existing legacy equipment, plan on adequate development time and thorough system testing to ensure systems are working properly after system integration.
One of the largest and most common hurdles when developing ITS is to make them compatible with existing systems already deployed.  There are several important factors that must be considered when integrating new systems with existing ones, and that can have significant impacts on the ITS system costs and deployment schedules.  These issues include integrating with existing legacy systems to save costs associated with implementing a new system, as well as complying with standards whenever possible.

Comply with standards and select proven commercial off-the-shelf technology (hardware and software), when possible, to save money and facilitate integration with existing legacy systems.  The experiences of TriMet and the experience of seven public transportation agency partners in the Central Puget Sound region of Washington State demonstrate that complying with standards and using commercial off-the-shelf technology can help save money, minimize risks, and make it easier to integrate existing systems with new ones.

· One successful strategy for procuring ITS technologies is to select commercial off-the-shelf technology (hardware and software) that is already proven.  The experience of seven public transportation agencies in the Central Puget Sound region demonstrates that modifying or customizing a particular technology entails greater risks.  A modified or customized system has the advantage of closely meeting the specified needs of the regional partnership, along with the disadvantage of needing more development and testing to be sure it does what it is supposed to do.  (In the case of the Puget Sound system, only the on-board driver display unit was significantly customized to accommodate emerging smart bus initiatives.)  Customized software may need to be developed in order to accommodate the partners' existing legacy systems.
 

· Integrating with existing legacy systems can save money associated with implementing a new system.  During procurement of a real-time bus arrival estimation system in the Portland, Oregon metropolitan area, the TriMet transit agency encountered several technical issues that were addressed successfully during project deployment.  The Transit Tracker system was built upon the same platform as TriMet's existing automated vehicle location bus dispatch and rail central control systems, saving software development time and system costs.  A few minor changes needed to be addressed because of the different requirements necessary for reporting information to customers as opposed to reporting information to the dispatchers.  As an example, for the real-time Transit Tracker system, TriMet had to change the rate at which information was provided and expand the type of information provided by the system to respond to the needs of the customer.
 

Agencies may not be able to eliminate all technical issues encountered with integrating ITS components that may occur; however, planning for issues and developing solutions prior to project deployment may help to minimize issues.  Complying with standards and using off-the-shelf technology can help to keep the project within the projected budget and schedule, and make it easier to integrate new and legacy systems.
To identify and resolve system integration issues with existing legacy equipment, plan on adequate development time and thorough system testing to ensure systems are working properly after system integration.

· A field operational test of an electronic payment system that attempted to integrate transit fare payment, parking payment, and electronic toll collection in the Orlando, Florida metropolitan area illustrates the importance of including significant planning and development time in the overall project schedule when a regional system is being implemented.  Given the large number of agencies involved in the Orlando integrated electronic payment project, extra time was needed to accommodate identification of and resolution of the various compatibility issues across existing legacy system equipment.  This experience demonstrates that it is important to plan adequate development time to identify and resolve system integration issues with existing legacy equipment.  The Orlando electronic payment system needed to integrate with existing field equipment, agency point-of-sale locations, existing revenue management systems at each agency, and a third-party clearinghouse system that settled prepaid funds to each agency based on the card payment and revalue transactions completed at each agency.
 

Technical Integration – Conclusions 

These experiences demonstrate that technical integration is a multi-faceted concept and involves more than simply assembling the pieces of a puzzle.  This type of integration involves functional, jurisdictional, and legacy system issues that all must be considered and coordinated to successfully integrate the components of an ITS system.  Following this guidance will help to keep project costs and schedules within projected ranges, and will help to foster ITS deployments that provide the anticipated transportation benefits and meet customer expectations. 
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