A Synthesis of ITS Lessons

DESIGN AND DEPLOYMENT

Lessons in the design and deployment category discuss the approaches used in the design and completion of an ITS project including the choice of appropriate ITS technologies, use of ITS standards and systems engineering, ITS software development, and construction and implementation techniques.  Specific lesson topics on design and deployment include project management, requirements and design, standards and interoperability, implementation, quality assurance and testing, and design tools and models.  Key lessons learned are summarized below, followed by brief narratives of supporting evidences gathered from stakeholders’ experiences:
· Make use of flexible methods and accepted techniques for successful project management.
· Design and tailor system technology to deliver an ITS project that meets the needs of the users and the customers.

· Recognize interoperability as an important issue in achieving the vision of a nationwide 511 system.

· Cultivate commitment by the Federal Highway Administration and/or other appropriate agencies at the Federal level.

· Consider that advanced traveler information system deployment in rural and/or remote areas presents special challenges.

· Implement a limited-deployment fare pass system before implementing a region-wide fare card system.

· Conduct rigorous testing prior to deployment of an ITS project.

· Conduct a requirements analysis to determine the most appropriate ITS telecommunications solution.
Evidence-Based Lessons Learned

Project Management

Project Management Lesson
· Make use of flexible methods and accepted techniques for successful project management.

Make use of flexible methods and accepted techniques for successful project management.  Use of project management techniques and methods helps designers deliver smarter ITS solutions on time and within budget.  Many ITS projects have failed due to ineffective or poorly implemented project management activities. 

· One of the key successes of the I-95 Corridor Coalition's test of the integration of electronic toll collection and electronic screening for commercial vehicles has been the flexible approach to project management adopted by the project team.  This approach supported the mid-term project review that resulted in re-scoping of the project to eliminate the transponder subsidy for the motor carrier industry and to reallocate funds to support the development of online program enrollment capabilities.  This flexible approach also enabled the project team to leverage the policy changes that enabled the creation of "super accounts," which facilitated the creation of Best Pass and PrePass™ Plus.  The flexible structure also enabled extensive outreach efforts by the Maryland Motor Truck Association and the New York State Motor Truck Association to promote these super accounts.
 

· During the Seattle Wide-area Information for Travelers (SWIFT) field operational test, confusion about responsibilities and roles affected the project development process.  Early on, for instance, differences in how some organizations perceived their involvement in the SWIFT project caused some to view certain development activities as being a waste of time.  Others did not understand and/or misinterpreted their roles in the project, which caused them to waste time.  Some organizations viewed the SWIFT project as being a "research and development" project rather than a "demonstration" project that would involve actual implementation of new technologies.  As a result, some organizations exhibited a greater sense of urgency in completing their assigned tasks, or in building the SWIFT system, than did others.  Some team members eventually performed activities that were outside or in addition to their initial responsibilities.  This problem produced some hard feelings among the team members, but it was generally acknowledged that some organizations and individuals "picked up the slack" for those who did not clearly understand their responsibilities and roles.  One critical organizational element was the weekly teleconference.  This simple, yet cost-effective method of managing and discussing the technical issues involved with the project was deemed by many of the SWIFT team members as a primary instrument of the project's success.
 

· CDOT's I-25 Truck Safety Improvements Project (TSIP) was a large multi-jurisdictional project that utilized an integrator and manager.  CDOT believed this was sound rationale even though this structure was not a complete success.  The CDOT-manager partnership was a positive experience; however, the CDOT-integrator partnership was not as successful due to several unresolved issues.  The fact that the overall TSIP project was a success despite CDOT's problems with its integrator shows the value of applying systems engineering principles. 

· CDOT developed a five-tiered technical management structure that was implemented on a previous project and was maintained on the I-25 TSIP because of its proven effectiveness.  The five-tiered structure is comprised of five levels of oversight ranging from the upper management level with less frequent meetings to the day-to-day participants that meet more frequently.  Because of the deployment focus of this project, CDOT was able to eliminate two of the management levels that would typically be required for a normal software development project.  The structure will be maintained and of even greater value on future projects to develop the CDOT core advanced traffic management system/advanced traveler information system.

· Due to successful application of the risk management principles that form a key part of systems management, CDOT was able to develop recovery plans to complete the intended work when the integrator's services were discontinued.  Because of the systems engineering principles that were established, CDOT management was able to overcome adversities and complete the project successfully.  By maintaining budgeted costs and schedules, CDOT was able to achieve the established goals for the region that included increased mobility and safety, improved productivity, and enhanced intermodal connectivity and inter-jurisdictional coordination.
 

Requirements and Design

Requirements and Design Lesson
· Design and tailor system technology to deliver an ITS project that meets the needs of the users and the customers.

Design and tailor system technology to deliver an ITS project that meets the needs of the users and the customers.  It is important to keep the design simple by only including necessary components.  It is inefficient to design a system with high-end technologies that will not be used.  The users' needs and abilities should always be kept in mind when deploying new systems.

· When implementing a pilot program for an AVL system in its snow removal truck fleet, VDOT learned that the system should not be so cumbersome to use that truck drivers are overwhelmed.  Instead, the system should be tailored to deliver information of useful quality and quantity that the drivers can easily understand and absorb. 

· Two-way messaging was included in the AVL system as a means of directing the contractor portion of the snow removal truck fleet that was not on the VDOT radio network.  The intention was for supervisors at headquarters to send command messages ("Start plowing", "Return to base", etc.) to drivers via in-vehicle units (IVU)—in-vehicle global positioning systems (GPS) tracking receiver and communication devices) and that drivers would be able to send a limited set of preprogrammed messages back to headquarters ("I've finished plowing", "I'm lost", "Yes", "No", etc.).  In practice, however, two-way messaging was of lesser value to the contractor fleet than to the VDOT state fleet, even though VDOT trucks also had radios.  Although the same hired trucks were used during each storm event, the operators who drove the trucks were often different.  The turnover in operators negated the value of the operator training that was undertaken prior to the winter season.   Instead, staff responsible for the AVL system had to train the newly hired truck operators in the use of two-way messaging as they reported for duty at the start of the every storm.  The burden of training a constant stream of new drivers led to the abandonment of the AVL system as the preferred form of communication.

· Every State has a unique operating environment for commercial vehicles that will need to be considered when designing and deploying Commercial Vehicle Information Systems and Network technologies intended to be integrated with out-of-state systems.  The use of the databases and human interfaces, developed as part of several field operational tests varies significantly.  A survey of commercial vehicle inspectors in late 1999 found high use of various databases and systems in Connecticut and Rhode Island but lower use in New York, Massachusetts, and Maryland.  Much of the variation could be attributed to the technological and institutional environment within each State.  The evaluation strongly suggested these technologies could save time for roadside inspectors and improve the speed and accuracy of data reporting. 

· During the design and deployment of the Safety and Fitness Electronic Record Data Mailbox system, which enables states to exchange safety data on commercial carriers, it became apparent that New York faced several significant challenges that other States did not encounter.  New York is substantially larger and more geographically differentiated than the other states participating in the program, except Pennsylvania.  New York has a border with Canada, meaning that information related to provincial addresses is more important there than in states such as Connecticut or Maryland.  New York's large cities result in greater statewide complexity of routes and commercial traffic as well as a wider diversity of local and regional trucking companies.  Its large geographic area also means that a large number of inspectors use the systems.  Additionally, a significant percent of the carriers in the state operate on an intrastate basis only and are not represented in the U.S. DOT Inspection Selection System database.
 

· Snow removal activities represent the worst-case environment for testing AVL technology, as VDOT learned when conducting its AVL pilot program.  During snow events, temperature and climatic conditions are at their worst.  GPS signals undergo serious electronic signal attenuation and noise effects because of snow on trees and emissions from vehicle radios and strobe lights.  Vehicle-mounted units are subject to significant corrosion, mechanical shock, and fatigue conditions.  Although all of these conditions affected the performance of the AVL system in Virginia, they did not preclude successful use of the technology over three winters of use. 

· During its installation of IVUs on its snow removal fleet, VDOT also learned that IVUs should be permanently installed in vehicles when possible.  Along with the harsh winter environment, the repetitive installation and removal of IVUs also resulted in a higher than expected failure rate (5 to 10 percent per storm) for wiring and sensor units.  The unsecured units (i.e., those without a mounting board) moved around in vehicles during operations, resulting in the connecting plugs frequently being disconnected from the back of the IVUs, breaks in the wires, factures of the display screen, and separation of the antenna leads.
 

Standards and Interoperability

Standards and Interoperability Lessons
· Recognize interoperability as an important issue in achieving the vision of a nationwide 511 system.
· Cultivate commitment by the Federal Highway Administration and/or other appropriate agencies at the Federal level.
ITS standards allow systems to talk to one another by supporting information exchange or data sharing.  By developing a policy for ITS standardization, agencies can ensure that new ITS devices, systems, communications, and spare parts will all work as intended, in an interoperable manner. 

Recognize interoperability as an important issue in achieving the vision of a nationwide 511 system.  Deployers of 511 systems should recognize that interoperability is becoming an important issue in achieving the vision of a nationwide 511 system and should consider ways to achieve interoperability in their systems.  Interoperability deals with how 511 services with adjacent operating borders provide seamless information to users.  A growing number of 511 systems and major national travel corridors share boundaries and/or have significant travel between them.  Callers in one metropolitan area may wish to dial 511 to find information not just for their local travels, but for their entire trip, which might include traveling through other metropolitan areas or regions and crossing state borders.  As the number of areas of the country offering 511 services increases, it is believed that users will have an expectation that information relating to areas outside their region will be available in a single call.  For the vision to become a reality, callers need to be able to get information from areas outside the local 511 system, requiring interoperability of systems at the local level. 

· Currently, interoperability is being approached in different ways by different deployers.  This diversity of approaches will help provide the 511 services still in the planning stage with insight and lessons as to the best, most applicable solutions given a certain set of technical and financial circumstances.  For example, since December 2002, the metropolitan Cincinnati system, the Advanced Regional Traffic Interactive Management and Information System (ARTIMIS), has been successfully passing incident information into the Kentucky statewide Condition Acquisition Reporting System (CARS).  This data sharing is accomplished using Traffic Management Data Dictionary (TMDD) ITS standards, implemented in Traveler Information Markup Language/eXtensible Markup Language.  Kentucky traffic events reported in ARTIMIS are imported to the CARS-511 system in a fully-automated manner, without any manual data re-entry.  Although the two 511 systems were developed independently, the standards are allowing seamless data exchange. 

· In the San Francisco Bay area, the effort to deploy an interoperable system may have created some early implementation delays.  However, the advantages of developing a region-wide 511 system that has been tested will reduce the implementation schedule for other agencies as they prepare to implement a 511 system and will help to more equally distribute the development costs among all the system implementers.
 

Cultivate commitment by the Federal Highway Administration and/or other appropriate agencies at the Federal level.  While a contractual relationship existed between the Federal Highway Administration (FHWA) and VDOT for the integration of real-time data from the Virginia State Police (VSP) into VDOT's Smart Traffic Center, it became clear early on that FHWA was committed to the mission and success of the VDOT Richmond District during this project. 

· For example, when issues were raised about the exact protocol to use for the exchange of information between VSP and VDOT, FHWA was willing to evaluate the available protocols.  This evaluation is documented in "Final VSP Standards White Paper."  After reviewing the candidate standards' stability, the current usage of the standards by others, the usability of the standards considering the fact that the VSP legacy CAD system would not be changed, and other issues with standards (e.g., TMDD and the IEEE-1512 family of standards) as they relate to the VSP CAD system, FHWA concurred with VDOT's recommendation to use the Common Alert Protocol.  This one decision contributed significantly to the timely completion and success of this project.
 

Implementation 

Anticipating and preparing for the different institutional and organizational issues that arise during ITS projects will assist agencies in facilitating a smoother implementation process.  Providing project stakeholders with a clear picture of the project goals and agencies' roles in accomplishing those goals will also help build a common understanding of the process and its ultimate performance.  Maintaining flexibility throughout the process is crucial for agencies to be able to address any unforeseen changes that may occur.  Finally, giving specific agency employees who will be users of the system an investment in its success is an important ingredient for implementing ITS technology.
 

Implementation Lessons
· Consider that advanced traveler information system deployment in rural and/or remote areas presents special challenges.
· Implement a limited-deployment fare pass system before implementing a region-wide fare card system.
Consider that advanced traveler information system deployment in rural and/or remote areas presents special challenges.  Rural ATIS applications often involve remote locations that can result in additional deployment and maintenance needs.  Rural ATIS device installation can involve locations that are not only remote relative to central maintenance facilities and regional management centers, but also are a significant distance from necessary power and communications systems.  Terrain can affect communications transmission and coverage, making device placement, technology choices, and operational testing particularly important.  These factors can also result in more difficulties with future maintenance access.  While vandalism and theft are not unique to devices in rural locations, remote sites can pose additional concerns.

· One option is to deliberately place devices in secluded areas that are not conpiscuous and that are therefore less likely to be a target of vandalism or theft.  However, as noted above, this can introduce additional inconvenience and cost to extend power and communications access, as well as affect maintenance access. 

· The Washington State DOT reported that the seclusion of a device's site actually facilitated vandalism by making any intrusive activity less noticeable.  Another option to discourage vandalism is to locate devices near occupied locations such as maintenance sheds when possible that would also have the added benefit of providing easier access for maintenance.
 

Implement a limited-deployment fare pass system before implementing a region-wide fare card system.  The Puget Sound RFC project has benefited from having first-hand experience with several transit fare pass systems over the past decade.  While these fare pass systems were implemented to provide immediate benefits to transit riders, it was understood from the start that they were temporary systems—interim steps on the way to a comprehensive RFC system.  These early fare systems provided invaluable experience that laid the foundation for the RFC project, giving passengers, system operators, and transit agencies a chance to learn about these systems and to identify and resolve some of their issues before committing to a full-scale, region-wide fare card system. 

· Before implementing a region-wide electronic fare card system, it is important to consider the value of initially deploying a limited fare pass system, such as one for a university, in order to give transit riders a chance to get used to the new system.  This also benefits the agencies by helping identify and resolve potential problems or obstacles to full implementation.  Another successful practice is to examine the fare card implementation experiences and lessons from other locations and seek to apply those lessons to the local context and needs. 

· Two precursor fare pass systems were implemented in the Puget Sound region in the early and mid-1990s: U-Pass and FlexPass.  U-Pass was established in 1991 with the primary objective of reducing the number of students, staff, and faculty driving alone to the main campus of the University of Washington in Seattle.  Riders were provided with a pass that offered a variety of benefits, including not having to pay cash for their rides and an unlimited number of rides on King County Metro, Community Transit, and Sound Transit buses.  The success of this program led to the development of FlexPass, a similar system that is now in use by over 130 major employers in the Puget Sound region.  FlexPass was the first employer-based program of its kind in the U.S.  While these programs did not use electronic fare cards, they provided many travelers in the region with experience using a single fare pass valid on buses across multiple agencies. 

· In September 1999, Sound Transit introduced a more advanced fare card system, called Puget Pass, under its Fare Integration Program.  A region-wide agreement among five transit agencies provided transit riders a one-ticket fare system (though not a single regional fare structure) with seamless transfers on regional bus, commuter rail, and light rail services.  Puget Pass represented Sound Transit's fulfillment of a commitment in its ballot initiative as well as a contractual obligation to the Washington State legislature to support regionalism in Puget Sound.  This system ultimately benefited the RFC project because many of those who participated in negotiating the terms of the Puget Pass program also participated in the early deliberations and development of the RFC project.
 

Quality Assurance and Testing

Quality Assurance and Testing Lesson
· Conduct rigorous testing prior to deployment of an ITS project.
Being sure that the system has been debugged and field-tested before it is deployed system-wide will lessen the potential for a dangerous situation to occur and will improve the public's perception of how the system functions.

Conduct rigorous testing prior to deployment of an ITS project.  Due to differences in traffic signal controllers and traffic signal systems, an emergency vehicle preemption (EVP) system is not simply a "plug and play" type system.  Each EVP system needs to be tailored to fit the needs of the jurisdiction.  During system installation, adjustments will need to be made prior to system-wide deployment.  The system will need to be debugged using the parameters for that jurisdiction and, because of the nature of deploying this type of system and exposing the traveling public and the emergency vehicles to potential conflicts, a field test should be performed before system-wide deployment.

· Bench-testing can help prevent potential problems that may occur in the field when the system is deployed.  Traffic controllers should be set up in the shop the same way as in the field to replicate any issues that may occur.  In Fairfax County, Virginia, VDOT personnel found that their traffic signal controller software required an upgrade to allow dual use of the technology for both EVP and transit signal priority.  If provided, transit signal priority should always be a secondary request to an EVP request.  Prior to the software upgrade, VDOT found that the transit priority requests were granted the same level of precedence as an EVP request.  If this situation had not been tested before deploying the system in the field, a serious situation may have occurred.
 

· Staff at the Ottumwa Transit Authority in Ottumwa, Iowa felt that their project to install AVL and mobile data terminals on its transit fleet would have benefited from having a clear testing protocol and beta-testing early on in the process.  In order to minimize installation costs, equipment was installed in vehicles all at once.  Installation did not include any rigorous testing requirements.  Revisions to the system have been made over time, but the de-bugging process negatively affects operations since the transit authority has to bring all 51 of its vehicles into the facility for modifications.

Contracts with vendors should include an acceptance testing phase as part of the implementation process for new technology.  In this way, the agency is not left with a system that does not function properly once the vendor completes system development. 

· In Williamsport, Pennsylvania, the vendor selected by River Valley Transit to supply its traveler information system provided an end-to-end solution, which included clear testing and acceptance procedures.  This arrangement has resulted in a positive relationship between the agency and the vendor and has been key to the project's successful implementation.
 

Using a beta-site can help improve system functionality in a limited environment and keeps implementation costs under control.  A beta-test site provides software developers with the opportunity to analyze how the system works on a small scale before implementing the full-scale system.  Developers can also learn from beta-test system users how best to train future users. 

· During development of the ICTransit Card system, several factors lead to the selection of the Village of Los Lunas Public Transportation System in New Mexico to beta-test the system.  The agency was chosen because it had a diverse clientele; it was reasonably close to the software development team (Alliance Transportation Research Institute (ATR Institute)) in Albuquerque; it had experienced users of the Client Referral, Ridership, and Financial Tracking system; and personnel were enthusiastic about deploying a smart card system.  Using Los Lunas as a beta-test site allowed the ATR Institute to experience first-hand how the system would function on a daily basis and how to improve the system based on the knowledge and experience of the testing agency.
 

Design Tools and Models


Design Tools and Models Lesson
· Conduct a requirements analysis to determine the most appropriate ITS telecommunications solution.

An effective needs assessment is an important step in the selection of an ITS deployment.  In addition to a requirements analysis, a needs assessment also includes the use of a state or regional ITS architecture and the development of a telecommunications architecture.  A regional ITS architecture is used to help define the telecommunications requirements of an ITS deployment.  By identifying types, volumes, sources, and users of transportation information, a regional ITS architecture helps in understanding connectivity and bandwidth needs, as well as the nature of the communication flow (periodic, continuous, random).  A regional ITS architecture progresses from defining the highest level of needs to the specifics of data elements and data flows and the standards which may be applicable.
 

Conduct a requirements analysis to determine the most appropriate ITS telecommunications solution.  Many factors must be considered in deciding upon the right telecommunications solution for an ITS Program, and a requirements analysis is an effective tool for outlining these factors.  A requirements analysis is a hierarchical, iterative process for deriving and describing the full set of needs to be satisfied by a product, system, or service provider.  The selection of the most appropriate telecommunications solution depends on the identification of the full set of requirements.

· In conducting a rigorous requirements definition process for the Chesapeake Highway Advisories Routing Traffic program, the MdSHA reasoned that it could not develop an efficient network for the program without knowledge of why it was needed, who would be served, and how it would be used.  This information enabled MdSHA to identify the appropriate technical characteristics of the telecommunications system including data, video, and voice traffic. 

Insight: Technical Requirements
Technical requirements must be written in terms that telecommunications engineers can use to derive technical architectures, including components (such as video, data, voice, and the local area network) and performance characteristics (such as reliability, maintainability and availability, and security).  The requirements analysis should include the following three types of technical requirements:  

· Functional requirements that identify what is to be done.  For example, a functional requirement is that the network must carry incident information from the traffic management system to the traveler information system.

· Operational requirements that identify who or what performs the function, where the function is performed, how many perform the function, and when it is performed.

· Performance requirements that quantify performance measures such as how much, how often, or how fast.

· In defining technical requirements, MdSHA was able to minimize two key risks: (1) that the agency would build a network that would not meet its needs, and (2) that the agency would build a network that would be costly to change or redesign in order to take advantage of technology improvements.  By understanding and documenting its requirements, particularly by identifying who needed access to the information and how much bandwidth was required to provide acceptable access, MdSHA could build a network that adequately addressed its needs.
 

There are a number of useful tools available for developing a regional ITS architecture.  The National ITS Architecture provides a list of the elements at each step in the process, from which those appropriate to a region's architecture can be selected.  The U.S. DOT also has produced a product, "Turbo Architecture," to assist agencies in the efficient development of regional architectures.  U.S. DOT courses and training materials are also available.

· The Southern California ITS Showcase provides an example of a telecommunications ITS architecture.  The showcase includes 17 projects distributed across four Caltrans districts.  Systems from over a dozen agencies are included in or interconnected with the showcase.  Each system converses with its peers through a "seed" which performs translation.  Seeds are connected to a regional "kernel" which provides routing, network management, security, and other shared network services.  Kernels are also interconnected via the showcase's primary network connections.  Each district also contains a TMC co-owned and operated by Caltrans and the California Highway Patrol.  The TMCs are also interconnected via the State's wide area network. 

With a regional ITS architecture and a telecommunications architecture, agencies minimize the following risks: 

· The network may be sized too small to meet the eventual demands. 

· The network configuration may not match the user's needs.

· An approach is adopted that results in significant additional cost to be expanded to meet the full set of requirements.
 

Design and Deployment – Conclusions 

Most agencies consider an ITS project successful if it meets the requirements of the agency, the needs of the customer, and is deployed within the budget and schedule constraints.  Many agencies can benefit from the experiences of other agencies when designing and deploying an ITS project.  Often there are numerous issues that should be addressed and resolved in the early stages of a project.  Identifying other agencies with similar projects and discussing items that worked well and what they would or would not do again, can provide great benefits to an agency looking to deploy a project.  The benefit of this approach is a less costly and more efficient system that meets expectations. 
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