Executive Summary





This report is being provided by Computer Sciences Corporation (CSC) and PB Farradyne Inc. under contract to the Maryland Department of Transportation (MDOT) State Highway Administration (SHA). It documents a telecommunications study that was conducted as a joint project with SHA’s Intelligent Transportation Systems Division (ITSD) and Office of Finance and Information Technology, Maryland’s Department of Budget and Management (DBM), United States Department of Transportation (USDOT)/Federal Highways Administration (FHWA), and SHA’s Intelligent Transportation System (ITS) consultant firms.


The objective of the study was to identify and describe an affordable telecommunications alternative for Maryland’s Chesapeake Highways Advisories for Routing Traffic (CHART) program. CHART is an Advanced Traffic Management System (ATMS) and is a significant part of MDOT’s ITS initiatives. CHART is the first statewide deployment of ITS in the nation. Over 500 miles of Maryland roads are involved, with over 1,000 advanced technology ITS devices in the field. Information from these devices is communicated to a complex computer system that allows operators to see road conditions, provide for emergency response when needed to ensure public safety, manage traffic flow, and provide travelers with real-time information to assist in their decision-making.


Critical to an effective ITS program is a robust telecommunications infrastructure with enough capacity to allow ITS data, voice, and video to flow between field devices, computers, and the operators who must control them. Initially, Maryland had considered the financing of a private telecommunications network based on fiber optic cabling along major SHA rights-of-way. The funding required to build this network was estimated at over $100M, equivalent to other capital-intensive highway and bridge projects SHA has undertaken.


Because of the magnitude of the project, SHA determined that a comprehensive analysis should be done to examine the issues in detail and see if building a private network was the best and most economical choice for the State. As a public agency subject to legislative and executive oversight, SHA approached the project prudently to ensure that whatever approach it chose was backed by sound business and technical analysis. In the private sector as well as the Federal government, detailed tradeoff analyses between different approaches are a common engineering practice when faced with similar decisions on large, technically sophisticated projects.


A previous analysis, done at a very high level, indicated that building a private network of this magnitude would have an extremely long payback period. The payback period was the number of years of annual lease charges paid to a commercial telecommunications provider who could provide important pieces of the network. Since the payback period approached the useful lifetime of some of the private infrastructure, leasing it might prove to be economical. Since some of the technical issues involved were subjective -- an example is the quality of video needed to see traffic conditions -- a detailed analysis that included perspectives of users, operators, media, and senior management was undertaken.


The detailed objective of the analysis was to accurately estimate life-cycle costs for alternate telecommunications approaches that included a private network versus use of the existing commercial infrastructure. Each would have to be proven capable of collecting ITS data, voice, and video from roadside traffic management sites across Maryland and deliver them to CHART’s primary Traffic Management Center (TMC), the Statewide Operations Center (SOC) which is located in Hanover, Maryland.


Because of the complex nature of the analysis, CSC and PB Farradyne used a structured systems engineering methodology that consisted of careful, progressive steps (one not typically used by transportation departments when considering ITS telecommunications). The first step was to define and validate the needs of CHART in terms of telecommunications. Since telecommunications requirements are very technical and not obvious, a technique was employed to define the users and operators of CHART systems as well as the consumers of CHART information. In this way, the technical requirements could be validated by these stakeholders as either necessary in contributing to their needs or not.


As a result of this approach, several significant requirements findings were identified that directly affected the type of network needed to support CHART. Before this analysis, the only users of CHART information were the operators at the SOC and Traffic Operation Centers. During the requirements analysis, SHA personnel at maintenance shops and engineering offices throughout the state strenuously voiced the need for traffic and roadway monitoring information since they were required to respond to roadway incidents and road conditions in real-time. They also were in the position of responding to the public and the media, sometimes without up-to-date information. The Maryland State Police likewise voiced a need for real-time information since, as in most states, they are the first on the scene of major highway incidents and have a need to see traffic and road conditions from their barracks locations in order to support responding units.


Based on this new information, it was apparent the CHART telecommunications network would have to not only stretch across the state, but it would be required to deliver information to field locations, something unique in relation to most other ITS implementations to date. The study was expanded at this point to include analysis of a so-called decentralized approach as well as the traditional approach to ITS networks -- direct hardwired connection to the primary traffic management centers.


Another important and somewhat contentious issue among technical personnel planning the CHART system was the quality of video that was needed to support real-time traffic monitoring and display to the public via local media outlets. Two forms of video are readily available in the marketplace: high-quality full motion video, which needs dedicated fiber or copper media or a very high bandwidth digital medium, or lower-quality compressed video, which can be digitized and carried over dedicated media as well as through public telecommunications circuits at much less capacity. The important discriminator between the two is the bandwidth needed to carry the resulting video signals. Full motion video requires at least 45 Mbps compared to a minimum of 384 Kbps for compressed, a difference between thousands per month and hundreds per month in lease costs.


The issue of video was determined by recording on videotape the two qualities of video and showing it to the CHART users and operators while posing the question, “Will this allow you to do your job?”. The question of “Which do you like better?” was intentionally not asked. The results showed that the lower-quality signal was indeed adequate for all interested parties, so a decision was made to validate it as the minimum requirement for video.


The next step in the study was to draw up several competing alternatives, called technical architectures, for cost comparison. The alternatives included at least one that featured a significant portion of commercially leased telecommunications lines that could meet minimum requirements for video and one that would allow higher quality video to be provided. These options described a private network along some or all of the CHART roadways. In all, 22 separate options were devised and evaluated. The options took into account various roads and sections of roadway with different traffic characteristics and hence various ITS device accommodations in the CHART plan. Four of the options described completely leased telecommunications capacity while 18 had a mixture of leased and private capacity. The alternatives also allowed for tradeoffs to be assessed between the traditional star-type network and a decentralized network that uses SHA facilities across the state.


A comprehensive cost model was developed that included not only construction of private fiber optics as opposed to leased circuits, but also the necessary equipment, software, and labor required to fully provision a working network, operate and maintain it over a 10-year life cycle. Unit prices for construction, leased circuits, equipment, and labor were obtained from SHA engineers, private industry, or industry monitors who publish this information. Details and sources are provided in the study.


Findings of the cost analysis were significant. A decentralized hybrid option with a substantial portion of leased communications circuits was the lowest cost over the life cycle -- approximately $70M. By comparison, a complete private fiber optic buildout was estimated to be $140M. Hybrid alternatives increased from $70M to $90M according to the amount of fiber optic construction. The more fiber optics, the higher the cost.


Since 75 miles of fiber optics exist in Maryland through an earlier resource-sharing agreement, recommendations were made to use this to connect major SHA facilities with a high-capacity trunk instead of connecting to individual ITS device sites along the right-of-way. This was found to be too costly and unnecessary since dedicated fiber optic media for full motion video was not needed. Several fiber strands could then be freed for other uses. A network architecture of this nature would provide for a single consolidated network for both ITS and other SHA uses, thus providing significant savings in the costs of managing one network instead of many.


Another significant recommendation was that even though long-term leases could be provided by the commercial telecommunications providers, a 3-year lease term was advised on the basis of projections for improved price/performance in commercial communications capacity. In this way, MSHA can capitalize on the positive effects of telecommunications reform if lower costs materialize. If not, they are free to renegotiate with the providers for better terms or opt to build the high-capacity, high-cost links in the network and bring them under private management if that is deemed cheaper later on. By building initially, this option would not be available. In either case, the recommended architecture would not require CHART telecommunications equipment to be changed.


Overall, SHA’s risk in deploying such a large and complex project has been lowered. Since an extremely large up-front investment for a private network is not needed, a larger percentage of the CHART budget can be directed to actual ITS functions that are in the public eye rather than telecommunications.
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