Section 1 - Introduction 





As part of the Maryland Department of Transportation (MDOT) State Highway Administration’s (SHA) Chesapeake Highway Advisories (for) Routing Traffic (CHART) Systems Management and Support Contract BCS93-23B with PB Farradyne Inc. and Subcontract 18223A-03 to Computer Sciences Corporation (CSC), a communications analysis for the CHART program was requested.  The principal deliverable of this analysis is a report outlining communications alternatives deemed technically sufficient to meet CHART communications requirements and a life-cycle cost analysis of those alternatives.  In this report, CSC documents the methods used to conduct the analysis along with subsequent results and findings.


This communications analysis was performed jointly by and in close coordination with multiple organizations within the State of Maryland.  From SHA, the Office of Finance and Information Technology, the Intelligent Transportation Division of the Office of Traffic and Safety, and the Office of Maintenance.  External to SHA, the Maryland Department of Budget and Management, and Intelligent Transportation Systems (ITS) Consultants from the firms of PB Farradyne Inc., Edwards and Kelcey, and JHK & Associates.  Close coordination throughout the study effort was also maintained with the Federal Highways Administration (FHWA) Maryland Division and the United States Department of Transportation (USDOT) ITS Joint Program Office (JPO).  CSC wishes to thank all of them for their assistance and cooperation.


1.1  Background


CHART is an Advanced Traffic Management System (ATMS) and the CHART program is currently a significant portion of ITS implementation in the State of Maryland.  Its mission is guided by the goal of achieving substantial gains in efficiency and safety on major highways in the State through the application of ITS technology.  As a result, four major ITS operational components are being deployed through the CHART program.  They are Incident Management, Traffic and Roadway Monitoring, Traveler Information, and Traffic Management.  Planning for CHART (including this effort) has been conducted in close partnership with other MDOT and state agencies, including the Maryland Transportation Authority (MdTA), which is responsible for major toll roads and bridges in the State, Maryland State Police (MSP), neighboring states, and Maryland’s counties, some of which are also planning and deploying ITS projects.


A significant aspect to deploying ITS applications and technology is the availability of cost-effective communications infrastructure.  In June of 1994, Maryland Department of General Services initiated a Request for Proposal (RFP) for fiber optics along the Baltimore to Washington corridor (includes right-of-way [ROW] on parts of I-83, I-95, I-695, and I-495 for which ITS devices were and are planned) which resulted in approximately 75 miles of infrastructure and cash.  From this successful resource sharing agreement, multiple dark fibers as well as some “managed capacity” were made available to MDOT by the private sector.  This left over 470 miles of interstate routes where major portions of over 1000 ITS devices are planned for installation in a range of priorities over the CHART program’s lifetime.


Later, Maryland DGS issued a second RFP for resource sharing that was unsuccessful in yielding additional fibers, managed capacity, or cash on other right-of-ways in the state.  


While subsequent resource sharing agreements were being sought, Maryland SHA conducted a preliminary analysis that indicated the cost to construct, own, operate, and maintain an exclusively private fiber optic network built on remaining portions of interstate right-of-ways might be prohibitive (Maryland State Highway Administration Enterprise-Wide Network Study Report - July 7, 1995), potentially in excess of 100 million U.S.  dollars.  


Based on this information and realizing that there were many competing technological solutions for this problem,  Maryland commissioned an analysis to identify and describe a cost-effective communications network architecture that would meet the needs of the CHART program now and into the future.  A major guideline for this analysis was that Maryland’s network architectural choices should be consistent with the possibility of future successful resource sharing agreements but should also be viable in lieu of this.  In addition, the analysis should take into account both the SHA-wide and statewide communications network needs and environment as well as rapidly moving commercial telecommunications technology and price trends and changes in the Federal and Maryland regulatory environments.


1.2  Scope


This analysis deals with issues that are of interest to many if not all transportation organizations involved in ITS. The analysis was conducted, however, only to provide clear direction to Maryland on its pursuit of a cost-effective communications solution in support of the CHART program.  Any interpretation of the results for other states or jurisdictions must be considered in context of the respective needs, and a likewise appropriate and cost-effective solution.  


As such, this communications analysis effort focuses primarily on costs of various communications alternatives that meet CHART requirements.  A significant amount of time was spent identifying and verifying requirements.  These are what drove communications options.  This analysis defines options and relative costs for communications needed to collect data, voice, and video from roadside ITS devices across Maryland and deliver it to CHART’s primary Traffic Management Center (TMC), the Statewide Operations Center (SOC) located in Hanover, Maryland.  


Three phases of the analysis are defined and completed.  First, define and validate the operational need for communications; second, develop an appropriate number of technology choices for implementation given the goal of finding the most cost-effective choice to fulfill the need; and third, examine costs of owning versus leasing the required communications capacity over the complete life cycle.  


The substance and conduct of this analysis is consistent with how private sector corporations and other government agencies who require similarly large communications network infrastructure bases pursue what constitutes a major business decision.


Although several non-quantitative issues relating to ITS implementation in general and issues specific to competing communications alternatives were raised during the study’s conduct, none were used as a basis for the findings of this analysis.  Needs were identified, representative technology architectures were defined, and relative advantages and disadvantages of various communications strategies were considered and documented, but ultimately, the analysis and resulting recommendations were cost driven.


Based on information obtained during the needs analysis phase, providing information to SHA senior management along several key decision paths in addition to the lease versus buy question became necessary in order to resolve issues that could have significant impacts on the cost estimates developed for this study. These issues meant that substantial effort would have to be placed on identifying requirements and are described below.


A considerable amount of discussion and debate took place during the communications needs analysis phase of this effort regarding video quality required for the CHART program’s operation. Associated with was the supporting transmission capacity or bandwidth needed as a result.  To resolve the issues, several hours of video tape were recorded from both broadcast quality analog video transmission and the compressed digital form as used by Maryland SHA and Montgomery County. The County is one of the large metropolitan counties in the State of Maryland that is also deploying ITS technology.  In conjunction with the lease versus build question, analysis results are structured so that costs for deploying different technical infrastructures with respect to each level of video quality could be examined.  Key criteria such as the number of video cameras and communications links needed on various interstate road segments are included.


During the course of the communications needs analysis, substantial requirements were identified on behalf of traffic management, incident management, and maintenance personnel located at CHART facilities statewide.  These facilities included regional Traffic Operations Centers (TOCs), Engineering District offices, and SHA maintenance facilities from which incident response personnel are dispatched.  It became clear that there is a need for access to the CHART information and control systems and access to CHART products (including video) at several locations distributed across the state.  Several focus groups were conducted with key CHART stakeholders and a set of operational needs for use of the CHART system were identified. 


At the time of this anaylsis, Maryland SHA was in the process of deploying a substantial administrative and Computer Aided Design and Drafting (CADD) network that included service to Engineering District offices and SHA maintenance facilities. Since personnel at these facilities play a well-defined role in the CHART ATMS, the question of developing one network versus two was posed.  In an earlier analysis, recommendations were made to reduce future overall SHA network operations and maintenance costs by consolidating the administrative/CADD network with the CHART ITS network.  In response to this issue, the analysis is structured to identify the differences between costs of a network that links roadside devices to the SOC only and costs for a consolidated network that would, by definition, also link all of Maryland’s CHART facilities, including the SOC.


During the needs analysis, it was verified that Montgomery County was involved in placing a significant number of Closed Circuit Television (CCTV) cameras for ITS purposes on county roadways at or near major interchanges with state roadways.  The fact that significant communications infrastructure is being planned for installation in the county in support of this and other local government purposes led to an opportunity for collaboration with county implementors on the issue of communications and ITS information sharing.  This analysis is structured to define functionality and cost impacts given current collaboration plans with Montgomery county on ITS communications issues.


It was not practical to predict CHART communications costs based solely on highway mileage.  This is because actual communications costs vary widely with device type, placement, type of electronics, design, and desired network functionality, and especially because many of the CHART facilities involved were not directly on the State ROW.  The analysis thus includes development of generic, representative technical architectures, to the extent that accurate cost projections could be obtained and compared.  Based on this analysis, necessary management decisions regarding the deployment of communications for CHART are facilitated.  The scope of technical architecture development was defined to include three components.  First was identifying industry-wide communications standards and technology that could meet the need, second was developing relative placement of electronics to achieve a cost effective network, and third was describing an effective and redundant connectivity plan.  Significant technical work remains that was not performed by CSC or PB Farradyne to identify specific placement of device sites and specification of actual equipment and services to be used in an implementation.


In obtaining costs for the options to be considered for CHART, several sources were used.  In conjunction with MDOT, FHWA, and Maryland DGS, informal pricing was requested from several commercial telecommunications service providers of both local and long-distance services.  Multiple sources of recurring and non-recurring pricing were used for all leased telecommunications circuits and a mixture of vendors’ pricing was included in the cost makeup for each option considered by the analysis.  


Construction cost estimates were developed by Maryland SHA’s ITS Engineering Team and represent a composite of actual construction projects and prior bid pricing.  Equipment and electronics costs were obtained from SHA’s ITS Engineering Team when available and contract pricing available to SHA and informal vendor quotes obtained externally supplemented this.


In addition to costs for construction, equipment, and recurring leased telecommunications circuits, this analysis considers costs over the total life cycle for network management and for operations, administration, maintenance, and provisioning (OAM&P) as necessary to meet network availability requirements.  Representative skills and experience for personnel and the cost of labor for those skills in the telecommunications industry were taken directly from information published by various industry monitoring groups (e.g., Gartner Group) and used as the basis for estimates in this area.


A 10-year network life cycle was directed by Maryland SHA for the analysis.  Ten years was deemed short enough to be of relevance to the rapidly changing telecommunications marketplace and long enough to represent life-cycle costs and to force consideration of technical obsolescence.


1.3  Methods


The planning, budgeting, development, and management of a large scale and complex technology program like CHART can best be accomplished by the application of distinct steps in a carefully constructed process, each step closer to a successful implementation.  This is especially true for communications networks where technology and budget managers must address several aspects of technology, some of which will change even before the project is completed.  


For this analysis, a subset of an appropriately structured systems engineering methodology was employed.  Each step had a defined input and output, as they typically must proceed in strict order.  Generally, if this is not done, potential for a significant amount of “backtracking” may result that can derail any complex project.  The relevant steps which were used as a guide during this analysis included:


Definition of concepts, goals, and objectives - the majority of this work as it related to the CHART program was completed by SHA and its ITS Consultants prior to this analysis.


Development and validation of requirements - significant effort was spent in capturing CHART functional and communications requirements consistent with the above goals.  The product of this effort is documented in the report.


Architecture definition and development - a suitable notion of how the communications network can be implemented and typically documented in the form of diagrams defining building blocks and how they interact.  This is done so that costs and technical feasibility can be assessed and is also documented in this report.


Cost estimation and feasibility analysis - the primary target of this analysis, this step assigns and accumulates life-cycle costs of equipment, plant infrastructure (e.g., roadside fiber optics and electronics, telecommunications circuits), computers and software, and personnel to one or more alternative architectures so that they may be compared and analyzed.


During each phase of the analysis, CHART device deployment on Maryland roadways was considered with respect to type of device used, geographic placement, and the priority of installation.  In order to accurately project costs, time phasing of each planned installation was used to begin recurring cost allocation where appropriate for communications.  Control of the devices and required access to informational products produced by the CHART control system software was also considered to determine personnel and facilities served by the communications network.


1.4  Organization


The remainder of this document is organized as follows:


Section 2 presents a dialogue of events and information that formulated the operational goals for the CHART program including communications, and presents the resulting technical requirements for the consolidated SHA network.


Section 3 presents development of the technical alternatives in terms of leasing, building, and technology options considered.


Section 4 describes the derivation and distribution of costs allocated to each alternative.


Section 5 presents summary cost data and the subsequent findings from the analysis.


Appendix A documents the Technical Exchange Meetings held between 6/5/95 and 6/7/96 and all pertinent information dicussed at them.


Appendix B contains a copy of the baseline database that contains a list of all existing and planned CHART ITS device site locations.


Appendix C describes the relative priority and time phasing for all CHART ITS device installations at the time of the analysis.


Appendix D contains a description of time phasing of CHART deployment by major roadway segment.


Appendix E contains detailed construction costs and assumptions for the build portion of each technical alternative.


Appendix F contains equipment specifications and pricing data for each technical architecture alternative.


Appendix G contains details supporting network software costs.


Appendix H contains details on endpoints and numbers of leased circuits considered.


Appendix I contains an analysis of system availability.


Appendix J contains background technical information describing each technology considered.


A list of acronyms commonly used throughout the document and a bibliography of all publications referenced are also provided.
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