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Synthesis Paper

1.0 INTRODUCTION

This synthesis paper presents a summary of the results of the literature review and site surveys conducted as a part of this work order.  As stated in the work order scope of services, this synthesis paper will provide “…examples of successful maintenance programs, multi-year maintenance plans, maintenance policies, maintenance procedures, system maintenance requirements, maintenance support services, and maintenance activities.”  

1.1 Work Order Objectives

The following are the overall objectives of the overall work order:

1. Summarize the current state-of-art and state-of practice, and identify recommended practices, with respect to transportation management systems: (a) agency maintenance programs, (b) multi-year maintenance plans, (c) system maintenance concept and requirements, (d) maintenance support services, and (e) other maintenance activities.

2. Produce a technical guideline on how to (a) develop a maintenance program and multi-year plan that provides the policies, resources, environment, and procedures that are necessary to support transportation system operation, and (b) integrate consideration of maintenance into all phases of the transportation management system life cycle (e.g., initial planning, design, construction, operation, and future revision).

This synthesis paper is designed to fulfill Objective No. 1 above.  However, it is not intended for publication or wide dissemination. The primary product of this work order will be the Guidelines document for TMS Maintenance Concepts and Plans.  An annotated outline for these Guidelines has been prepared previously.  In order to provide for easy reference and correlation between this synthesis paper and the completed Guidelines document, this synthesis paper is organized the same as the annotated outline. 

1.2 Resources Reviewed for this Synthesis

This synthesis is a summary of relevant TMS maintenance concepts, issues, policies and techniques gathered from an extensive literature review and a survey of representative TMS in six cities around the country.  The literature review included an annotated bibliography of relevant sources and is attached as an appendix to this document.  The survey was conducted of a representative sample of TMS in the following cities:

· Albany, New York

· Charleston, South Carolina

· Cincinnati, Ohio

· Houston, Texas

· Detroit, Michigan

· San Antonio, Texas

A copy of the survey instruments and the individual answers are included as an appendix to this document.  The

2.0 Maintenance Program Development ISSUES

This section presents some of the building blocks of a maintenance program, such as technical approaches, techniques and measures of performance.  It is important to note that, the practice and procedures related to capital expenditures have been standardized around the federal rules and regulations regarding transportation funding.  This is because of the very large role that federal funding takes in capital spending for transportation.  Until recently, however, federal funding for operations and maintenance has been a relatively small proportion of the total expenditures.  One result of this low level of federal involvement in O&M is a wide variety in both the technical approaches to and method of funding O&M activities.  The discussion of the following program development issues documents some of the breadth of techniques discovered in both the literature review and the surveys.

One example of this variety in methods and practices is the use of the term “maintenance model.”  This deserves some discussion, because the term means something completely different to at least two states and, in both cases, has crosscutting implications for development of a maintenance program.  

In Arizona, a 1998 report (Ref. 3) documented the Arizona DOT’s enhancement of their Performance Controlled System (PECOS), highway maintenance management system into a tool that could also model the costs associated with the state’s intelligent transportation infrastructure (ITI).  In this case the “maintenance model” referred to a model of the costs associated with maintaining and repairing ITI (also known as TMS) elements.

In Oregon, the Western Transportation Institute prepared a very detailed ITS Maintenance Plan in 1999 (Ref. 22).  In this report, one of the key issues identified for the Oregon DOT was the need to standardize their “maintenance model” for dealing with ITS elements.  In this case the “model” referred to the sequence of events and procedures for dealing with maintenance (i.e., how were system or device failures reported, who responded, what are the priorities, etc.).

Both of the maintenance “models” described in this example are important parts of developing a maintenance program.  Each model, however, describes a different concept.  Therefore, it will be the practice of this report to discuss technical issues as generically as possible and to minimize the use of terms or jargon that might be misunderstood. 

2.1 Technical Components of TMS Maintenance

While many of the references acknowledged the impact of technical issues on maintenance activities, only a few provided significant detail on key technical issues.  The surveys conducted for this work order were primarily focused on policies and procedures could not get into great detail on most technical issues.

The following is a fairly broad list of the technical components involved with maintaining a TMS, along with a brief discussion of ways each component is treated in the literature and/or by those agencies surveyed:

Software Maintenance – There are three major categories of software involved with most systems:  

· Operating System – this controls the base level inputs and outputs to the processor, the display, storage devices and other computer hardware.  Examples include Unix, Linux, and Windows.  There may also be a networking component, either as part of the operating system, such as in Unix or Windows, or as a separate application, such as Novell.  Maintenance issues include system administration and network security, upgrades or “patches” to the latest version and dealing with potential incompatibilities between the OS and other hardware and software in the system.

· Commercial Off-the-Shelf – sometimes called COTS software, this includes commercially available applications that are part of the overall TMS operation, such as relational database management systems, word processing, and/or spreadsheets.  Examples include Oracle, MS Word and MS Excel.  Maintenance issues include configuration and user administration of COTS implementations, software maintenance contracts, upgrades and potential incompatibilities between COTS and other hardware and software in the system.

· Application Software – this is the system software that provides the central functionality of the TMS.  It may provide traffic signal control, transit management functions or freeway traffic management.  It may be similar to COTS software or may be a customized version written for a particular agency’s needs.  Maintenance issues include system configuration management, software maintenance contracts, backup and disaster recovery, user and operator administration and system security.  In addition, the issue of intellectual property rights and source code ownership has a tremendous impact on maintenance issues and costs.

The literature and survey results point to a few key considerations in dealing with software system maintenance.  These considerations and techniques include the following:

· The ITE Recommended Practice (Ref. 12) recommends planning for adequate on-going support for software maintenance and upgrades at the time the project is developed.  Historical trends are widely evident:  operating systems are upgraded every 12 – 18 months and are obsolete (meaning the vendor will no longer support a particular version) after 3 to 4 years.

· Work with the information systems group that supports your agency.  Most agencies now are supported by an information technology group responsible for maintaining the office automation tools (word processors, Email, etc.) necessary for everyday business.  These groups may offer the skills and even the funding necessary to maintain specialized TMS applications and computer systems.  This is also one of the ITE recommended practices (Ref. 12).

· Consider contracting out where the required skills are not available within the agency.  Several of references (Ref. 1, 5, 12, and 24) promote this as an alternative to the costly and time-consuming option of developing an in-house capability.  Most of the agencies surveyed had at least some component of their software maintenance contracted out.  In Cincinnati, the Ohio and Kentucky DOTs have relied on a complete turnkey contract for all of the system operation and maintenance for the past 5 years.

Communication Maintenance – The communications infrastructure is critical to every TMS.  There are both policy and technical issues that should be considered for maintenance of this infrastructure.

· Agency Owned versus Leased – this is often more of a policy decision than a technical one.  Many of the TMS referenced in the research, especially those built prior to 1996, have a communications infrastructure that is owned entirely by the agency.  Since 1996, the year the Telecommunications Act was passed, competition in the commercial data communication market has (somewhat) improved both the cost and reliability of leased communications service.  Tennessee DOT evaluated the life cycle cost of leased service versus owned and concluded, based largely on the cost of maintaining a fiber-optic communications plant, that leased services were more cost effective.  This decision was also influenced by the fact that the State of Tennessee had a favorable existing contract for leased services that included a service level agreement for on-going maintenance.

· Technical Maintenance Issues – some considerations for the communications network needed to support a TMS include the following

· Design alternatives and their impact on maintenance.  A few resources (Ref. 5, 12) mention the need for evaluating the life cycle cost of TMS design alternatives.  This particularly important for the communications infrastructure, since it is typically the most expensive element of a TMS in terms of both the capital and O&M costs.

· Redundancy in the communication system.  A recurring theme at most of the TMS that owned their communications infrastructure, is that the cables are often damaged by construction or other utility activities.  This is both a design issue, that is, network configurations can be designed for redundancy, as well as a response capability issue, that is, having the resources and response planning in place to repair the inevitable outages.

· Diagnostic and repair resources.  Several references, including the ITE Recommended Practice (Ref. 12) as well as sample maintenance contracts from Detroit and Virginia, highlight the importance of having the right equipment and trained technicians to diagnose and repair communications problems.  For example, it is virtually impossible to troubleshoot a fiber optic communications system without specialized (and expensive) equipment such as an optical time-domain reflectometer (OTDR).  A list of equipment such as this is typically required to be provided as part of a maintenance contract.  Some sample maintenance contracts are included in the appendix to this paper.

Hardware Maintenance – The maintenance requirements for each type of hardware in a typical TMS usually follows a recommended procedure from the device manufacturer.  Often local environmental considerations, such as weather, may impose additional maintenance requirements.  A number of references (Ref. 3, 4, 5, 22, 24, 26) provide detailed maintenance practices by TMS device type.  Some of the maintenance practices are based on actual experience (i.e., Arizona and Caltrans) while others are based on assumptions and extrapolations from limited experience.  The practices documented included preventative maintenance activities, mean time between failures and replacement frequency.  The devices or components for which detailed maintenance activities are available include the following:

· Traffic signal control installations – cabinets, controllers, detectors, pre-emption equipment, signal heads, and timing plans.

· Ramp meter installations – cabinets, controllers, detectors, timing plans

· CCTV cameras –housing, lens, and controller

· Dynamic Message Signs – controller, cabinets, structures, and display modules

· Highway Advisory Radios - 

· In-Pavement Loop Detectors – loops, amplifiers, cabinets, controllers

· Acoustic Detectors – antennas, cabinets, controllers

· Video Detectors – cameras, cabinets, controllers

· Piezo Detectors (WIM and Class) – piezo element, cabinets, controllers

· Power Supplies – step-up/down transformers, uninterruptible power supplies

· Video Walls – bulbs, display controllers, screens

· Central Computer Hardware – system backups, component replacement, software updates.

· Central Communications – power supplies, transmitter/receivers, network interfaces

· Node or Field Communications  - power supplies, transmitter/receivers, network interfaces, cables

2.2 Equipment Needs

With respect to maintenance activities, there are two basic categories of equipment needs:  spare parts and test equipment. 

Spare Parts – although it may seem obvious, the need for an inventory of spare parts to replace failed or damaged TMS equipment has not been well documented.  Even for equipment that can be repaired rather than simply replaced, it is often difficult to repair equipment in the field.  Thus, it is necessary to have spares available to replace an item in the field so that the broken one can be brought back to the shop.  Many maintenance contracts and even some procurement contracts use a “rule of thumb” of between 5 and 10 percent spares, that is 5 to 10 percent times the total installed base of certain critical items.  

A quantitative estimate for spare parts may be calculated if certain variables are known or can be estimated with confidence.  For example, if the MTBF and MTRR are known, it is possible to calculate how many spares will be required to have on hand to meet a desired level of availability (i.e., 95% of all cameras online at any given time).

Test Equipment – In the section on communications maintenance considerations above, the need for certain specialized equipment was discussed.  There are guidelines and suggested lists available in some of the references (Ref 24 and 25).  Sample maintenance contracts and RFPs for Florida, Detroit and Virginia are very specific in the types of equipment that the contractor must have in order to complete their work.  Some examples of the types of specialty equipment needed by maintenance contractors for a freeway management system includes the following:

· Bucket Truck for repairing cameras, overhead DMS, pole-mounted detectors and communication equipment.

· Timed Domain Reflectometer (for either optical or cooper media) for testing attenuation in communications cable.

· Light-source and power meter, also for testing fiber optic cable.

· Multi-meters for various electrical tests of power supplies, grounding systems, etc.

· Protocol analyzers and “exercisers” for testing the communications protocols and standards (i.e., RS-232, RS-422, and NTCIP or proprietary protocols)

· Ethernet “snifffers” for bandwidth analysis, network configuration and troubleshooting

· Utility location detectors for finding the markers associated with buried utilities and other infrastructure

· Video signal analyzers for testing and tuning video signal parameters.

2.3 Budgeting Issues

Traditionally, maintenance funding has been the responsibility of the operating agency.  In a few cases, such as Virginia, there is a statutory requirement that maintenance funds come “off the top” of the budget, that is, maintenance is funded first and then capital projects.  In the case of TMS projects, O&M costs are rarely included beyond the first year of operation.  Typically, the capital cost for implementing TMS elements are programmed for one category of funding while the O&M must come from another funding category.

The ISTEA legislation and later TEA-21 legislation have relaxed certain FHWA restrictions on federal aid funding of operations and management funding of TMS activities.  CMAQ funds can be used for certain O&M activities.  There are still roadblocks to using these categories for TMS.  The CMAQ funding is limited to certain qualifying projects and has a 3-year time limitation.  Federal funding for O&M must compete with capital projects for prioritization.  This means it often loses out to the larger more visible projects. 

The Volpe National Transportation Systems Center (VNTSC) recently interviewed several cities and MPOs regarding funding of O&M activities.  These interviews indicated a lack of knowledge about the availability of and guidelines for use of federal funds for O&M.  For those that had some knowledge of the availability of O&M funding, indicated some reluctance to pursue this source of funding because of the competition with capital projects and the level of effort involved (i.e., it takes the same amount of effort to secure funding for a large capital project as it does for a relatively small O&M project).

The relative newness of TMS projects means that many agencies do not have much experience with maintenance requirements.  There are quite a few references (Ref 5, 24, 25) available, however to assist in developing budgets for TMS maintenance.  Also, the maintenance budgets presented by some of the survey sites may be helpful in comparison (see appendix).

The Caltrans District 7 Maintenance Plan (Ref.  ) is unique in that a detailed methodology is used to develop workload standards for maintenance of each device type.  This methodology uses mean time between failure and mean time to repair (MTTR) for corrective maintenance activities as well as time spent in preventative maintenance.  An average travel time to conduct each activity is calculated based on the location of the maintenance facility and the mean distance to all devices of a given type.  Using these data, an estimated labor workload can be calculated for each device type (per unit per year).

2.4 Alternative Methods

There are two basic options for conducting TMS maintenance:  in-house resources or contract maintenance.  For the vast majority of TMS locations cited in the literature there was some combination of in-house maintenance and contract operations.  Our survey also was reflective of this hybrid approach to providing maintenance, but include two extremes.  Cincinnati has a turnkey O&M contract that includes all system maintenance.  The local Ohio DOT district office will be taking over more responsibility and involvement in the ARTIMIS system in April 2002 and this may change in the future.  The department explained that one of the drawbacks of a turnkey O&M contract is that lack of involvement sometimes means a lack of control.

The other end of the spectrum is the Albany, New York system.  Here, the New York State DOT handles practically all system maintenance for this 35-mile freeway system.  Some maintenance responsibilities for the TOC are shared with the State Police who are collocated in the same facility.  They have recently negotiated an agreement with the State University to provide maintenance on the CCTV cameras.  A software maintenance agreement with the vendor of the central system software was also recently executed as part of an overdue upgrade.

The use of and experience with device and system warrantees was explored in our survey.  One consensus is that while this can provide some benefits, it is difficult to administer.  Warrantees are often useful for obtaining replacement hardware, but the manufacturer does not usually provide repair or installation labor.  The installation contractor could be required to provide the repair labor, however there is a need to complete and finalize installation contracts within a reasonable time, which makes it difficult to hold back funds until the end of a warrantee period.  If there is no retainage, there is little incentive for the contractor to provide warrantee and repair labor service

Our experience in managing maintenance contracts on behalf of clients has taught us a few lessons.  For example, in Virginia, the DOT initially advertised for contract maintenance of a large freeway management system.  This would be the first such contract covering all of the field devices.  The RFP requirements included little detail about the status of existing system devices and lots of stringent requirements for response time and repair time.  The few contractors that bothered to respond all priced the contract much higher than the department’s budget, primarily because of perceived risk.  A re-advertisement for this maintenance contract was preceded by a pre-bid conference at which many details about the existing system were discussed and feedback solicited from the potential contractors.  The result was a much more competitive procurement with prices within the department’s budget.

2.5 Measures of Performance

Whether the maintenance activities are conducted by in-house personnel or contracted out, there are several measures of performance that can be used to determine the effectiveness of TMS maintenance.  These include:

· Mean time between failures – the average time between device failures, usually expressed in hours

· Mean time to repair – the average time to repair (or replace) a device, typically this includes the response time, expressed in hours

· System Availability – the time that the system provides its designed functionality, expressed in hours.  Typically, this excludes scheduled downtime due to maintenance or system administration activities.

· System Reliability – similar to Availability, but expressed as the probability that the system will be available 

· Expected values for failed devices

In developing desirable measures of performance, there is a need to use realistic numbers.  It is possible, for example, to provide 99.999% availability in computer servers; this translates into no more than 5 minutes per year of downtime.  However, the cost to provide this high availability will usually triple to quadruple the cost of a typical server installation.

2.6 Warrantees and Service Agreements

There is not much in the way of comparative analysis of warrantees.  Service level agreements are a fairly common practice in the telecommunications business, but have not had wide experience in the ITS business.  Still there have been some experiences and, even though what is presented here is largely anecdotal, there are some lessons learned that are worth presenting.

Warrantees are certainly recommended for most TMS related procurements.  All of the TMS sites surveyed required at least a 6-month warrantee on all devices.  The experience in being able to collect on these warrantees has varied.  Usually, manufacturers stand behind the parts warrantee, however the installation contractor is not usually available to provide installation or repair labor.   Some agencies have attempted to withhold final payment to the installation contractor until the end of the warrantee period.  This has the effect of delaying the closeout of the project, and offers little in return, since contractors usually structure other pay items so that they receive most of their money upon installation.

One technique that offers some promise of keeping the installation contractor involved after construction is complete is the combination of a maintenance pay item with the device warrantee.  The key elements in this approach are as follows:

1. TMS devices are paid for upon installation and acceptance.

2. A device warrantee, usually 12 months, is required, starting after final acceptance.

3. The maintenance pay item does not begin until the initial construction is complete and accepted.  The term of this maintenance period is matched to the warrantee period (12 months)

4. The maintenance pay item is bid as part of and at the same time as the installation contract.  The method of payment is a fixed price per month and covers both preventative maintenance and warrantee repairs (Repairs are dealt with on a time and materials basis).

The theory behind this approach is two-fold.  There is some additional incentive for the contractor to install the TMS devices in a quality manner, since it should reduce costs during the maintenance period, when warrantee repairs are reimbursed at a fixed price.  There is also a mechanism for paying for the labor to install a replacement device that failed under warrantee.  The pessimistic view of this approach is that the contractor may simply walk away from the maintenance phase of the project, once they have been paid for the installed TMS.  

The State of Tennessee is currently using this warrantee approach for the construction of the Nashville freeway management system.  A copy of the wording for this approach, along with selected others, is included in the appendix.

3.0 Building a Maintenance Plan

3.1 Defining Objectives – the Maintenance Concept

Several references offer suggestions such as setting goals and objectives for a maintenance plan.  Often, measures of performance are used to set maintenance levels or even as the basis for maintenance budgeting.  These are very useful techniques, however, this approach can sometimes miss the bigger picture.  For example, a maintenance goal of keeping 95% of all CCTV cameras available at all times does not answer the bigger picture of why are CCTV cameras needed in the first place.

The systems engineering approach is being promoted as the preferred method for developing ITS projects.  Systems engineering is a structured way of thinking about systems development and starts with a concept of operations.  A concept of operations summarizes what the system is supposed to accomplish and under what conditions is will be done.  From this concept, a set of requirements can be developed.  It is these requirements that drive the rest of system design and implementation.  Figure 1 is a graphical illustration of the steps in the systems engineering process.  This “V” representation is one of many ways to depict the systems engineering process, however it is the model currently being presented in the FHWA / NHI course entitled “Introduction to Systems Engineering.”

An inherent element of the system requirements is the maintainability of the system.  This can be captured in the design alternatives analysis, maintained as part of the configuration management of the system and verified during the operational phase of the project.  A more comprehensive approach however, would be to develop a “maintenance concept” that parallels the concept of operations.  The maintenance concept would then lead to high level and detailed maintenance requirements.  Implementation of the system would also result in implementation of the maintenance management program, verification that the system is as maintainable as hoped and finally concurrent operations and maintenance activities.  The crosscutting activity of system validation assessment during the operation phase would also be paralleled by a validation that the maintenance concept was captured in the management of the system and the verification that maintenance requirements were being met.


Figure 1.  Systems Engineering Life Cycle Process

Consider the following example of a how maintenance concepts can parallel the development of operational concepts.  An agency is considering the implementation of adaptive traffic signal control to help with arterial congestion.  The initial concept of operations is to upgrade all of the agency’s signals to adaptive control.  As the concept is further defined into system requirements, the maintenance concept is also developed.  The maintenance concept recognizes that the new technology being proposed cannot impose drastically higher maintenance requirement on the agency without some beneficial tradeoffs.  Adaptive control algorithms require significantly more detector data to operate successfully.  More detectors will require a higher level of field maintenance.  Prior to completing final design, the scope of the adaptive control project is scaled back to just the critical intersections.  Even though there will be some increase in field maintenance of the new detectors, this effort is offset by better performance through the critical intersections and reduced engineering time revising timing plans.  In this example, the feedback from the parallel development of a maintenance concept and requirements has resulted in a refined concept of operations and related system requirements that is more in tune with both the operational and maintenance funding of the agency.

The Systems Engineering process is more than just steps in system design and implementation; is a life cycle process.  It recognizes that most systems are built incrementally and/or expand over time.  The same crosscutting activities that take place during the systems development life cycle should also encompass the maintenance concept and maintenance management.  These activities include:

· Requirements walkthroughs

· Risk management

· Configuration management (traceability)

· Validation and Verification (traceability)

3.2 Components of a Plan

As mentioned previously, one of the concerns of some agencies is that there is no consistent “model” or uniform set of maintenance practices.  Thus, at least two maintenance plans (Ref. 24 and ??) go to great lengths to define terms, practices and procedures so that they can be consistently used for all cases.  The following sections are a consensus of definitions used in several key references.

3.2.1 Corrective Maintenance

Typically referred to as repair or response maintenance, including emergency maintenance due to knockdowns or lightning hits.

3.2.2 Preventative Maintenance

This is defined as the periodic exercise of cleaning, lubricating, visual inspecting each device in the TMS.  Sometimes preventative maintenance is referred to as a “luxury.”  

TMS device manufacturers typically provide some guidance on the frequency of preventative maintenance (PM) needed to uphold the device warrantee.  

There are a few examples of recommended PM frequency for TMS devices.  There is a range reported in the literature that varies by agency.  However, there is little empirical evidence on the impact of PM on corrective or repair maintenance.  Excluding the knockdowns and lightning strikes, it would seem intuitive that more (some) PM will reduce failures and the associated costs of repair or corrective maintenance.  There should be a break point at which the cost of PM outweighs the corrective maintenance costs.  Perhaps that will have to be the subject of future research.

3.2.3 Elements to be Maintained

The Maintenance Plan must specifically identify the TMS elements to be included in preventative maintenance.  For corrective maintenance a predetermined priority list is a minimum requirement.  Ideally, a process can be defined for assigning priorities for corrective maintenance as problems occur.

For at least the following elements a description of maintenance actions and frequency

· TMC Hardware

· TMC Software

· Video Walls

· Communications Plant

· Surveillance devices

· Signal Controllers

· Video Systems

· Web Pages

· Dynamic Message Signs

· Highway Advisory Radio

· Environmental Sensor Stations

· Public Information Dissemination

3.3 Inventory, Databases and Asset Management

A clear message from all resources and participants involved is that whatever type of maintenance program is selected for a TMS, it must be well organized and efficient.  One of the best tools to help with this is a maintenance management system that includes, at a minimum, an inventory or database of all major devices and subsystems within a TMS.  

A step-up from a simple inventory based maintenance management system is the Asset Management system.  Asset Management systems are available from a wide variety of commercial vendors and are widely used in both public and private practice.  Typical features will include a bar code or other system for tagging each item in the inventory, tracking of MTBF and MTTR measures, comparative analysis of maintenance activity by location, by vendor, by time of year, etc., and reporting of various maintenance and inventory characteristics.  

The literature review and site surveys reported several key considerations in setting up a maintenance management or asset management system.  These are listed as follows:

· Level of Detail to Inventory – determine how much detail to maintain in the inventory; typically, an agency should inventory down to the lowest level of device repair or replacement.  For example, if traffic signal controllers are repaired at the circuit board level, then the inventory should cover both controller assemblies and their circuit boards. 

· Maintain a Structured Inventory - the inventory should be able to separately track where the TMS device reside, installed in the field or TMC, stored in a warehouse, shop, repair facility, held by contractors or in maintenance vehicles as ready spares.

· Bar Code or Tag System – similar to the UPC codes on retail packaging, an agency should consider using a bar code system to facilitate the inventory.  The bar code or tag is tracked in the inventory to the device serial number.  Hand-held scanners are optional, but can quickly read the tag as the inventory is updated during maintenance activity.  

· Automated Event Logging - The use of a bar code or tag system and hand-held scanners in conjunction with a maintenance management system can automate the inventory and maintenance event tracking system, largely eliminating time consuming paper tracking.

3.4 Managing a Maintenance Plan

With the maintenance plan developed, approved and funded, there must be a structured practice for managing the plan.  The basics of plan management are similar to other practices and should include:

· Performance Monitoring – regular checking of plan metrics and budgets against the maintenance plan projections

· Oversight Support  – support of the plan over time and its relationship to training, and staffing issues

· On-going Multi-year Planning – Plan for changes in TMS components, emerging issues, changes in the process and new or evolving needs of stakeholders.  Check that the level of effort and resources are appropriate to support a multi-year maintenance program plan.

· Operational Needs – Check that the maintenance concept is consistent with operational concept.

· Safety Considerations – Check that maintenance activities are being performed according to required safety procedures.

· Documentation – Creation and maintenance of reports on TMS status and maintenance activities, problems, concerns, etc.  This would include status reports for TMS and agency administration.

· Configuration Management – Maintenance activities that modify a system configuration, such as replacing a failed TMS device with an upgraded model, must be documented and approved through a configuration management process.

3.2.1 Construction & Maintenance User Service & Market Package

There are tools, such as commercially available asset management systems, that can help with the operation and management of a maintenance plan.  There is also a new User Service within the National ITS Architecture that can help describe and specify a function to support the maintenance of a TMS.  The new user service “Maintenance and Construction Operations” is introduced in the new version of National ITS Architecture (Version 4.0). 

The following are requirements of the user service “Maintenance And Construction Operations” that an intelligent transportation system should provide (the numbering scheme is the same used in the National ITS Architecture):

	8.1.0
	ITS shall provide Maintenance and Construction Operations (MCO) functions to support monitoring, operating, maintaining, improving and managing the physical condition of roadways, the associated infrastructure equipment, and the required resources. MCO shall focus on four major functions: 1) the Maintenance Vehicle Fleet Management function, to monitor and track locations and conditions of fleets of maintenance, construction, and specialized service vehicles; 2) the Roadway Management function, to monitor and forecast conditions and manage treatment of roadways during various travel conditions; 3) the Work Zone Management and Safety function, to support effective and efficient roadway operations during work zone activities; and 4) the Roadway Maintenance Conditions and Work Plan Dissemination function, to coordinate work plans and to communicate conditions. This User Service will utilize ITS systems and processes to support interchange of information among diverse groups of users, to improve efficiency and effectiveness of operational, maintenance, and managerial activities.

	8.1.1
	Maintenance and Construction Operations shall provide a Maintenance Vehicle Fleet Management (MVFM) function to schedule and dispatch, monitor and track location, and monitor operational condition and maintenance requirements of public and contracted fleets of maintenance, construction, and specialized service vehicles. This function includes interactions among Traffic Managers, Supervisors, Dispatchers, Field Crews, Construction Crews, Vehicle Maintenance Crews, Equipment Maintenance Crews, Weather Services Organizations, and Information Service Providers.

	8.1.2
	Maintenance and Construction Operations shall provide a Roadway Management (RWM) function to monitor traffic, road surface, and environmental conditions and forecast traffic and road surface conditions to support management of routine and hazardous road condition remediation and to communicate changes in conditions. This function includes interactions among Traffic Managers, Supervisors, Dispatchers, Field Crews, Construction Crews, Asset Managers, Planning Agencies, and Weather Services Organizations.

	8.1.3
	Maintenance and Construction Operations shall provide a Work Zone Management and Safety (WZMS) function, which provides support for the effectiveness, safety, and efficiency of roadway operations during all work zone activities. This function includes interactions among Traffic Managers, Supervisors, Dispatchers, Field Crews, Construction Crews, Public Safety Organizations, Information Service Providers, and Travelers.

	8.1.4
	Maintenance and Construction Operations shall provide a Roadway Maintenance Conditions and Work Plan Dissemination (RMCWPD) function to provide Intra- and Inter-agency coordination of work plans. This function includes interactions among Traffic Managers, Supervisors, Planning Agencies, Public Safety Organizations, and Information Service Providers.


Defined in the National ITS Architecture, the Maintenance and Construction Management Subsystem monitors and manages roadway (or TMS) infrastructure construction and maintenance activities. Representing both public agencies and private contractors that provide these functions, this subsystem manages fleets of maintenance, construction, or special service vehicles.  The Maintenance & Construction Vehicle subsystem resides in a maintenance, construction, or other specialized service vehicles or equipment and provides the sensory, processing, storage, and communications functions necessary to support highway maintenance and construction. All types of maintenance and construction vehicles are covered, including bucket trucks, heavy equipment and supervisory vehicles.

Additionally ten Market Packages, defined by sets of equipment packages required to work together (typically across different subsystems) to deliver a given transportation service and the major architecture flows between them and other important external systems, which support the user service of  “Maintenance And Construction Operations” are given as following:

· Maintenance and Construction Vehicle Tracking

· Maintenance and Construction Vehicle Maintenance

· Road Weather Data Collection

· Weather Information Processing and Distribution

· Roadway Automated Treatment

· Winter Maintenance

· Roadway Maintenance and Construction

· Work Zone Management

· Work Zone Safety Monitoring

· Maintenance and Construction Activity Coordination

Not all of these market packages are necessary for every maintenance management system, but offer examples for possible use or enhancement as needed.  Table 1 summarizes the required subsystem and equipment packages needed to implement all of the market packages that facilitate the Maintenance and Construction user service.

Table 1.  Market Packages and Equipment Packages for Maintenance & Construction

	ITS Market Package
	Required Subsystems
	Required Equipment Packages

	Maintenance and Construction Vehicle Tracking
	Maintenance and Construction Management

Maintenance and Construction Vehicle
	MCM Vehicle Tracking 

MCV Vehicle Location Tracking

	Maintenance and Construction Vehicle Maintenance
	Maintenance and Construction

Management 

Maintenance and Construction Vehicle

Vehicle
	MCM Vehicle and Equipment Maintenance Management

MCV Vehicle System Monitoring and Diagnostics   

Vehicle Safety Monitoring System

	Road Weather Data Collection
	Emergency Management

Emergency Vehicle Subsystem

Information Service Provider

Maintenance and Construction Management

Maintenance and Construction Vehicle

Roadway Subsystem

Traffic Management

Transit Management

Transit Vehicle Subsystem

Vehicle
	Emergency Environmental Monitoring       

On-Board EV Environmental Monitoring   

ISP Probe Information Collection  

MCM Environmental Information Collection 

MCV Environmental Monitoring   

Roadway Environmental Monitoring 

Roadway Probe Beacons 

TMC Environmental Monitoring   

TMC Probe Information Collection 

Transit Environmental Monitoring  

On-Board Environmental Monitoring   Smart Probe

	Weather Information Processing and Distribution
	Emergency Management

Information Service Provider

Maintenance and Construction Management

Traffic Management

Transit Management
	Emergency Environmental Monitoring 

Basic Information Broadcast Interactive Infrastructure Information  

MCM Environmental Information Processing   

TMC Environmental Monitoring     

Transit Environmental Monitoring

	Roadway Automated Treatment
	Maintenance and Construction Management                         Roadway Subsystem
	MCM Automated Treatment System Control  

Roadway Automated Treatment

	Winter Maintenance
	Maintenance and Construction Management                            Maintenance and Construction Vehicle

Traffic Management 
	MCM Maintenance Decision Support  

MCM Winter Maintenance Management  

MCV Winter Maintenance   

TMC Incident Dispatch Coordination/Communication

	Roadway Maintenance and Construction
	Maintenance and Construction Management

Maintenance and Construction Vehicle

Roadway Subsystem

Traffic Management
	MCM Maintenance Decision Support    

MCM Roadway Maintenance and Construction 

MCV Infrastructure Monitoring     

MCV Roadway Maintenance and Construction

Roadway Infrastructure Monitoring        

Traffic Maintenance

	Work Zone Management
	Maintenance and Construction Management

Maintenance and Construction Vehicle

Roadway Subsystem                        

Traffic Management
	MCM Work Zone Management    

MCV Work Zone Support     

Roadway Work Zone Traffic Control    

TMC Work Zone Traffic Management

	Work Zone Safety Monitoring
	Maintenance and Construction Management

Maintenance and Construction Vehicle

Roadway Subsystem
	MCM Work Zone Safety Management   

MCV Vehicle Safety Monitoring    

Roadway Work Zone Safety

	Maintenance and Construction Activity Coordination
	Emergency Management

Maintenance and Construction Management

Traffic Management

Transit Management
	Emergency Response Management  

MCM Work Activity Coordination  

TMC Work Zone Traffic Management  

Transit Center Multi-Modal Coordination


4.0 Implementation of the Maintenance Plan

The literature and site surveys have identified a wide range of implementation models and procedures for TMS maintenance plans.  As mentioned above, this is largely because there has been no significant federal involvement in the funding of maintenance, leaving state and local agencies to define their own approaches.

Absent a federal mandate, rule making and guidelines, and the requisite commitment of federal funding, the implementation of a maintenance plan is dependant on the leadership of each agency.  Like every institutional issue facing ITS, there is a need for a champion to promote and encourage the development of policies and procedures, oversee implementation and management of the plan.

4.1 Policies, Contracts and Procedures

The structure of a maintenance policy is not so important as simply having one in the first place.  Once there is a general agreement that maintaining the TMS is part of the agency’s policy, there are a number of key factors in defining the details of the policy, including:

· Protection of Investment – maintenance is generally less expensive than replacement

· Configuration Management – as part of a maintenance policy, this helps assure that the original functionality of the system is maintained throughout its life

· Level of Service – encompassing operations and maintenance, this element of policy is focused on providing the traveling public with an operational system and the functions and benefits of that system.

There are practices and procedures that are helpful in implementing the maintenance policies.  For example, if contracting for maintenance, recognize what it may take for a maintenance contractor to economically provide short notice or even full time maintenance.  This may mean increasing the overall scope of the maintenance contract so that there is enough work to justify assigning contractor personnel to the TMS project.  Similarly, the length of time of a maintenance contract will have an affect on how many potential bidders it attracts and how the contract is staffed.  A longer contract, 2 years or more with additional option years, will allow a contractor to relocate staff to the TMS area.

Management of the maintenance plan, described in the previous section, like many TMS related functions, will require some level of effort on the part of the agency regardless of whether is contracted out or performed in-house.  The literature research and site interviews indicated that this work is too often added to the duties of existing positions within the agency, leaving little time to get everything accomplished.

4.2 Staffing and Training

The availability of properly skilled and trained staff is critically important to getting the most out of any TMS and assuring that it meets its intended concept of operations throughout the system’s intended life cycle.  There were several practices related to this critical need that were noted in the literature research and interviews.  These include:

· Pre-qualification of Contractors – Often a general pre-qualification process exists for many agencies, however as the skills change and complexity increases in a typical TMS, the pre-qualification process must be upgraded to match.

· Training by Vendors – Procurement contracts should include a requirement for on-site training of agency staff in maintenance and operations of the equipment, preferably conducted by the vendor.

· Training by Contractors – Procurement contracts should also include a requirement for on-site training of agency staff in the maintenance and operation of the assembled systems, including software, hardware and devices.

· Training Library – The operating agency should maintain a library of system documentation and, if available, a videotape library of training.

· Staff Retention – This can be difficult in a high-tech environment, but there are ways to improve retention, such as providing for additional training, allowing travel to technical conferences and workshops and other non-salary related perquisites for agency staff.

· Staffing qualifications – If procuring contract maintenance staff, specify minimum qualifications by position and require that contractor personnel submit resumes and proof of required certifications.  Periodically check on contractor personnel and require pre-approval of new staff prior to approving invoices for their work.

· Estimating staffing numbers – Staffing guidelines can be very agency specific, due to the different organizational structures across the country.  However, there were several references found in the literature that provide methodologies for calculating workload and using these workload estimates to generate full-time-equivalent (FTE) staff position descriptions.

4.3 Coordination with Operations

In basic the Systems Engineering process described in Section 3, Maintenance and Operations co-occupy the last step in the “V” diagram.  We have extended the Systems Engineering process to encompass a parallel Maintenance Concept that provides a structured process for validating and verifying maintenance requirements and execution that supports the original concept of operations.

Therefore there must be a close coordination between maintenance and operations.  The following is a list of some of the functions and activities that help achieve this coordination:

· TMS operational methods that provide assistance to maintenance – Checklists of all equipment should be done daily, but no less than once every week

· Operating ITS devices from the TMC during maintenance activities – coordinating maintenance events during less busy periods of TMS activity to allow assistance by the operators.

· System monitoring by operators – in addition to regular checklists, provide the operators with a troubleshooting guide that will allow them to provide more information to maintenance personnel than just a “it doesn’t work” report

· Communications – Provide for a dedicated media between operations and maintenance staff.  This may be a simple as cell phones, but could also include voice circuits from the TOC to field cabinets, and 2-way radios.

TMS operators should have some input into system availability status reports, beyond a simple listing of failed devices.  TMS operators should make sure that maintenance personnel know what impact system degradation has on their ability to perform important TMS functions.  This will assist maintenance personnel in prioritizing response maintenance.

5.0 Resources and References

Results of the Literature Review

References including example maintenance plans and other guideline documents

Appendices

Example contract for maintenance

Example database entries for inventory and bar code systems

Test equipment list

Time





Assessment





Operation & Maintenance





System Verification 





Subsystem Verification 





Integration & Test


 Design





Implementation





Detailed


 Design





High Level Design





Detailed Requirements





High Level Requirements





Concept of Operations








TMC Pooled Funds Study - Contract #DTFH61-C-00048
19

