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In te l l igent Transportat ion Systems 

Strategic Deployment Plan Update 

 Triangle Region   

EXECUTIVE SUMMARY 
 

Over the past two decades, North Carolina has committed substantial 
resources to the deployment of intelligent transportation systems (ITS) to 
improve the safety and mobility of the state’s transportation network. 
Advances in technology and operational approaches in ITS have led to 
great strides in the use of ITS solutions worldwide. Along with these 
improvements, the United States Department of Transportation (US 
DOT), through the Federal Transit Administration (FTA) and the Federal 
Highway Administration (FHWA), has refined and advanced the 
requirements and guidance surrounding ITS planning and implementation. 
These advancements, largely finalized over the past 5 years, represent a 
significant modification to the guidance and requirements that were in 
effect when the current Triangle Regional ITS Strategic Deployment Plan 
(SDP) was developed in 2001 and 2002. The substantial build-out of the 
2001/2002 plan, in concert with the region’s advanced maturity in ITS 
operations and deployment and the refined requirements landscape, 
warranted the need for a revised and more all encompassing SDP. 

Along with providing the Triangle region with a comprehensive road map 
for implementing ITS, the updated SDP provides resources and templates 
that can be applied across the state. The Triangle Regional ITS SDP 
Update conforms not only to the latest federal standards, but also acknowledges the needs and requirements of the many 
regional, state, and federal agencies involved in the planning, implementation, operations, and maintenance of ITS 
deployments. This project expands the boundaries of a traditional SDP by providing its users specific processes and tools that 
have been tailored to augment and complement their current procedures.  

Some of the results and products of the SDP update include: 

 Snapshot of ITS best practices across the country and internationally 
 Multi-modal and regional list of projects: highway, transit, regional deployments 
 Training manuals for developing and maintaining regional architectures 
 Training manuals for evaluating proposed ITS projects 
 Guidance for linking and integrating ITS Planning with Transportation Planning  
 Guidelines for estimating project costs and system preservation costs 
 Unit cost derivations for ITS capital, operations and maintenance items, and an ITS specific inflation rate 
 Regional ITS Architecture that includes project level architectures 
 Regional ITS Architecture that provides documentation for Systems Engineering requirements 
 Guidelines and schedule for maintaining the components of the SDP 

 
 

 S D P  P U R P O S E   

The purpose of this document includes a 
comprehensive update of the existing regional 
ITS architecture and deployment plan guided 
by the Triangle region’s vision for applying ITS 
solutions to growing needs. The SDP update 
provides the users the tools to integrate ITS 
projects with existing and pending planning 
practices; effectively maintain all components 
of the plan as the region moves forward; and 
apply the procedures followed in the Triangle 
region to other areas of the state. This plan not 
only provides an update for the Triangle, but 
lays the foundation for a consistent and 
maintainable approach to ITS planning that 
can be applied statewide. 
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 S D P  D E V E L O P M E N T  P R O C E S S   

The importance of collaboration and coordination between agencies and between branches, units, and sections within 
NCDOT has long been recognized. Long-range planning typically involves groups of stakeholders who often represent 
different interests or jurisdictions involved in the process. The Triangle Regional ITS SDP was developed through a 
partnership between multiple agencies with a focus on developing tools and guidance that allow those agencies to implement 
and maintain ITS systems. For the Triangle region, this effort involved input from the Triangle Regional ITS 
Communications Partners, which is comprised of agency representatives at the local, state, and federal level. The Steering 
Committee, which is a subset of this group, led the effort for the SDP Update. Existing practices from each of the 
participating agencies are integrated into a single regional approach to ITS planning that can be used as a model across the 
state. The structure of the SDP itself also was developed in a manner that allows stakeholders to easily maintain the 
components that are more dynamic such as the regional ITS architecture and project evaluation matrix. 

The Triangle Regional SDP follows a needs-focused and value-delivered based approach to project development. The 
Triangle Regional ITS Communications Partners collaborated for the development of the regional vision, goals, and 
objectives to drive the ITS needs of the region. These objectives were compared against an inventory of existing ITS 
deployments to derive a summary of needs, or gap assessment. The Triangle Regional ITS Communications Partners then 
were able to revise the regional ITS architecture and identify a list of potential projects for the region. The result of the 
process is a comprehensive, prioritized list of projects rooted in the needs and consistent with the vision of the region.  

Using the ITS Deployment Analysis System (IDAS) application and evaluation measures identified as part of the SDP 
development project, over 175 projects were then 
evaluated and ranked into seven categories. The capital 
costs associated with the list of projects totals over 
$320M. The percentages of funds allocated by project 
type are shown to the right. When assessing the 
breakdown for the deployment allocation, two key 
features standout. First, almost one quarter of the plan 
accounts for system preservation. This is a key element of 
this plan and acknowledges a renewed emphasis on being 
good stewards of our existing infrastructure. Second, a 
substantial investment in active traffic management 
approaches, also known as corridor management has been 
identified. While not widely deployed in the United 
States, the success in Europe has captured the attention of 
many within FHWA as well as many state departments of 
transportation. While these deployments are benefit rich, 
corridor management approaches require a large capital 
footprint. These deployments represent almost 40% of the 
plans investment. 

The SDP was developed with the intention of providing 
the Triangle Regional ITS Communications Partners with 
the tools to adapt and prioritize projects as funding is available and as needs change. It provides other stakeholders who have 
a statewide interest, the tools to revise their approach to ITS planning. In addition, other regions have the ability to update 
their regional plans using a needs-based project development approach and a project evaluation approach that is grounded in 
current practices. Lastly, the SDP includes guidance for moving forward with project implementation, maintenance of the 
SDP components, and providing an ITS infrastructure that improves the safety and mobility for the Triangle region. 

 T R I A N G L E  R E G I O N A L  I T S  C O M M U N I C A T I O N S  P A R T N E R S  

These agencies represent multiple modes and stages of involvement with ITS (planning, design, and operations). 
Participation with the SDP development varied and included attendance in meetings, data collection, input on needs and 
issues, and the review of key documentation. The following list includes the agencies that were invited to participate. 
 

 Capital Area MPO (CAMPO)  NCDOT – ITS and Signals  Town of Apex 
 Chapel Hill Transit (CHT)  NCDOT – ITS Operations  Town of Cary 
 City of Durham  NCDOT – Public Transportation Division  Town of Chapel Hill 
 City of Raleigh  NCDOT – Transportation Planning Branch  TR Model Service Bureau 
 Durham Area Transit Authority (DATA)  NC State Highway Patrol  Triangle J Council of Governments 
 Durham-Chapel Hill-Carrboro (DCHC) MPO  Orange County Transportation  Triangle Transit 
 FHWA  Institute of Transportation Research and Education (ITRE)  Wake County 
 NCDOT – Division 5  Regional Transportation Alliance (RTA)  Wake County Emergency Management 

Highway Projects
24%

System 
Preservation 

28%

APTS ‐ Transit
2%

Emergency 
Management

2%

Regional Non‐
Infrastructure

3%

Corridor 
Management

39%

Statewide Non‐
Infrastructure

2%

Summary of SDP Proposed Funds for 25 
Year Planning Horizon
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 B E S T  P R A C T I C E S  

A Best Practices report is the first document contained within the SDP and provides an overview of specific programs that 
are of interest to the Triangle Regional ITS Communications Partners. Subject areas within the study include technologies 
and applications, ITS architecture development and maintenance, integration of ITS projects into the planning process, and 
maintenance activities associated with an SDP. The document serves as a reference tool and provides information for several 
other phases of the project including the Gap Assessment and 
ITS project development. It is envisioned that the Best 
Practices report will continue to be a resource for the 
Triangle and for statewide use.  

There have been some notable trends in the ITS industry 
since the Triangle region’s current ITS SDP was developed 
in 2001 and 2002. Infrastructure deployment continues to be 
a focus for state, regional, and local agencies, but regions 
across the country are seeking ways to leverage their 
infrastructure investments through more collaborative 
regional operations strategies. Public-private partnerships, 
transportation-public safety partnerships, and transportation-
transit partnerships are becoming more prevalent in 
metropolitan areas, offering valuable lessons-learned that can 
be applied in the Triangle region. The eight case studies 
listed below were selected by the Triangle Regional ITS 
Communications Partners for research and reporting. An 
initial project list was identified and briefly summarized by the consultant team. From the initial list, the project steering 
committee selected projects for a more in-depth review and conducted follow-up interviews with operating agencies.  

 V I S I O N ,  G O A L S ,  A N D  O B J E C T I V E S  

As part of this update process, the project steering committee engaged 
in a process to establish vision, goals, and objectives that could be used 
to guide the development of the short, medium, and long term 
components of the SDP. The vision statement provides a unified 
guideline for validating future strategic decisions. Goals and objectives 
are an elaboration of the vision statement and address the environment, 
shortcomings, and needs of the region to achieve the vision. The goals 
and objectives further drove the development of projects for the 
Triangle region. The Vision, Goals, and Objectives development 
process included the review of the planning documents and mission 
statements from the Triangle Regional ITS Communications Partners to 
find common elements in effort to forge a regional consensus. 

 C A S E  S T U D I E S   
 Washington State DOT Gray Notebook and Performance Monitoring Program  Georgia NaviGAtor Ramp Metering System 
 South Carolina DOT Statewide Maintenance Program  Florida DOT Statewide and Regional ITS Planning Guidelines 
 Minneapolis I-394 Integrated Corridor Management and Urban Partnership Agreement  Seattle Active Traffic Management 
 Metropolitan Transportation Commission TravInfo® Real-Time Traffic Database  Albuquerque, NM Regional ITS Architecture 

 V I S I O N   

The proactive use of technology and system operation and management to support a multi-modal system that provides 
safe, efficient, reliable, and convenient transportation for people and goods while increasing mobility, enhancing economic 
development, and improving our region’s quality of life in an environmentally sustainable manner. 
 
   Goal 1.  Advance safe and efficient movement of people and goods throughout the region. 
   Goal 2.  Improve reliability of transportation systems throughout the region. 
   Goal 3.  Enhance mobility choices through accurate, timely, and convenient information. 

Gantry Concept for Seattle Active Traffic Management
 

Source: Moving Washington: Capacity, Efficiency, Demand; 
presentation to SEMCOG, Detroit, MI, August 2008 
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 G A P  A S S E S S M E N T  

The Gap Assessment is the third step in the development 
of the revised Triangle Regional ITS SDP. As identified in 
the Vision, Goals, and Objectives Report (2010), there are 
14 objectives supporting the three broad ITS goals for the 
region. With the vision, goals, and objectives for the 
Triangle region established, the next step included an 
assessment of the current status of ITS for the region. This 
involved an evaluation of the current deployments and a 
designation of a regional target. The gap then was 
quantified as the difference between these two. For 
highway projects, each of the objectives, inventories, and 
regional targets is evaluated on a network that is based on 
the federal functional classification that includes 
interstates, freeways, and expressways. For transit 
applications, each evaluation is based on a network that is 
defined as the actual transit routes where service is 
provided.  

Two types of gaps are considered – technological and 
geographical. Technological gaps are present when the 
infrastructure base is lacking, or the desired technology is 
not currently being used in the Triangle region. For 
example, the technological gap for closed circuit television 
(CCTV) cameras in the Triangle region is identified as 
minimal since there is a foundational infrastructure of 
CCTV cameras in operation. Geographical gaps are 
present when the ITS equipment covers less physical area 
than is desired. For example, transit vehicle tracking has a 
moderate geographic gap due to the number of agencies 
that need to expand the deployment to additional vehicles.  

 R E G I O N A L  I T S  A R C H I T E C T U R E  

The Triangle Regional ITS Architecture is a comprehensive blueprint for the integration and implementation of ITS over the 
next 25 years. The Regional ITS Architecture identifies which 
systems within the region currently or will interface. Based on the 
existing and future needs within the state, the Architecture document 
steps the users through a process of identifying existing and future 
deployment opportunities throughout the region. The opportunities 
are identified by reviewing regional planning documents, regional 
and statewide TIP project lists, and through stakeholder discussions.  

The Triangle Regional ITS Architecture has been developed based on 
the current version of the National ITS Architecture (Version 6.1), 

and conforms to FHWA Final Rule/FTA Policy (23 CFR 940). The Regional ITS Architecture is comprised of a Turbo 
Architecture database and a Regional ITS Architecture document. A Turbo Architecture Procedures Manual also is provided 
to guide the development and maintenance of all components of the Regional ITS Architecture. 

The inclusion of project architectures within the Turbo Database makes this SDP unlike most other architectures. The data 
included with these project architectures include capital costs for each project and connections to the associated stakeholders 
and inventory components specific to each project. Based on the project evaluation approach applied in the SDP 
development, each project also is designated as either short term, medium term, or long term.  

The architecture document is presented in two segments: the main document and a grouping of appendices. The main portion 
of the document contains the overview, background, and general ITS architecture information to comply with federal 
requirements. The appendices contain the more fluid components of the Regional ITS Architecture for an easier approach to 
maintenance. Most of the appendices are generated directly from the Turbo Database and can be easily replaced as 
components change in the region.  

 O B J E C T I V E S   
1.1 Clear 90% of incidents in 60 minutes or less on the principle 

arterial network 
1.2 Reduce the number of crashes per 100 million vehicle miles by 

10% over a three-year floating average on the principle arterial 
network 

1.3 Decrease secondary incidents by 10% on the principle arterial 
network 

2.1 Report all construction and maintenance activities to the TMC in 
advance of start date on the principle arterial network 

2.2 Report all planned special events with manual traffic control, 
attendance greater than 10,000, or requiring road closures to the 
TMC in advance of start date on the principle arterial network 

2.3 Provide assistance to 90% of disabled vehicles on roadways 
designated on the network within 15 minutes (the principle 
arterial network) 

2.4 Provide 85% on-time performance for public transportation on 
closed networks 

2.5 Increase travel time reliability by 2% per year to improve network 
performance for all users on the principle arterial network 

3.1 Increase person throughput on the principle arterial network and 
transit networks by 10% during peak periods  

3.2 Integrate travel information from all public agencies into a single 
source 

3.3 Post incident information to a single source in less than 10 
minutes of incident notification on the principle arterial network 

3.4 Make available real-time transit arrival times on 90% of the 
transit network 

3.5 Provide traveler information through no less than three clicks or 
voice commands 

3.6 Nationally accepted data quality standards as outlined in the 
“Data Processing Procedures and Quality Control” document 

 I N N O V A T I O N S   
  Project Level Architectures that include capital cost, 

time frames, descriptions, locations, etc 
  Statewide Turbo Database Template 
  Guidelines for Developing Regional Architectures 
  Dynamic Portions of Document Isolated in Appendices 
  Turbo Procedures Manual 
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 C O S T  E S T I M A T E  

The cost estimate report and accompanying spreadsheet provide capital costs, annual operations and maintenance costs, and 
expected lifecycles for specific ITS elements. These costs are assembled to allow users to establish project level costs for 
utilization in an ITS Deployment Analysis System (IDAS) based benefit-cost assessment, inclusion in the Turbo Architecture 
database, and for project cost reporting in the SDP. Not only is the data available for use in the Triangle region, but it is based 
on statewide and national data so it can be applied to other regions of the state. 

The cost estimate spreadsheet does not consider other soft costs that are not tied to a specific construction element, but 
nonetheless, are part of an overall project. When considering costs for ITS elements and projects over an uncertain 
timeframe, it is important also to 
consider and account for an inflation rate 
and discount rate. In this context, the 
inflation rate refers to an annual rate of 
change (increase or decrease) in the 
purchase price of a good or service. This 
is important because the costs presented 
in the spreadsheet are based on 2009 
dollars. The inflation rate calculated for 
use in NC is 3%.  

 

 S Y S T E M  R E P L A C E M E N T  

It is important to acknowledge the need for well funded operations and 
maintenance programs to accompany regional and statewide ITS 
deployments. In a perfect world, ITS deployments would be installed and 
would perform their desired functions endlessly with proper maintenance. 
However, that is rarely the case and often the replacement is not dictated 
simply by device malfunction. ITS components may require replacement for 
a number of planned or unplanned reasons. The SDP includes a presentation 
of guidance documentation related to the average life expectancy for ITS 
components and an approach for replacement of these components.  

The end of the useful life for most roadside devices, in-road devices, and 
communication equipment most likely will be signaled by a major 
malfunction and/or a repair cost that is a substantial percentage of the cost 
that would be incurred to replace the unit. Computer equipment tends to 
experience a shorter useful life, usually due to the obsolescence of the 
operating system that was originally installed and the rapidly growing 
computer memory and storage needs that new software applications tend to 
require. Additionally, software can become obsolete as vendors drop 
support for the original version and begin marketing significantly upgraded 
or next generation versions. 

For transit agencies, the approach for system replacements can be divided into two categories: in-vehicle equipment and 
central systems. In-vehicle equipment (such as automated voice annunciation systems (AVA), automated passenger counters 
(APC), and closed circuit television (CCTV) cameras, etc.) is typically installed as new busses enter the fleet and thus the 
component’s life-cycle is tied to the bus itself. More advanced operation systems (such as automatic vehicle locations 
systems (AVL) with arrival prediction) typically rely on real-time data communications and multiple independent systems on 

Generalized View of Replacement 
Break-Even Point 

 
Source: Guidelines for Transportation 

Management Systems Maintenance Concept 
and Plans 

 I T S  C O S T  D A T A  S O U R C E S   
  Project bid tabs for NCDOT construction projects from January 2003 to June 2008 
  ITS Cost Database, maintained by US DOT (http://www.itscosts.its.dot.gov/) 
  Inventory of regional transit-related technologies compiled by ITRE 
  2007-2012 plan for regional transit-related technologies compiled by ITRE 
  Informal conversations with product vendors 
  Estimates of annual operations and maintenance costs from NCDOT Division 5 
  2009 budget for SCDOT ITS Maintenance (provided during the Best Practices task) 

Item Unit Capital Cost
(2009 $)

Annual O&M Cost
(2009 $)

Lifecycle
(yrs)

Total Lifecycle Cost
(2009 $)

Description and Assumptions Items Included in Costs

CCTV Camera, PTZ Per Each $18,500 $1,250 12 $33,500 Closed circuit television (CCTV) camera 
with pan, tilt, zoom (PTZ) functionality 
in a dome enclosure.

Camera, enclosure, positioning 
system, pole attachment, metal pole 
and foundation, control cabinet, 

CCTV Camera, Fixed Per Each $14,000 $1,250 12 $29,000 Fixed position closed circuit television 
(CCTV) camera in a dome enclosure.

Camera, enclosure, pole attachment, 
metal pole and foundation, control 

DMS, Overhead Mount Per Each $200,000 $3,000 15 $245,000 Dynamic message sign (DMS) of a large 
size suitable for freeway speeds 
mounted on an overhead structure.

Sign, structure and foundation, control 
cabinet and foundation, controller, 
cabling



N C  I T S  S D P  U P D A T E   E X E C U T I V E  S U M M A R Y  

 

A P R I L  2 0 1 0   P A G E  6  

the vehicle. Most of these systems are replaced in five- to 
seven-year cycles with some lasting as long as 10 years. 
Most vendors of AVL systems offer service agreements 
with a variety of technical support and software upgrade 
options.  

 

 

 P R O J E C T  E V A L U A T I O N  A N D  P R I O R I T I Z A T I O N  

The Triangle Regional ITS 
Communications Partners are investing 
energy into more consistently analyzing 
the potential impacts and benefits of ITS 
deployments. For the SDP update, IDAS 
software was used for analysis and 
comparison. Additionally, stakeholders 
will continue to use IDAS in future years 
as they revise the list of prioritized 
projects. All of the previous steps in the SDP development process have been important stepping stones in generating a 
prioritized project list that can guide the Triangle Regional ITS Communications Partners in deploying the most effective ITS 
solutions.  

As part of the SDP, Project Evaluation Measures (PEM) and performance measures were clearly defined. These terms can 
sometimes be confused as their definitions related to evaluation are similar and may be used interchangeably by different 
agencies. The following descriptions define these terms as they are intended to be used throughout the Triangle Regional ITS 
SDP documents.  

 PEMs are metrics used to evaluate the merits of a project and help prioritize multiple projects during the 
development of a deployment plan.  

 Performance measures are metrics used to evaluate how a corridor or network is operating based on current or future 
infrastructure.  

 Determination of Projects 

Projects for the Triangle region are based on the region’s objectives and needs identified in the gap assessment and input 
from the Triangle Regional ITS Communications Partners. The projects are segmented into seven distinct categories to align 
with existing planning and funding structures including the Transportation Improvement Program (TIP), operations and 
maintenance funding, and transit technology funds.  

 System Preservation: These projects represent the replacement of existing deployments of field devices and 
include the year of implementation.  

 Highway Projects: These projects include freeway and arterial deployments that are typically funded by NCDOT or 
municipal projects. They also include technologies for controlling traffic flow on freeways and arterials, such as 
ramp metering and interconnected traffic signals.  

 Corridor Management: This category represents Active Traffic Management (ATM) projects, which may include 
applications such as variable speed limit (VSL), lane control signs, and hard shoulder running.  

 Transit Projects or Advanced Public Transportation Systems (APTS): The APTS projects represent all field 
device deployments and central system improvements related to improving public transportation operations in the 
region.  

 Emergency Management (EM) Projects: The majority of these projects represent freeway courtesy patrol 
expansions for the Incident Management Assistance Patrol (IMAP) program.  

 Regional Non-infrastructure Projects: This category represents projects that have regional applications and 
cannot be easily evaluated using the IDAS software.  

 Statewide Non-infrastructure Projects: This category represents projects that have statewide applications and 
cannot be easily evaluated using the IDAS software.  

 I T S  L I F E  E X P E C T A N C I E S  
  Dynamic Message Sign (DMS): 10 – 15 years 
  Closed Circuit Television (CCTV) Cameras: 10 – 15 years 
  Roadside Detection: 8 – 10 years 
  Fiber Optic Communications: 20 – 30 years 
  Central Software: 10 – 12 years 
  Transit Vehicle Equipment: with fleet replacement 
  Transit Central Systems: 5 – 10 years 

 P R O J E C T  E V A L U A T I O N  M E A S U R E S  
  Benefit / Cost Ratio: Ratio Taken from IDAS Results 
  Travel Time Reliability: Dollar Equivalent Taken from IDAS Results 
  Volume / Capacity (V/C) Ratio: Value Taken from TDM 
  System Preservation: Value assigned to System Preservation Projects 
  Emission Reductions: Tonnage Value Taken from IDAS Results 
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 Project Evalution Measures  

NCDOT, area MPOs, and transit agency partners in the Triangle region currently consider available funding sources, agency 
priorities, and project investment when determining projects to implement. NCDOT also is in the process of developing a 
new approach to project programming through the Strategic Planning Office of Transportation (SPOT). It is envisioned that 
the project evaluation approach presented in the SDP will coordinate with the strategic prioritization process developed by 
SPOT to determine an effective approach for selecting and prioritizing ITS projects. An evaluation matrix was developed for 
Triangle Regional ITS Communications Partners to use as a tool to compare projects based on specific project evaluation 
measures including IDAS results, the Triangle Regional Model (TRM), and project specific information. The matrix consists 
of five criteria used to evaluate each project.  

Within each of the categories, the projects are sorted based on their score and rank. They are then assigned a timeframe as 
defined in the Triangle Regional ITS Architecture. Projects scoring within the top tier will be classified as short term; second 
tier projects will be classified as medium term; and the lowest scoring tier projects will be classified as long term.  

 I D A S  M E T H O D O L O G Y   

IDAS is a key feature of this SDP and it provides the quantitative link between the ITS project selection and expected 
outcomes from those projects with the traditional transportation planning process. It serves to provide a transparent means of 
comparing ITS and operations projects to capacity expansion projects on several metrics. It is important to identify that three 
of the five Project Evaluation Measures are provided by the IDAS analysis. The Triangle Regional ITS Communications 
Partners have committed to this approach and the value of using IDAS as an assessment tool for planning ITS projects. Since 
the IDAS software uses the regional travel demand model, the responsibility of integrating the practice of IDAS analysis lies 
with the agency representatives that currently maintain those models.  

IDAS currently can predict costs, benefits, and impacts for more than 60 types of ITS investments in combination or 
isolation. The set of impacts evaluated by IDAS includes changes in user mobility, travel time/speed, travel-time reliability, 
fuel costs, operating costs, accident costs, emissions, and noise. The performance of selected ITS options can be viewed by 
market sector, facility type, and district. The diagram below shows how IDAS fits into the overall ITS architecture and 
planning process. As shown, the model is used to help evaluate ITS deployments or to evaluate the benefits realized from 
existing deployments.  

Projects in four of the seven categories in the Triangle region were analyzed using IDAS. The system perseveration projects 
are based on the year of implementation and the V/C ratio; and the non-infrastructure projects do not lend easily to model 
analysis since they typically are not associated with specific links. Typical applications of IDAS calculate the cost / benefit of 
deployment types for a region. For the Triangle region, each project is analyzed independently to support a prioritization of 
deployments at the project level. This parallels with the project level application of the Regional ITS Architecture and allows 
the Triangle Regional ITS Communications Partners to provide a regionally supported list of projects. 

The IDAS manual that accompanies the SDP provides guidance on the software procedures used to conduct the cost/benefit 
analysis for the Triangle Regional ITS SDP. The IDAS manual equips the statewide users with the information needed for 
future ITS deployment analyses. The manual also includes a quick reference guide for more experienced IDAS users or 
managers of agencies involved in project programming; and technical qualifications for an IDAS analyst to understand the 
application of IDAS for 
project analysis. 
Additionally, the manual 
includes requirements of a 
travel demand model in 
order for it to feed an 
IDAS analysis. This 
resource is intended to 
educate all agencies 
within NC on the 
knowledge set and data 
required to successfully 
apply IDAS for evaluating 
ITS deployments. 

IDAS in the Planning/Architecture Process 

Process

Categorize by 
Stakeholder and 
Market Package

Outputs

Market PackagesRegional ITS 
Architecture

Inputs

Stakeholder Inputs

Transportation Plans 
and Studies

Categorize and 
Prioritize Stakeholder 

Needs

Perceived Deficiencies 
and Needs

Quantify System 
Deficiencies

ITS Alternatives 

Evaluation

Evaluation Criteria

IDAS Model Runs

Identify D
esired ITS Services
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 S D P  M A I N T E N A N C E  P L A N  

Included with the SDP is a document with recommended maintenance procedures for each of the components. The purpose 
of this maintenance plan is to provide the SDP stakeholder a clear and comprehensive reporting of what resources will be 
needed to maintain the SDP and when those resources will need to be available. The document provides a brief overview of 
the approach and specific checklists for the overall SDP as well as each task. There are three types of updates addressed in 
the Maintenance Plan: 

An “administrative update” is defined as 
addressing changes and modifications to 
the SDP that have been identified since the 
previous update. The revisions should be 
made within each related component and 
communicated to the stakeholders for 
acceptance. 

An “interim update” is defined by 
providing a review and revision of specific 
components of the SDP based on their 
alignment with other planning elements 
outlined in the integration document. It is 
not intended to develop the SDP from 
scratch, but to identify progress in 
deployment since the previous revision and 
determine possible discrepancies and 
misalignments that may need revision. 

A “full update” is defined by revisiting and assessing the existing SDP from the Vision, Goals, and Objectives all the way 
through to the Project Evaluation and Prioritization document that prioritizes projects for the region. Each component of the 
SDP may require varying levels of intensity 
and focus, but the intent is to revisit each 
component and confirm that the 
comprehensive SDP aligns with 
stakeholders’ vision and goals, and that the 
plan will guide the region to deploy 
technologies that successfully improve the 
identified objectives. 

 

 

 

Timeline for Administrative Update 

Task

Regional ITS Architecture
Cost Estimate
Project Evaluation and Prioritization

3 wkTime = 0 2 wk1 wk 1 mo

Task

ITS Objectives
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 I N T E G R A T I O N  W I T H  P L A N N I N G  

The mainstream consideration of ITS projects into the transportation planning process has long been 
a goal of many in the transportation operations and planning community. As part of the SDP, an 
assessment of the current transportation planning process was undertaken through review and 
consultation with the regional planning agencies. From this, a recommended approach was 
developed to incorporate the identification and evaluation of ITS projects explicitly in the planning 
process. The developed process and methodology provides for a consistent evaluation of ITS 
approaches and ITS projects alongside capacity projects. This approach is also intended to serve as a 
model for improving the integration of ITS into the transportation planning process in other regions 
of the state where MPOs are partners in the transportation planning process as well as statewide and 
non-MPO transportation planning processes. That said, the specific focus of this approach is for 
regions of the state with MPOs and travel demand models.  

The improved integration of ITS approaches into the transportation planning processes will highlight 
the importance of planning for operations. It is hoped that our current transportation planning 
analyses, which focus on recurring congestion on the network where demand exceeds capacity, will 
be replaced with a more dynamic consideration of approaches for increasing travel time reliability, 
reduced exposure to incident based delay, better access to real time information on the conditions of 
transportation systems, and improved safety and security within our transportation networks. This 
proposed approach serves as a procedure to truly marry the vision, goals, and objectives identified 
during the Strategic Deployment Process with the strategies and tactics identified in the ITS 
Architecture which have been evaluated utilizing IDAS.  

FHWA states that “transportation planning processes are required to be organized and directed…” 
This proposed ITS integration process seeks to establish an organized and directed process that is 
continuous, comprehensive, and cooperative in nature. The figure to the left shows the key planning 
elements that were considered as part of the ITS integration process. Integration can be 
accomplished with a cyclical flow of information from multiple sources used to plan and program 
projects. The coordination and collaboration of municipal, MPO, and NCDOT professionals is vital 
to the successful planning, development, implementation, operation, and maintenance of ITS 
projects throughout the state.  

Consolidating many components, the SDP presents a reorganization of the regional and statewide 
approach to the identification, evaluation, and implementation of ITS projects. It reflects the 
extensive involvement of the Triangle Regional ITS Communications Partners and leadership of the 
Steering Committee. The SDP provides a process that integrates ITS projects into existing 
transportation planning processes that consolidate data from the regional travel demand model and 

IDAS software into a consensus based project evaluation matrix. As a final point, the components of the SDP will provide 
templates and guidance for the other regions of the state as they choose to revise their plans and deploy ITS.  

 F E D E R A L  R E Q U I R E M E N T S   

The approaches outlined are consistent with the following sections of the FHWA Register 23 CFR parts 450 and 500 and 
Federal Transit Administration (FTA) 49 CFR part 613. 
 

 23 CFR 450.104 (Subpart A) 
Intelligent transportation system (ITS) means electronics, photonics, communications, or information processing used singly 
or in combination to improve the efficiency or safety of a surface transportation system. 
 

 23 CFR 450.208 – 7(f) (Subpart B) 
(f) The statewide transportation planning process shall (to the maximum extent practicable) be consistent with the 
development of applicable regional intelligent transportation systems (ITS) architectures, as defined in 23 CFR part 940. 
 

 23 CFR 450.306 – 8(f) (Subpart C) 
(f) The metropolitan transportation planning process shall (to the maximum extent practicable) be consistent with the 
development of applicable regional intelligent transportation systems (ITS) architectures, as defined in 23 CFR part 940. 
 

 FTA 49 CFR 613.200 
The regulations in 23 CFR 450, subpart B, shall be followed in complying with the requirements of this subpart. The 
definitions in 23 CFR 450, subpart A, shall apply. 
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1. BEST PRACTICES OVERVIEW 
As the Triangle Regional Intelligent Transportation Systems (ITS) Communications Partners look to the 
future of the region’s transportation system and evaluate priorities that technology and integration may 
help address, this report will provide stakeholders with an overview of best practice programs or 
applications that may be considered as part of the Triangle Regional ITS Strategic Deployment Plan 
(SDP) Update. It is envisioned that this Best Practices document will become a reference tool 
throughout the development of the SDP. 

There have been some notable trends in the ITS industry since the Triangle region’s current ITS SDP 
was developed in 2001. Infrastructure deployment continues to be a focus for state, regional, and local 
agencies, but regions across the country are seeking ways to leverage their infrastructure investments 
through more collaborative regional operations strategies. Public-private partnerships, transportation-
public safety partnerships, and transportation-transit partnerships are becoming more prevalent in 
metropolitan areas, offering valuable lessons learned to apply to the Triangle region. 

1.1 Project Priorities 

The Triangle region has constructed a large percentage of the projects identified in the existing 
SDP developed in 2001. The Triangle region is reviewing its plan to identify new projects that 
will guide deployments. 

The Regional ITS Architecture that was developed as part of the existing SDP is based on early 
versions of the National Architecture and Turbo Architecture software. To follow changes in 
technology and ITS, the National Architecture and Turbo Architecture software have been 
updated with new systems and services to reflect the changing environment of transportation 
throughout the country. This update will align the ITS Architecture for the Triangle region with 
the new national standards. 

1.2 Process for Selecting Case Studies 

The purpose of this task is to identify innovative approaches and existing examples of ITS 
applications, projects, programs, policies, and mainstreaming and integrating of ITS into existing 
business processes. Internal consultant team brainstorming sessions were held to identify the key 
research areas around the country that are embarking on or have successfully implemented a wide 
cross-section of ITS approaches. Focus areas for the research included the following categories. 

 ITS Technology Deployment 
 ITS Region and Project Architecture Update 
 ITS Mainstreaming into the Metropolitan Planning Organization (MPO) Planning Process 
 ITS Mainstreaming 

Based on the outcomes of the brainstorming sessions, a literature search was performed to 
determine the best practices from around the country in the key areas important to the Triangle 
region. A “wash list” of the identified best practices was developed to summarize the projects and 
programs that would be the most suitable for the region in the following categories. 

 Existing ITS/Technology/Infrastructure Deployments 
 Emerging ITS/Technology/Infrastructure Deployments 
 Maintenance Process for SDP Components 
 ITS Mainstreaming into the MPO Planning Process and Transit Planning Process 
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The North Carolina Department of Transportation (NCDOT) Steering Committee ranked each 
project on the “wash list” and the results of that ranking determined the eight best practices that 
would be further researched. Specific interview questions were developed to obtain consistent 
information from each agency representative interviewed on behalf of each program or project 
identified. 

It should be noted that even if a deployment or practice was not included as one of the eight case 
studies for in-depth review, the approach or technology is still considered a best practice and may 
be referenced during the Gap Analysis or other portions of the project. The limitation to eight was 
a means of rationing limited resources during the in-depth research and documentation. Figure 1 
shows the complete process from the brainstorming of best practices through the integration into 
the Gap Analysis. 

Internal Team Brainstorming / Literature Review

Results used as reference and to inform Gap Analysis

Best Practices Report

Steering Committee Presentation

Interview / Documentation

In-Depth Research (8 Case Studies)

Wash List

 

Figure 1. Best Practices Selection and Documentation Process 

Information obtained from the case study interviews was categorized into specific sections. 

 Overview and background – This section discusses the history and timeline of the project or 
program and a general overview of the project partners (lead, partner/support, other external) 
as well as their roles and responsibilities. 

 Catalyst for the project or program – This section discusses the initial development needs 
and the role of funding in the development of the project or program (federal funds, regional 
funds, statewide funds, or earmarks). 

 Development requirements – This section discusses what foundation the project or program 
needed to have in order to be developed, including systems, data, technologies, and 
partnerships. 

 Outcomes – This section discusses the benefits, institutional and operational changes, and 
funding requirements moving forward of the project or program, as well as how it has 
influenced project programming and development in the region. 
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 Lessons learned – This section discusses what guidance NCDOT could use in its 
development of similar projects or programs. 

Supplemental information — in the form of interview notes and examples of project-specific 
forms and outputs — is provided in Appendix A. 
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2. CASE STUDY 1 – WASHINGTON STATE DEPARTMENT OF 
TRANSPORTATION GRAY NOTEBOOK AND PERFORMANCE 
MONITORING PROGRAM 

The Washington State Department of Transportation (WSDOT) has developed one of the most 
comprehensive performance monitoring programs in the United States. WSDOT details the results 
quarterly in a document that has garnered the nickname “the Gray Notebook” (GNB) due to the color of 
the report. Formally titled Measures, Markers and Mileposts, the GNB covers system and program 
performance information related to highway safety, highway maintenance, highway congestion, asset 
management, construction project progress, worker safety, and Washington 
State ferries. Measures for each topic are documented in one or more of the 
quarterly editions each year. 

2.1 Overview and Background 

The first GNB was developed for the quarter ending March 31, 2001. 
The report started with existing data, and the first edition was only 
seven pages long. It focused on work zone-related statistics and project 
status updates. As the program evolved, data from ITS elements was 
utilized and now the document is typically more than 100 pages long. 

In its current format, the GNB is broken into two sections: the Beige 
Pages and the White Pages. The Beige Pages include information on the 
delivery of projects from existing funding and special gas tax increase funding packages from 
2003 and 2005. Information presented includes status updates as well as a “watch list” of cost and 
schedule concerns. As with the entire GNB, the goal is to provide transparency to Department of 
Transportation (DOT) activities. By openly reporting on projects that are not going well in 
addition to presenting success stories, the DOT has improved its credibility and public trust of the 
agency. The White Pages constitute the bulk of the GNB and contain the regularly updated 
performance measures. Some measures are reported quarterly, while others are presented on a 
rotational basis so that they are addressed annually. 

Each quarterly issue of the GNB is now accompanied by a GNB Lite. The GNB Lite version 
contains highlights from the quarter’s GNB in a four-page summary, presented as a two-sided 
11”x17” folded handout with a “roll up” of capital project delivery information from the Beige 
Pages as a one-page insert. In addition to the GNB Lite, a Performance Dashboard is developed 
as part of the quarterly reporting and presents, in a one-page format, the current status of 
performance measurements and how the measures are trending. Figure 2 provides an example of 
the dashboard format. 
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Source: Performance Dashboard for the GNB for the quarter ending December 31, 2008 

Figure 2. Portion of WSDOT Performance Dashboard 

The GNB initially was developed for the state legislature and expanded to address voter concerns 
after the defeat of a transportation funding package by voters in 2002. The performance 
monitoring program is DOT-led. Input from the legislature, general public, and other 
transportation-related groups has shaped the development of the GNB, but the DOT is responsible 
for its quarterly preparation. Great emphasis has been placed on making the GNB understandable 
to the general public through a combination of quantitative graphs, tables, and measurements as 
well as narrative writing. This special form of reporting was developed by WSDOT and is known 
as “performance journalism.”  

The excerpt shown as Figure 3 contains several of the presentation methods used in the 
performance journalism style. As seen in the excerpt, graphs frequently are interpreted as part of 
the presentation of numerical data, especially in a case such as the one shown (for incident 
clearance times), where some of the variance documented can be attributed to a change in data 
collection procedures. The accompanying narrative clearly explains why average clearance times 
for the fourth quarter of 2008 were higher than the same period in 2007. In each section, 
highlights also are given in summary boxes. The combination of these techniques makes the GNB 
more easily understood by the public and political representatives. The key advantage of 
performance journalism is that it translates complex performance measure processes and outputs 
into a format that can be easily reported and communicated to other stakeholders and to the 
public. 
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Source: GNB Edition 32, for the quarter ending December 31, 2008 

Figure 3. WSDOT Performance Journalism Example 
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2.2 Catalyst 

Although a series of legislative mandates for data collection and analysis occurred in the 1990s, 
State Secretary of Transportation Doug MacDonald taking office in 2001 was the catalyst for the 
development of the program that is in place today. Secretary MacDonald was hired after the Blue 
Ribbon Commission on Transportation (tasked by the governor to “analyze state transportation 
needs and funding issues and propose long-term solutions”) recommended a single point of 
accountability at the state level, as well as a review of DOT administration practices and staffing 
levels.  

Secretary MacDonald came to WSDOT from the Massachusetts Water Authority and quickly 
implemented his mantra of “what gets measured, gets managed” — the first GNB was produced 
just three weeks after his arrival. The goal of the program was to provide a level of transparency 
to build the DOT’s public and legislative credibility and therefore increase support for 
transportation in the state of Washington.  

All of the data collection and analysis is performed by WSDOT staff. The range of topics covered 
by the performance monitoring program and quantity of data analyzed have evolved over time 
and necessitated additional staff resources to manage the program, but no specific funding was set 
aside to begin the program. 

2.3 Development Requirements 

The performance monitoring program began with available data and has been expanded from that 
foundation. No formal guidance was established for the program initially other than the 
determination of Secretary MacDonald to measure as many aspects of the DOT’s business as 
possible. The performance journalism presentation style also came from an evolutionary 
development process.  

Based on WSDOT’s experience establishing the program, Daniela Bremmer developed and 
presented a training class at the Operations Academy for the Center for Advanced Transportation 
Technology, an affiliate of the University of Maryland, focused on identifying potential data 
sources for performance measures and developing a performance measure foundation. That 
presentation was provided by WSDOT as supplemental information following the interview. 

2.4 Outcomes 

WSDOT has achieved its goal of increasing support for transportation in Washington. Following 
the 2002 defeat of a transportation funding package, WSDOT expanded the types of information 
included in the GNB and improved the presentation format. The resulting enhanced credibility 
and accountability of the agency has led to the following funding successes. 

 2003 State Gas Tax increase of 5 cents per gallon 
 2005 State Gas Tax increase of 9.5 cents per gallon (phased in over 3 years) 
 November 2005 public vote defeating an initiative to eliminate the 2005 increase passed by 

the Washington Legislature (53% voted not to eliminate the increase) 
 Polling data changed from 75% of voters saying they did not trust the DOT to spend tax 

dollars wisely to just 12% (meaning increased voter support) 

WSDOT reports on the progress of the individual projects funded using the 2003 and 2005 gas 
tax increases (as well as projects funded other ways) in the Beige Pages. When presenting data in 
the annual congestion reporting portion of the GNB, emphasis is placed on congestion-related 
improvements that are the result of construction projects. Quantifying and drawing attention to 
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these benefits increases support for transportation funding of similar projects. When the public 
knows how their tax dollars are being spent and what the results are of that investment, they are 
more willing to allocate additional funds to transportation. Washington has documented the 
voting records to substantiate this. For non-construction programs — like the continued operation 
of a service patrol or implementing additional ITS equipment on an existing system — the 
performance measures related to incident clearance time reductions and reduced travel times, 
among others, quantify the benefits of these efforts and provide support for continued funding. 

This performance measure publication was developed to increase trust and facilitate the public’s 
understanding of the benefits of the funded programs and projects they approve. WSDOT’s 
annual congestion report draws attention to specific projects when there is a measure with a result 
that points specifically to a project; otherwise, projects are not individually called out and the 
report is not used as a planning tool for project selection. 

2.5 Lessons Learned 

The developers of the WSDOT GNB offer valuable insight into lessons learned during the 
development of the performance monitoring program in their paper titled Performance 
Measurement at WSDOT: Overview and Lessons Learned. The following excerpt from that 
document summarizes what is perhaps the most important piece of advice WSDOT has to offer 
other agencies in the planning stages of a performance monitoring program: 

“Start small but report now — don’t delay until you have the perfect data, the right 
measurement framework or a sophisticated information technology system. WSDOT’s 100 
page GNB is published every quarter and is not automated. Pick a topic and start now.” 

In addition to this encouragement, WSDOT offered the following key lessons learned:  

 Measures invariably will change. They are and need to be dynamic to respond to changing 
political or fiscal environments. Performance measurement is an iterative process. Don’t be 
afraid to try something new. 

 Quality control of data and writing needs to become a religion. Apply strict standards of 
quality control involving all levels of management. Your data and analysis is your credibility. 

In the evolution of the performance monitoring program, WSDOT has encountered numerous 
challenges, including the following:  

 The sheer volume of projects and programs to report complicates the process and has led to 
the rotation of topics each quarter.  

 Because the data analysis and reporting are performed manually, the process is time- and 
resource-intensive, and quality control is difficult. Efforts are underway to address some of 
the technology issues that are complicating automation efforts, but those improvements are 
progressing slowly. 

 The performance journalism style is only conducive to partial automation.  

All of these challenges contribute to a stressful work environment that requires a specialized skill 
set. As a result, WSDOT has had problems with high turnover. Some of the issues will be 
improved as technology plays a larger role in the program, but WSDOT is not letting these 
challenges impede its progress as the agency views them to be just part of the evolutionary 
process. 
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3. CASE STUDY 2 – GEORGIA NAVIGATOR RAMP METERING 
SYSTEM 

The Georgia Department of Transportation (GDOT) has been actively expanding its ramp metering 
program in the Atlanta metro area (grown from five to 165 ramp meters to date). GDOT has been 
conducting both AM and PM peak studies and early results have shown significant improvements, 
ranging from 14% to 39% travel time savings, for trip times on key corridor segments as a result of the 
improved flow. This case study discusses GDOT’s ramp metering program, including some of the 
improvements measured. 

3.1 Overview and Background 

In the early 1990s, Atlanta and the surrounding region were selected as 
the host for the 1996 Summer Olympic Games. Transportation officials 
knew they would need to address the growing congestion issues that 
would be exacerbated by Olympic traffic. The city’s record population 
growth continued and traffic congestion increased substantially.  

GDOT had been studying the success of ramp metering implementations 
in other regions. As a pilot test in 1996 to measure the effectiveness of 
ramp meters on freeway congestion, GDOT implemented a few ramp meters along the heavily 
traveled I-75 corridor and along I-75/I-85 through downtown Atlanta. The deployments were a 
GDOT initiative led by the Office of Traffic Operations, although there was some coordination 
with local jurisdictions. Additionally, the Offices of Communications and ITS Maintenance were 
heavily involved (and continue their involvement to date). The results of the initial ramp metering 
implementation were positive. Over the next few years, additional ramp meters were deployed 
and the program continued to expand. 

3.2 Catalyst 

GDOT’s 2004 accident data showed approximately 9.5% of Atlanta’s traffic accidents on major 
freeway corridors occurred at entrance ramps. In 2004, the governor introduced his Fast Forward 
Congestion Relief program specifically aimed at alleviating congestion on the region’s 
interstates. Fast Forward is a comprehensive six-year, $15.5 billion program to alleviate 
congestion and encourage economic growth through the acceleration of existing projects. 

This program provided the necessary funding to support 
the growth of the ramp meter program. Initially, the ramp 
metering program was developed to instrument as many as 
138 Atlanta area interstate entrances by mid 2009. Largely 
because of its early success, the plan has been expanded to 
include 165 meter locations by mid 2009.  

The funding for the ramp metering program included GARVEE (Grant Anticipation 
Revenue Vehicle) bonds, General Obligation bonds, and Guaranteed Revenue bonds. 
Federal funds also were made available for the project.  

3.3 Development Requirements 

In order to develop a sound strategy and design, it was important to GDOT to have access to 
accurate and reliable data. After the initial test/pilot meters were deployed and GDOT decided to 
move forward with implementing additional ramp meters, detailed studies were performed to 
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determine additional areas of concern. GDOT used consultants to perform independent 
evaluations of the area using congestion data from the NaviGAtor ITS system and then prepare 
detailed designs for the construction of the ramp meters. Using volume and 
speed data from the NaviGAtor video detection system, a GDOT-retained 
consultant developed timing plans for each meter. 

3.4 Outcomes 

GDOT typically measures the operations of its interstate system using several indicators, the most 
common of which is Travel Time Index or TTI. TTI is the ratio of peak travel time to free flow 
travel time for a given road segment. For example, if under free flow conditions, it takes 10 
minutes to travel from Exit 1 to Exit 10, and on a congested day, it takes 20 minutes to make the 
same journey, there is a TTI of 2 for that segment on that day and time. GDOT also uses Average 
Travel Time to assess how well the interstate traffic is flowing. 

GDOT has observed reduced congestion levels since the widespread ramp meter deployment. 
However, because this program is still relatively new, the final measure of results is not 
formalized. GDOT is planning to undertake and complete a formal study to document results. 
Early analysis (not formalized) is presented in Table 1 for one of the worst corridors 
instrumented in the ramp meter program. The early results were obtained using travel time runs to 
compare before and after times for a specified segment. Results for other corridors show similar 
improvements to those shown in Table 1. 

 

Table 1. Travel Time Run Results for Sample Corridor 

Run 
# of 

Runs 
BEFORE 

(secs) 
# of 

Runs 
AFTER 
(secs) 

% 
Change Summary Gauge 

Monday Car 1 7 562.3 10 394.7 29.8%   
Monday Car 2 10 480.1 7 325 32.3%   
Monday Average  521.2  359.85 31.0% 31.0% Better 
                
Tuesday Car 1 11 369.9 9 439.1 -18.7%   
Tuesday Car 2 9 465 8 384.4 17.3%   
Tuesday Average  417.5  411.75 1.4% 1.4% Better 
                
Wednesday Car 1 4 567 14 328.5 42.1%   
Wednesday Car 2 8 552.4 9 342.9 37.9%   
Wednesday Average  559.7  335.7 40.0% 40.0% Better 
                
Thurs Car 1 10 487.7 8 418 14.3%   
Thurs Car 2 8 405.9 6 398.2 1.9%   
Thursday Average  446.8  408.1 8.7% 8.7% Better 
                
Friday Car 1 9 438.1 8 384.3 12.3%   
Friday Car 2 7 413.9 8 264.5 36.1%   
Friday Average  426  324.4 23.8% 23.8% Better 
                

Weekly Average  474.23 
(7.9 min)  367.96 

(6.1 min) 22.4% 22.4% Better 
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3.5 Lessons Learned 

GDOT has provided a summary of its experiences and key findings regarding implementation of 
the ramp meter program. 

 Always begin with the worst corridor. The worse the problem is, the more dramatic the results 
are, and the easier it is to show the improvements to the motoring public. 

 Start with an easy ramp first (one with lots of storage, manageable volume, and that is non-
controversial) to minimize potentially negative impacts to public perception of ramp metering 
if substantial changes are experienced.  

 If a ramp has a volume beyond what a meter typically can handle, do not deploy a ramp 
meter. A ramp meter in these conditions will only exacerbate the problem and is controversial 
to the public and the media. 

 “Spot metering” does not work. It is ineffective to pick and choose ramps to meter. The most 
effective way to implement ramp metering is to select an entire corridor and then eliminate 
one or two locations if the volume of the existing conditions on the ramp is too high. 

 Public outreach and a detailed communications/public awareness strategy are vital. GDOT’s 
Office of Traffic Operations engaged the GDOT Office of Communications very early in the 
process to help with public outreach. Representatives from the two offices met frequently to 
develop and implement the outreach strategy. GDOT enjoys a very good relationship with 
local media and has been successful leveraging this relationship. The media helped educate 
the public prior to activation and was instrumental in publicly celebrating the resulting 
successes. The outreach campaign consisted of a combination of: 

 Paid media advertising on the radio 
 Ready-made news stories provided to radio, print, and television outlets 
 Speaking engagements at civic organization meetings such as Rotary and Kiwanis 

Clubs 
 Website updates and alerts 
 Periodic communications (via email and in person) to area businesses to update their 

employees of upcoming changes 
 “Free” radio and TV advertising through the local “celebrity” traffic reporters 

 Caltrans has developed a comprehensive Design Guide for Ramp Meters. It can be accessed at 
http://www.dot.ca.gov/hq/traffops/systemops/ramp_meter/ 
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4. CASE STUDY 3 – SOUTH CAROLINA DEPARTMENT OF 
TRANSPORTATION STATEWIDE ITS MAINTENANCE PROGRAM 

The South Carolina Department of Transportation (SCDOT) has developed a statewide ITS 
maintenance program based on a common-sense approach: “make sure the devices you have work.” 
This case study was developed based on a May 2009 interview with ITS Coordinator Dan Campbell and 
information provided in a 2007 technical presentation. 

4.1 Overview and Background 

SCDOT currently has a significant investment in ITS throughout the state. They detect and 
monitor traffic using 305 closed-circuit television (CCTV) cameras and 310 radar detectors. This 
information is processed at five transportation management centers (TMC) using 300 miles of 
fiber optic cable and 16 stand-alone hub consolidation buildings. The information is distributed to 
the traveling public using 157 dynamic message signs (DMS), of which 64 are permanent 
installations and 96 are portable, and 36 highway advisory radio (HAR) systems. Figure 4 shows 
the South Carolina statewide ITS deployments. 

The maintenance of this statewide ITS deployment and associated communications is the 
responsibility of a single group within SCDOT. This group consists of a field services manager 
and seven field technicians. They receive assistance from nine specialty contractors when needed 
using on-call contracting mechanisms. This group performs reactionary and preventative 
maintenance, and also stores documentation. Reactionary maintenance is work to correct 
equipment malfunctions, structural damage, and communication cable cuts. Preventative 
maintenance is work to inspect and test equipment, clean cabinets and filters, check electrical 
grounding conditions, trim trees, and inspect communication cable condition and presence of 
delineator markers. The documentation maintained by the group includes the geographic location 
of each device, the allocation of fiber, and construction as-built drawings. The group also will 
coordinate utility locates. Currently, preventative maintenance is performed quarterly at each ITS 
device and annually on the entire communications network. Also, a $1 million inventory of spare 
parts is centrally maintained and tracked. 
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Figure 4. SCDOT Statewide ITS Deployments (as of 2007) 
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4.2 Catalyst 

Originally, the maintenance of ITS devices was part of the statewide traffic signals maintenance 
program for SCDOT. As the number of devices grew and the equipment and communications 
became more complex, a separate statewide program for ITS maintenance was developed. It is 
assumed that all maintenance programs within SCDOT are paid for using annual state funds. The 
program was spearheaded by Mr. Campbell based on the need and opportunity for organizing the 
maintenance program. Mr. Campbell’s vision for the program and the devotion to growing the 
program has helped develop the system that exists today. 

4.3 Development Requirements 

The major points of emphasis in the program are the development of highly trained and skilled 
technicians, the commitment to preventative maintenance, and regular monitoring of the devices’ 
performance. 

Currently, all of the field technicians in the ITS maintenance program have a background in ITS 
and skill sets specifically developed for the ITS devices in South Carolina. Most of the 
technicians previously worked for contractors that had installed ITS devices in the state. Two of 
the technicians also have some construction inspection responsibilities for ITS construction 
projects. The group has set up a test site along a nearby freeway to experiment with and test new 
technologies and equipment. Ultimately, it is the field technicians who decide what should be 
tested and perform the evaluation before deciding if any installations are warranted. 

Recognizing that the group occasionally may need additional or specialized help, the group also 
uses contractors when needed. Currently, the group has six to seven contractors available, each 
with a different specialty in ITS maintenance. Using technical services contracts, SCDOT pays 
for technicians at an hourly rate and pays for parts. Using on-call construction contracts, SCDOT 
has developed specific pay items for services and parts with fixed prices. These pay items cover 
all ranges and situations of ITS installations and are called for as needed. As part of these 
contracts, there is no guarantee for work or a minimum dollar amount for the contractors. In 
addition, the prices for the pay items are evaluated regularly based on input from the contractors. 

Finally, the program has developed procedures to monitor the status of ITS devices across the 
state and can report an “uptime” measure (the measure of the time a device is up and running) at 
any time. Each morning, a manager in each of the five TMC facilities checks the status of their 
ITS devices and communications. These reports are then emailed to Mr. Campbell. From these 
reports, he generates activities for the field technicians or on-call contractors. Also, the reports 
give a true measure of the percentage of ITS devices on-line at a specified time. 

The program uses an integrated software package by Siemens to track all of this information. 
Currently, the system is being upgraded and eventually will support real-time updates on device 
status from all of the TMC facilities. The upgrade also will introduce inventory functions. 

4.4 Outcomes 

The most significant outcome of the ITS maintenance program is being able to measure the status 
of all devices in the state. SCDOT consistently experiences a 95-98% uptime for all devices at 
any given time. The goal of the program is a 100% uptime, but considering the large number of 
devices in the state and their associated lifecycles, there almost always will be a period where 
some devices are undergoing repairs. This program ensures that the malfunctions are identified 
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early and repaired in a timely manner. Reasonable downtime is therefore defined as between 3-
5%. 

Another significant outcome is better documentation for budget requests to fund the program. 
Within the past couple of years, historical data has been gathered to provide detailed budget 
requests that show actual amounts spent in the previous year and realistic estimates of spending in 
the coming year. Typically, the program budgets between $2,000-$2,500 per device and $1,000 
per mile of fiber optic cable. 

Lastly, as the ITS maintenance program grows, SCDOT is experiencing improved quality in the 
installation of ITS devices. This mostly is due to having maintenance technicians actively 
involved in construction inspections, pre-deployment testing, and even the design phase of 
construction projects. 

4.5 Lessons Learned 

The following are suggestions for any agency that is developing or growing an ITS maintenance 
program. 

 Keep maintenance staff involved in all aspects of an ITS project, including design, 
installation, and operations. SCDOT has seen this result in increased quality of its statewide 
ITS deployment. The agency also has been able to perform a majority of systems integration 
work on construction projects using maintenance personnel. 

 Occasional specialized or additional help with the maintenance of ITS may be cost-effective 
for contractors to satisfy with on-call contracts utilizing hourly rates plus parts. 

 Maintenance procedures for ITS devices that do not require lane closures save time and 
money. SCDOT uses camera lowering devices for CCTV cameras since they only require one 
technician without a bucket truck to perform the service. Also, the catwalk for overhead DMS 
structures has been extended to the roadway shoulder for access by a technician using a ladder 
instead of a bucket truck. 

 Regular and frequent preventative maintenance is well worth the investment over the long 
term. SCDOT also has found that it minimizes downtime when issues do arise. 
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5. CASE STUDY 4 – FLORIDA DEPARTMENT OF TRANSPORTATION 
STATEWIDE AND REGIONAL ITS PLANNING GUIDELINES 

In 2000, the Florida Department of Transportation (FDOT) developed a Statewide ITS Strategic Plan as 
part of the compliance with the FHWA Final Rule. The Strategic Plan encompassed 10 elements, 
including the need for integration of ITS into the transportation planning process. This integration 
addressed many issues, including: 

 Incorporating ITS user services into transportation plans 
 Consistency with the National ITS Architecture 
 Role of ITS in congestion management plans (CMP) 
 Role of ITS in corridor studies 

An FDOT Statewide ITS Architecture was completed in 2004 and documents the ITS program 
deployment goals for the state. This case study will discuss the development of the ITS Planning 
Guidelines for FDOT District 1. 

The FDOT ITS Planning Guidelines identifies key roles for how MPOs should incorporate ITS into 
their planning activities, including the CMP (and how ITS can generate the data needed to support the 
CMP performance monitoring), as well as how to evaluate potential ITS technologies as part of corridor 
studies. The guidelines also establish a link between ITS and sustainability as well as ITS and air quality 
monitoring requirements. By providing MPOs with information about how ITS can benefit a wide range 
of transportation system planning requirements, ITS potentially can be leveraged with other project 
development efforts. 

5.1 Overview and Background 

In addition to the FDOT Statewide ITS Architecture, companion District-level ITS Architectures 
(FDOT has seven geographic Districts) were developed. FDOT realized that implementation of 
ITS elements had to occur at the local level, so developing guidance for incorporating ITS into 
local planning processes was a key part of the state’s ITS implementation plan.  

FDOT District 1 responded to this need by initiating a project to develop guidelines for 
incorporating ITS into the Transportation Planning Process (TPP) for its five MPOs and one 
Transportation Planning Organization (TPO). The partners in this project were the FDOT District 
1 Office of Traffic Operations, which includes the ITS Division; the District 1 Office of Planning; 
and the Federal Highway Administration (FHWA). The project was funded through funds 
allocated for the District ITS program, and the project budget was $25,000. Staff from the Office 
of Planning managed the project. The Office of Traffic Operations and FHWA reviewed the draft 
document. After six months of development, FDOT District 1 completed the Guidelines for 
Incorporating ITS into the Transportation Planning Process in late 2004. These guidelines 
included:  

 Facilitation of MPO ITS Subcommittee 
 Development of MPO ITS Goals and Objectives 
 Development of an ITS Element of MPO Plans 
 Coordination with CMP and Concurrency Analysis 

FDOT District 1 is located in southwest Florida (shown in Figure 5). The major cities in the 
District are Naples in Collier County, Fort Myers in Lee County, Punta Gorda in Charlotte 
County, Sarasota in Sarasota County, Bradenton in Manatee County, and Lakeland in Polk 
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County. The MPOs in the District are Collier County MPO, Lee County MPO, Charlotte-Punta 
Gorda MPO, Sarasota-Manatee MPO, and Polk County TPO. (A TPO in Florida has the same 
roles and responsibilities as an MPO. There are several regions/counties in Florida that have 
chosen the name TPO because they feel it better describes their responsibilities.) 

 
Figure 5. Map of Florida DOT District 1 

5.2 Catalyst 

The catalyst for the guidelines for District 1 was the development of the Polk TPO’s Long Range 
Transportation Plan (LRTP). In 2004, the Polk TPO was in the process of developing the 2030 
LRTP for the County. The TPO determined that ITS would be an important component of the 
2030 LRTP. At the same time, FDOT District 1 was receiving requests from other MPOs in the 
area for information regarding how to include ITS in their plans. FDOT District 1 decided to 
develop guidance for MPOs for incorporating ITS into the TPP and funded the project through 
the District 1 ITS program. 

5.3 Development Requirements 

The development of the guidelines was based on feedback from the District 1 MPOs and TPO 
through a survey conducted in spring 2004. The survey asked questions about the existing LRTP 
process, the process for advancing projects to the Transportation Improvements Program (TIP), 
current practices for incorporating ITS into the planning process, and any data collected or used 
for measuring performance. (A copy of the survey questionnaire sent to the MPOs and the TPO is 
included in Appendix A.) The findings of the survey were that the MPOs and TPO all followed 
federal planning guidelines for the TPP and TIP development. The MPOs and TPO believed that 
they needed to improve the process for incorporating ITS projects, and since there was little ITS 
deployment in the District, there was no data collection for measuring performance.  
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The guidelines called for the MPOs and TPO to create an ITS element of the LRTP and TIP so 
that those activities would be incorporated automatically into the planning process. Furthermore, 
the guidelines strongly recommended that an ITS Task Force be set up as a subcommittee under 
the Technical Advisory Committee (TAC) and that the Task Force meet on a regular basis and 
provide input to the TAC.  

The development of the guidelines was conducted within the existing partnership between the 
FDOT District 1 Office of Planning and the MPOs and TPO. FHWA also participated as an 
existing partner in the planning process. 

5.4 Outcomes 

Section 6.8 of the 2030 Polk LRTP, which incorporated the recommendations of the guidelines, is 
quoted below: 

“The Florida Department of Transportation District One provided technical assistance to 
identify Intelligent Transportation System (ITS) strategies and projects that are consistent 
with state and district ITS Architecture and guidelines. The TPO formed an ITS 
Subcommittee of the Technical Advisory Committee to identify and evaluate ITS needs for 
Polk County. This subcommittee was comprised of local ITS stakeholders and included 
public and private sector representatives.” 

The ITS Subcommittee identified the following ITS strategies and projects as part of the Polk 
LRTP. 

Incident Management – Freeway/Arterial Integration 

 Candidate Project: Regional Incident Management Plan 
 Candidate Project: Construct Dynamic Route Guidance Signs 

Arterial Traffic Management 

 Candidate Project: Polk County Advanced Traffic Management System 

Advanced Transit Management 

 Candidate Project: Pilot Project for Transit Signal Priority 
 Candidate Project: Advanced Transit Management for Countywide Transit Services 

There are two measurable benefits of incorporating ITS into the Polk TPO: better coordination 
with the FDOT District 1 staff, and achieving early results of ITS implementation by having plans 
in place when money becomes available. Examples of earlier implementation are ITS devices on 
I-4 in Polk County (which are operated by FDOT District 7 out of the Tampa TMC) and devices 
planned to be deployed in 2009 on the Polk Parkway around Lakeland. 

5.5 Lessons Learned 

Having coordinated plans in place helped raise the priority of implementing a regional traffic 
signal system for Polk County. It also was easier to increase the annual amount set aside for 
Congestion Management projects from $2 million to $4 million. ITS has been identified as one of 
several eligible deployments for these Congestion Management funds, and an important 
component of addressing congestion management issues. The Congestion Management funds are 
a TPO set-aside from the total state and federal funds (mainly for statewide transportation 
improvements, but other funds are included). 
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These guidelines were developed for FDOT District 1 and define strategic methods for 
incorporating ITS into the MPO and TPO processes. These lessons learned certainly can be 
applied on a statewide basis with more centralized DOT operations, but some concession for the 
level of detail may need to be made when applying the approach to a “typical” MPO process in 
North Carolina.  

The lessons learned from this case study that can be applied to North Carolina and the Triangle 
region include:  

 Recognize that ITS deployment is important at the local level, just as it is on the statewide 
level. 

 Create a process to incorporate ITS into the existing transportation planning processes (MPO 
or centralized DOT) that will accelerate project development and funding at the local/regional 
level while at the same time increasing interest on the statewide level. 

 Create ITS Subcommittees at MPOs and facilitate regularly scheduled meetings. In Florida, 
this approach has been shown to benefit the deployment of ITS, particularly at the local level.  

 MPOs should consider developing a local set-aside of federal and state funds for Congestion 
Management projects. Having available funding for ITS projects coupled with the inclusion of 
ITS in the transportation planning process almost certainly will increase and accelerate the 
deployment of ITS projects.  
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6. CASE STUDY 5 – MINNEAPOLIS I-394 INTEGRATED CORRIDOR 
MANAGEMENT AND URBAN PARTNERSHIP AGREEMENT 

Two programs in Minnesota are anticipated to make tremendous progress in addressing congestion and 
multimodal mobility issues in the state. The Minneapolis I-394 Integrated Corridor Management (ICM) 
project and the Urban Partnership Agreement (UPA) for I-35W are both in the process of being 
developed and include strategies that utilize existing infrastructure, systems, and programs to enhance 
traffic management, increase transit ridership, reduce congestion, and support interagency cooperation. 

6.1 Overview and Background 

The Minnesota Department of Transportation (MnDOT) is in the process of implementing an 
ICM Program on I-394, a major commuter corridor serving the western side of the Minneapolis-
St. Paul (Twin Cities) metropolitan area. The major goals of the project are to: 

 Improve mobility and reliability by offering more travel options and reducing travel time 
variation across modes 

 Optimize utilization of existing corridor capacity by monitoring capacity on all modes and 
encouraging shifts that will make better use of spare capacity 

 Minimize the impact of incidents in the corridor through improved travel information and 
early notification to implement management actions, such as traffic diversion 

 Provide holistic travel information so that travelers understand the full range of options on 
their trip and are informed of impending delays  

MnDOT successfully responded to the United States Department of Transportation’s (US DOT) 
solicitation for ICM Pioneer Site Programs and was selected to participate in the program. The 
I-394 corridor was considered a good location for a pilot program since it offered the potential to 
improve travel time reliability through coordination between different modes. A history of 
successful interagency cooperation in the Twin Cities area was useful in developing the ICM 
proposal and successfully competing for funding. Figure 6 provides a map of the I-394 ICM 
corridor including other key freeways: I-494, TH-169, and TH-100 (TH denotes “Trunk 
Highways”). A number of major arterials are included in the corridor as well. In addition to 
MnDOT, corridor roadways are owned by Hennepin County, the City of Minneapolis, and the 
City of St. Louis Park. 
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Figure 6. Map of MnDOT I-394 Corridor 

The UPA for I-35W included a series of transportation projects aimed at 
reducing congestion in the I-35W corridor. These projects included transit 
improvements, road pricing, and technology and telecommuting. Innovative 
improvements include: 

 Dynamically priced shoulder lanes 
 Addition of High-Occupancy Toll (HOT) lanes 
 Conversion of High-Occupancy Vehicle (HOV) to HOT lanes 
 Bus Rapid Transit Line accelerated 
 Construction of additional park-and-ride lots 
 Construction of additional dedicated bus lanes in the downtown area 
 Partnerships with major employers to promote flex-time and telecommuting 
 Use of additional ITS technology 

Minnesota’s UPA partnership includes MnDOT, the Metropolitan 
Council/Metro Transit, Minnesota Valley Transit Authority, University of 
Minnesota, Anoka County, Dakota County, Hennepin County, Ramsey County, City of 
Minneapolis, and transportation management organizations. The innovative partnership allows 
Minnesota to leverage federal dollars and keep project costs low while pioneering new ways to 
move traffic. Building the UPA will increase safety, move goods more efficiently, and improve 
the quality of life for motorists. 
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6.2  Catalyst 

The major catalyst for the ICM project was the unreliable travel times experienced by users of the 
corridor. This problem was especially severe during special events and major incidents. Given the 
presence of significant transportation resources in the corridor, including both alternate routes and 
transit services, ICM provided an opportunity for relief from the reliability problem. 

In December 2006, US DOT issued a notice soliciting cities to apply for Urban Partnership status 
by April 30, 2007, and promising that the selected cities with the most aggressive congestion 
relief programs would receive priority consideration for available federal discretionary funds 
(approximately $1 billion) across about a dozen programs. In August 2007, the five final urban 
partners were announced, and the Minneapolis/St. Paul area was included in that list. Minnesota 
was awarded $133.3 million through US DOT’s Urban Partnership Agreement to improve traffic 
flow to and from downtown Minneapolis. A local match of $50.2 million was secured in the 2008 
legislative session. The UPA agreement with US DOT required that the highway projects be 
operational by September 30, 2009 and most of the transit projects be completed by December 
31, 2009. 

6.3 Development Requirements 

The development process of the ICM project follows the path described in the ICM Concept of 
Operations and is heavily reliant on cooperation between various agencies, including: 

 MnDOT RTMC (Regional Transportation Management Center) – the lead agency 
 Metro Transit – the primary provider of transit service in the corridor 
 Plymouth Metrolink and SouthWest Transit – smaller transit agencies that have routes passing 

through the corridor (transit routes in the corridor are shown in Figure 7) 
 MnDOT Arterial Signals Group – responsible for providing arterial travel times and signal 

control 
 Minnesota State Patrol – primarily responsible for incident response on the ICM roadways 
 Hennepin County – provides traffic management and emergency response services 
 City of Minneapolis – provides traffic management and emergency response services  
 A, B, C Garages – a series of parking garages at the terminus of the corridor with direct 

access from the freeway 
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Figure 7. Map of MnDOT I-394 Corridor Transit Routes 

A major focus of the ICM project is to build upon current coordination efforts. These include the 
exchange of Computer Aided Dispatch (CAD) and vehicle location data, as well as real-time 
incident and traffic data between multiple transit agencies. Agencies also agree to pick up other 
agencies’ passengers. Another coordination-related activity is the use of revenue from HOT lanes 
and parking garages to fund transportation system improvements. Specific ICM project activities 
that are building upon this focus on coordination include: 

 Improved information sharing and distribution, including conversion of data from multiple 
sources into operating information and automated transfer of data between agencies. 

 Improved coordination during incidents and peak periods will include real-time modification 
of signal timings and ramp metering rates. Other operational improvements include minimum 
guidelines for operational availability and 
redundancy, transit priority treatments, and 
emergency vehicle pre-emption.  

 Promotion of cross-network route and modal 
shifts will include proactive operational 
responses to traffic shifts, incidents, and weather 
events. Staffing will be increased to modify 
signal timings, ramp meter rates, and transit 
priority parameters. More accurate and detailed 
traveler information will be a key to 
accomplishing this goal. 

The ICM project will rely largely on a series of enhancements to existing systems, technologies, 
and data. These include existing RTMC and freeway control systems (ramp meters, detectors, 
DMS, CCTV cameras, 511 phone and website systems, and media broadcast). The Metro Transit 
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System control center will rely on transit CAD and dispatch, vehicle tracking, and real-time 
system management. 

Implementing the projects outlined in the Minnesota UPA depends largely upon existing 
infrastructure and lane configuration to convert to more congestion management-related 
strategies. New build out including park-and-ride facilities and bus ramps will rely on 
coordination between multiple agencies and accelerated design and construction of new 
infrastructure. 

6.4 Outcomes 

The system has not yet reached the deployment stage, but information sharing among partner 
agencies and increased communications already has provided many benefits to partner agencies. 

6.5 Lessons Learned 

Engaging the partner agencies in the systems engineering process was challenging until 
discussion began on actual scenarios and specific actions to be taken by each agency. It was 
difficult to keep the systems engineering (ConOps and Requirements) discussions focused on 
needs and concepts because the partner agencies were most comfortable talking about 
technologies. A key lesson learned is to initiate conversations by discussing scenarios and let the 
needs and requirements of the proposed systems emerge from those scenarios. 
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7. CASE STUDY 6 – SEATTLE ACTIVE TRAFFIC MANAGEMENT 
Active Traffic Management (ATM) is a method of managing traffic by reducing congestion and 
improving traffic flow on motorways through a dense deployment of technology applications. The 
method intensively operates a facility with the objective of improving travel time reliability, enhancing 
the efficiency of the corridor, and increasing throughput and safety along the motorway. ATM is based 
on several individual new or modified operational strategies that together produce a fully managed 
corridor and optimize the existing infrastructure along the corridor. ATM also generates performance 
measures and measurable benefits of the transportation network. Currently, ATM is used in European 
countries including Denmark, Germany, the United Kingdom, and the Netherlands. Some agencies in 
the United States recently have been studying the European approach and are implementing some 
elements of ATM practice and technology to enhance their networks; however, currently, no state is 
actively implementing ATM. 

7.1 Overview and Background 

Seattle experiences a 55% non-recurring congestion rate. As shown in Figure 8, a majority of 
that congestion is due to incidents, specifically a high number of rear-end crashes. As for 
recurring traffic, 40% of recurrent congestion is due to bottlenecks. The State of Washington 
wanted to develop strategies that could relieve congestion while maintaining or increasing 
operational efficiency on heavily traveled Seattle freeways.  

 
Source: Moving Washington: Capacity, Efficiency, Demand; presentation to SEMCOG, Detroit, MI, August 2008 

Figure 8. Causes for Congestion 

The Washington Department of Transportation (WSDOT) developed 
Moving Washington, a three-part strategy to relieve congestion throughout 
the state. The three strategy elements include: adding road capacity, 
operating the system efficiently, and providing choices to help manage 
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demand. Moving Washington is essentially WSDOT’s vision and project priority list for the next 
10 years. The program includes five objectives: Mobility, Safety, Reliability, Preservation, and 
Stewardship. WSDOT is using Moving Washington as a tool and blueprint to produce results that 
the public can see.  

As part of this initiative, a number of techniques were considered from across the country as well 
as Europe. Europe is implementing several approaches, including ATM to improve strategies and 
traffic flow. Within the UK, some of the technologies used as part of an ATM deployment 
include CCTV cameras for surveillance, Automatic Number Plate Recognition (ANPR), and 
traffic flow monitoring equipment such as vehicle sensors, detection, and floating car technology. 
Additional strategies incorporate variable speed limit (VSL) signs, Emergency Refuge Areas 
(ERA), hard shoulder running, and variable message signs. Similar to the UK’s approach shown 
in Figure 9, WSDOT proposed an overhead gantry configuration to instrumenting the ATM 
corridor. The gantry includes VSL and lane-control signs over each lane, and variable message 
signs also are attached at certain locations. The gantries are placed every 800 meters along the 17-
kilometer corridor. Figure 10 is a graphical representation of the WSDOT gantry concept. 
WSDOT performed a feasibility study to assess whether European ATM applications could be 
applied to three freeway corridors in Seattle.  

 
Source: Moving Washington: Capacity, Efficiency, Demand; presentation to SEMCOG, Detroit, MI, August 2008 

Figure 9. Gantry Example on M42 in Birmingham, England 

 
Source: Moving Washington: Capacity, Efficiency, Demand; presentation to SEMCOG, Detroit, MI, August 2008 

Figure 10. Gantry Concept for WSDOT 
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The feasibility study was completed in three phases: qualitative, quantitative, and conceptual 
design and cost estimates. As a result, WSDOT decided to use a combined variable speed 
limit/lane control/queue warning system on three sections: I-5, I-90, and I-405. Ramp metering 
would be installed on these routes as well.  

Some WSDOT staff believe ramp metering is more beneficial than any other freeway 
management element that they have or could use. They estimate that, in their region, ramp meters 
delay the onset of forced flow conditions by 30 minutes and allow for recovery from forced flow 
conditions 30 minutes earlier. WSDOT anticipates that the signage and speed signs will be 
adjusted based on automated warnings to operators so they can override the operations and 
systems if necessary. The requirements for this procedure are described further in the Active 
Traffic Management Concept of Operations completed in December 2008 for WSDOT by a team 
of consultants.  

The key individuals who support ATM efforts comprise upper management within WSDOT, 
including the Secretary of WSDOT. WSDOT presented the European data to key legislative staff 
and other key political leaders, who recognized the benefits of the approach. WSDOT is 
continually trying to increase its support base. The agency is concentrating on budget writers for 
transportation bills, chairs of the House and Senate Committees, and other legislative staff 
members. WSDOT presents information to the local emergency responders to inform them of the 
different techniques and tools ATM can offer. WSDOT holds public workshops to educate and 
inform the public of the value that VSLs will bring to relieve congestion on the roadways.  

Currently, a Request for Qualifications (RFQ) has been completed and a Request for Proposals 
(RFP) is advertised for equipment purchase. Construction is estimated to begin during the 
summer of 2009. It is anticipated that implementation will occur in late 2010. The first project is 
rolled in as a module of the Freeway Management System (FMS). It is part of a large, high-
profile state project and WSDOT hopes to see a return on the investment within three to five 
years.  

7.2 Catalyst 

WSDOT’s objectives included adding capacity and improving reliability by operating more 
efficiently and providing more choices to the traveler. WSDOT wanted to achieve this by 
optimizing its return from technology investments and taking full advantage of the infrastructure 
already in place. Some of the planned improvements include: 

 Providing additional real-time traveler information 
 Clearing accident scenes more quickly 
 Coordinating and adjusting signal timing 
 Providing HOT/Express lanes as an alternative option 
 Applying advance technologies 
 Using active traffic management strategies 

Another objective was a low cost of improvement. WSDOT does not want to spend money on a 
system that will have high maintenance and operations costs. WSDOT would like to concentrate 
on strategies that provide low-cost implementation and operation. After deciding to implement 
ATM strategies in Washington, funding the operation was the next step. There will be $25 
million allocated to incorporate the proposed changes to the corridors, and the funding is 
provided by the State, the federal government, and the City of Seattle.  
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7.3 Development Requirements 

WSDOT used the data collected from the European countries using ATM. Four European 
countries have successfully implemented ATM along their roadways: Germany, the UK, 
Denmark, and the Netherlands. Europe uses ATM for the following reasons: 

 Increased throughput and safety 
 Trip reliability 
 Reduced congestion 
 Enhanced information to motorists 
 Additional capacity during periods of congestion or incidents 

Europe has been using ATM for a number of years. Some of the benefit data assembled includes: 

 Average throughput increase of 3-7% 
 Increase in overall capacity by 3-22% 
 Decrease in primary incidents by 3-30% 
 Increase in trip reliability 
 Ability to delay the onset of freeway congestion 

WSDOT presented the data to area leaders in support of implementing ATM strategies. The 
agency had invited European representatives to speak on behalf of the data and to ensure that 
ATM would provide the benefits they are seeking.  

The Lake Washington Urban Partnership — made up of WSDOT, Puget Sound Regional 
Council, and Seattle/King County — seeks to implement strategies to reduce congestion. The 
Partnership is working in part with the US DOT initiative to reduce congestion in five regions 
across the country. Seattle/King County is one of the five regions on which US DOT is 
concentrating. As part of the initiative, the Partnership is charged with reducing congestion by 
applying the “Four Ts.” They include: 

 Tolling 
 Technology and Traffic Management 
 Transit 
 Telecommuting 

WSDOT is working with local and regional jurisdictions to implement and integrate several 
planning efforts as well as pedestrian and bike access. The agency also is working to reinforce 
collaboration efforts with several transit agencies within the area to improve coordination and 
expand services.  

7.4 Outcomes 

Since WSDOT has not implemented any of the projects to date, there is no data to show the 
benefits of the strategies. However, the corridor has been modeled using the ATM strategies, and 
the benefits they expect include: 

 25-30% reduction in rear-end collisions 
 Reduction in traffic delays 
 Reduction in property damage, especially vehicle 
 Increased trip reliability 
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WSDOT hopes to see some benefits within three to five years of implementation. While speed 
harmonization due to use of variable speed limits in Europe has been demonstrated to accrue 
substantial benefits, WSDOT has only assumed safety benefits for this application due to a lack 
of widespread data on American driver adherence to VSLs. 

No institutional changes were identified as being required to implement ATM. WSDOT has a 
very progressive traffic management culture and this initiative is seen as merely an extension of 
current activities.  

From an operations standpoint, this technology will extend WSDOT’s freeway management 
toolbox. It will require new systems and, consequently, new training. However, the strategy itself 
will not represent a departure or deviation from the Department’s current operations. It is 
expected that the strategy will have to be sharpened and modified in a pilot fashion because there 
is such limited experience within the Department. 

To obtain funding for the second and third projects, WSDOT participated in a competitive 
partnership process. WSDOT will incorporate the projects into the MPO’s long range plan, the 
TIP, or the Regional Architecture. WSDOT will apply for grant funding as well as mainstream 
the ATM projects into the project process. This will open additional funding sources for which 
these projects could potentially be eligible.  

WSDOT is willing to take the lead in implementing innovative technologies. WSDOT has used 
the ATM strategies project as a means to research new and advanced technologies that will help 
improve the performance of its system.  

7.5 Lessons Learned 

For many of the most heavily congested facilities in the Triangle region, the communications 
backbone is in place to support an infrastructure-intensive deployment such as ATM. ATM 
includes adaptive ramp metering, hard shoulder running during peak periods and congested 
conditions, lane status gantries, and speed harmonization, and will require a substantial 
investment in field equipment and central software. Similarly, for elements of this strategy such 
as ramp metering, geometric analysis and outreach to municipal partners will be required.  

As mentioned above, WSDOT has not had the opportunity to implement a project using the ATM 
strategies and therefore cannot yet contribute lessons learned. After implementation of the first 
project, WSDOT hopes to have some lessons learned to apply to the remaining two projects as 
well as future projects by WSDOT or other agencies. 
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8. CASE STUDY 7 – ALBUQUERQUE, NEW MEXICO REGIONAL ITS 
ARCHITECTURE 

This case study examines the use of a regional ITS Architecture in the planning process. The subject of 
this case study is the Albuquerque, New Mexico MPO (called MRCOG – Mid-Region Council of 
Governments). The Albuquerque MPO (AMPA) performs a yearly update of its architecture to bring it 
into alignment with ITS projects that are put into the TIP. AMPA is a good example of both an MPO 
that is actively performing periodic architecture updates and an MPO that is providing a more direct 
connection between the architecture and the programming process (TIP). 

8.1 Overview and Background 

MRCOG is the lead agency that develops the regional TIP program. MRCOG works along with 
the other key public transportation agencies in the region to define a set of projects that will be 
funded for development. They have a two-year cycle for TIP updates. The current version of TIP 
Policies and Procedures was adopted on October 23, 2008. To support this effort, the MPO has 
defined a set of TIP policies and procedures that: 

“…establishes the process for developing the TIP for the Albuquerque Metropolitan 
Planning Area (AMPA). It provides an overview of the process and describes how each step 
of the process will be accomplished. Finally, the procedures that will be followed to revise 
the TIP after it has been adopted are also established.” 

One of the significant updates to the current Policies and Procedures document was the explicit 
incorporation of ITS and ITS Architecture into the process. The Albuquerque area has a long 
history of ITS projects (and of ITS Architecture, having been an early developer of a regional ITS 
Architecture). The previous version of the TIP Policies and Procedures had a simple Yes/No 
check box in the Project Submittal Form to indicate an ITS project. The key ITS group within the 
region is called the ITS Committee, which is organized by the MPO and includes representatives 
from New Mexico DOT (NMDOT) as well as municipal, county, and transit organizations. The 
committee meets approximately every month and reviews and approves all changes that relate to 
ITS as part of the revised TIP Policies and Procedures.  

8.2 Catalyst 

There were several catalysts for changing the programming process to better incorporate ITS and 
the ITS Architecture. The first was the recognition that very few TIP projects identified 
themselves as including ITS elements. However, upon examination, many projects not classified 
as ITS likely were ITS-related such as signal system improvements. Second, the AMPA ITS 
Architecture was updated in 2007 and, as part of that update, the connection between projects and 
regional ITS Architecture was made more explicit and much easier for stakeholders to access. 
Finally, the FHWA Division Office began stricter enforcement of Rule 940, which required an 
explicit connection between projects and the ITS Architecture. This combination of factors led 
the MPO to revise its Policies and Procedures to provide a clearer and more explicit inclusion of 
ITS and ITS Architecture in the TIP process. 

8.3 Development Requirements 

In coordination with the region’s ITS Committee, an expanded section on ITS was added to the 
most recent update of the TIP Project Form. Shown in Figure 11, a key change to this section 
was the addition of a list of common ITS project elements. (The full TIP Project Form is 
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contained in Appendix A.) Once this change occurred, a municipal agency submitting a traffic 
signal improvement project could look at the list and be more likely to correctly identify its 
project as containing ITS elements. 

 
Figure 11. ITS Section of TIP Project Form 

The second change to the form was to identify the need for a connection to the AMPA ITS 
Architecture or the New Mexico Statewide ITS Architecture, the two relevant architectures for 
the region. There is a designated contact at the MPO for the AMPA ITS Architecture, and in 
filling out this part of the form, agencies are more likely to contact that person, as well as provide 
contact information for the agency staff member responsible for answering the questions about 
how the project fits into the architecture. This provides the first check point for ITS components 
within transportation projects. Note that all TIP projects must fill out this step. For projects with 
no ITS elements, the agency indicates “No” to the first question and goes on. 

To assist project managers in answering the question about how their projects fit into the regional 
ITS Architecture, the MPO created an Architecture Addendum that provided explicit information 
about how the projects map to the architecture. In the case of the AMPA Architecture, this was 
simplified by the approach taken to develop the architecture. Although the architecture is 
captured in a Turbo Architecture database, it also has a complete set of customized, simple 
market package diagrams that show how a particular agency plans to interconnect elements to 
provide a specific transportation service (i.e., a specific market package). Figure 12 shows one of 
the approximately 290 diagrams that define the AMPA Architecture. The complete set of 
customized market packages exactly matches the Turbo Architecture database to allow either 
representation to be used to map projects to the architecture.  
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Figure 12. Example of Customized Market Package 

As part of the first update to the AMPA Architecture since the 2007 update, the MPO revised the 
maintenance process and developed a new section titled Current and 2010-2015 TIP Project 
Level ITS and Market Package Summary. The region expects to update the architecture every two 
years as part of the TIP update cycle. In this section, for each project identified as containing ITS, 
they created a row in the table shown in Figure 13. If the project had been previously identified 
in the regional ITS Architecture, they included its mapping to the appropriate market package. 
However, to make it clear that the scope of the project could evolve beyond that shown in the 
architecture, they created an additional column that contained the agency-proposed market 
packages for the project. Note that in the example given, the agency has added a market package 
(transit signal preemption) in this column. For each project listed, the agency attached the actual 
market package diagrams.  

Figure 13 shows the beginning of the table for Traffic Management, Incident Management, and 
Maintenance Operations projects. There also was a Category II table for Transit projects and a 
Category III table for Archive Data and Communications projects. Each of these tables was 
followed by the specific diagrams mapped to each project. 

 
Figure 13. Example of Market Package Map to Projects 
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The maintenance plan for the AMPA Architecture identifies the following responsibilities: 

 MPO is responsible for identifying changes to the architecture. The MPO uses the ITS 
Committee as the review mechanism for any changes that come forward during the TIP 
process (or during project development). This can be accomplished by marking up customized 
market package diagrams or creating new ones if needed. The updates require a percentage of 
a full-time staffed person at the MPO. 

 NMDOT is responsible for the update of the Turbo Architecture file to correspond to the 
changes identified. 

Regarding NMDOT projects, the MPO has a good working relationship with NMDOT in the 
AMPA and they are active partners in the development of the TIP. All NMDOT projects in the 
region are included in the TIP. Also, the project planning/development process in the region is 
determined by the NMDOT’s Location Study Procedures with State and federal oversight. These 
procedures closely mimic the National Environmental Policy Act (NEPA) process, which in itself 
is a requirement for federally funded projects. The state procedures also require a comprehensive 
level of affected stakeholder agency participation. 

8.4 Outcomes 

One of the primary outcomes of the TIP procedure changes was that projects with ITS elements 
show up far more often in the TIP. The number of projects identified with ITS jumped from six in 
the previous TIP revision to 75 in the current revision. In the previous TIP cycles, almost all of 
the projects identified with ITS elements were projects that were entirely ITS.  

Part of the increase in the number of projects with ITS resulted from MPO staff review of each of 
the project forms and calling the project managers when it was suspected the project had ITS and 
the ITS box was not checked. Some project managers reported to the MPO that they better 
understood what to look for and had an increased awareness of ITS elements in their projects. 
The form (and the corresponding regional ITS Architecture) presented project managers with a 
different perspective regarding the ITS aspects of their projects. The form encouraged project 
managers to ask questions of their staff regarding potential ITS elements. Not only were they 
asking questions, but also, as project managers became aware of the ITS in their projects, some of 
them have joined the regional ITS Committee. This second outcome of greater awareness of ITS 
and of the architecture by project managers was a key result that the MPO can build upon in 
future TIP revision cycles. 

8.5 Lessons Learned 

One of the key lessons learned from the MRCOG effort was that opportunities to mainstream ITS 
projects were being lost because project managers were not aware of how ITS elements were a 
part of their projects. By providing additional information about ITS and showing project 
managers how to make the connection between the ITS Architecture and their projects, many 
additional opportunities to insert ITS into transportation projects were realized.  

Another lesson learned was that project managers were able to identify the connection between 
projects and the architecture at each TIP cycle. By knowing which portion (or portions) of the 
architecture was being implemented by their projects, project managers were able to capture the 
information provided and begin their systems engineering analysis.  
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9. CASE STUDY 8 – METROPOLITAN TRANSPORTATION 
COMMISSION TRAVINFO® REAL-TIME TRAFFIC DATABASE 

The Metropolitan Transportation Commission (MTC), the San Francisco Bay Area’s MPO, has 
developed and continues to operate a regional real-time, multi-agency traffic database that supports 
traffic management as well as traveler information functions in the Bay Area region. Sources of data for 
the database include California Department of Transportation (Caltrans) detector stations, private sector 
data (SpeedInfo, Traffic.com), consolidated toll-tag data, and a limited amount of arterial data. Freeway 
incident data also is provided from the California Highway Patrol (CHP) through a CAD interface. This 
aggregated data is used for the traffic speed/volume display on the traveler information system, and is 
used to calculate travel times for Caltrans to post on freeway DMS. 

9.1 Overview and Background 

TravInfo® was launched by MTC in 1996 as a federally funded traveler information system field 
test. Recognizing that data is the foundation of a robust traveler information system, MTC 
initiated the development of a centralized data repository that would combine real-time freeway 
data from Caltrans and CHP, transit operators in the San Francisco area, and MTC programs 
including rideshare/carpooling and non-motorized transportation (bicycle and pedestrian). The 
database also needed to include planned event information, including freeway construction 
closures and restrictions as well as planned event data (such as special events). MTC initiated this 
project in the San Francisco Bay Area largely because no other agency had the resources or 
capabilities to do so. 

 MTC combines its data with information collected from different agencies (transit, state, and 
private) into a central system, which is used by MTC and other agencies in the San Francisco 
Bay Area. Information also is disseminated to the public through traveler information systems 
that are operated by both the public and private sectors. Private partners have access to San 
Francisco regional data through a link to the MTC system. In a unique arrangement, MTC is 
the agency responsible for calculating freeway travel times in the Bay Area; using the 
Caltrans detector data combined with other freeway data sources, MTC develops the travel 
time estimates, which are provided to Caltrans to display on the freeway DMS. Data collected 
by the TravInfo® system includes: 

 Incidents (from California Highway Patrol, Freeway Service Patrol, and video feeds 
from Caltrans) 

 Planned events, including construction and special events (from Caltrans, local 
agencies, and private partners) 

 Highway link status data (freeway detector data from Caltrans) 
 The system has been expanded to also include toll-tag data from the bridge toll systems 

(which are now operated by MTC).  
 Transit data is provided by several transit operators in the Bay Area. Most of the information 

provided for transit is not real-time, and consists of transit route, schedule, and fare 
information. A recent project to implement real-time capabilities is being conducted with the 
larger transit providers.  

 

MTC’s strategy is to combine both real-time and static information into a regional database that 
can be accessed by agencies as well as provided to the public through traveler information 
systems. By using multiple sources of data, MTC has the opportunity to verify or back-check data 
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that might be incomplete or inconsistent. Data is collected both manually and through automated 
data feeds. MTC operates a Traveler Information Center (TIC) located at the Caltrans District 4 
Traffic Management Center (TMC). The TIC is staffed 24/7 and has a CHP officer on site in the 
TMC to act as a liaison for incident information when needed. The high-level transfer and usage 
of the data is depicted in Figure 14. 

 
Source: 511 Traveler Information – What’s Behind the System?; presented by 511 MTC Project Manager Jim Macrae, 

2008 
Figure 14. Traveler Information Center Data Collection/Dissemination Diagram 

9.2 Catalyst 

The precursor to the regional traffic database in the Bay Area was a centralized transit 
information data warehouse. There were more than 20 transit operators, each with their own 
customer service centers, and technology was not yet mature enough to be able to share 
information among transit operators or with external agencies. A project in 1992 (funded with 
$2.5M in federal funds and $1.7M in local match funds) established a central repository for 
transit information and a regional transit phone number that the public could access. The project 
ultimately was expanded to include available road/freeway information in the San Francisco Bay 
Area, which at the time was limited to data from Caltrans freeway detectors. 

The project was funded by the Federal Highway Administration’s Field Operational Test (FOT) 
program in 1993. MTC was the lead agency, and funding passed through the Caltrans New 
Technology Division. The objective of the program was to collect, integrate, and broadly 
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disseminate timely and accurate multimodal traveler information through a range of products and 
services, with different prices and capabilities, to meet consumer needs. Named TravInfo®, the 
expanded field test began operation in September 1996 and was completed in September 1998. 
The test was structured around a commitment to collaborative partnerships between and among 
public and private participants. Expansion of the program has been occurring since then as new 
data sources have become available and as additional partnerships have been established in the 
region. 

9.3 Development Requirements 

The TravInfo® system relied heavily on informational databases available through partner agency 
systems. Originally, the Caltrans Traffic Operations System was going to be the main database 
for input (with detector data), but since that system was never deployed, the TravInfo® system 
was forced to operate with a small fraction of the coverage on the freeways. It also had to look to 
utilize different data collection tools such as toll systems for reliable data.  

Caltrans already had deployed loop detectors that were collecting information through the 
Caltrans Advanced Traffic Management System (ATMS). As part of data validation, only data 
that meets reasonability and consistency levels associated with valid Caltrans detectors is 
published for export to systems like TravInfo®. Typically, out of 5,000 sensors, approximately 
50% of the total data is not published. 

When the TravInfo® program began, the data that supported the system included: 

 Loop detectors 
 CCTV cameras on freeways 
 Freeway Service Patrol’s roving tow truck vehicle location data as traffic probes 

Since the field operational test, the TravInfo® system now incorporates the following data: 

 Loop detectors deployed along Caltrans freeways – collects speed, volume, and occupancy 
 Electronic Toll Tag Readers based on the anonymous use of FasTrak® toll tags 

(TrafficWatch) 
 Freeway data from private sources (SpeedInfo) – used to fill data gaps; based on Doppler 

radar 
 Historical data – used when all other data types are not functioning or calculations are not 

accurate. Traffic speeds and travel time output data is archived within the TravInfo® server 
for the prior calendar year. Data from previous calendar years is archived and stored in offline 
media. Historical detector data is incorporated into real-time calculations only when live 
detector information is not sufficient at the moment of calculation. 

The system originally did not include electronic toll tag reader information collection; this was an 
enhancement made to the system by MTC to collect more of its own data to supplement what was 
received from other agencies. 

The project helped to foster cooperative relationships among the three public agency participants: 
MTC, Caltrans, and the CHP. Previously, these agencies had not been actively involved in 
working toward a common goal through a project of this magnitude. Public-private partnerships 
also were formed through this project that had not been in place prior to TravInfo®. The common 
goal of aggregating regional data to be able to provide reliable, real-time traveler information to 
the public brought many agencies to the table in the San Francisco Bay region that had not yet 
worked together in such a collaborative fashion. 
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9.4 Outcomes 

A true sense of partnership was fostered among members of the Freeway Management Program 
Executive Committee as well as between the key public agencies in the California Bay Area 
(Caltrans, MTC, and CHP) during the development of the TravInfo® system. The benefits have 
carried over into other collaborations between public agencies and private sector companies. 
These partners were able to take what they learned as part of the TravInfo® development and 
apply it to other areas of the country. Media integration and expansion also was a key outcome of 
the TravInfo® system as it led to the development of traffic websites based on TravInfo® data and 
partnerships with public agencies to access data available through the TravInfo® database. A 
screen shot of the traveler information website for the California Bay Area is provided in Figure 
15. A long-term planning benefit of the system is the ability of planning agencies to use the traffic 
data to identify needed improvements in the transportation system. 

 
Figure 15. MTC Website Traffic Information Map 

The TravInfo® system was built on an open-architecture concept, which makes its regional 
database easily accessible to all parties (both public and private). Data that is collected as part of 
the TravInfo® system ultimately gets disseminated via 511 phone and web; provided to other 
Internet service providers through a direct data feed; and provided to the public via freeway 
changeable message signs and real-time transit departure prediction signs. MTC performs the 
travel time calculations using the various sources of freeway data and provides that information to 
Caltrans to display on the freeway message signs. Data also is shared with other information 
service providers (media, radio, others) for dissemination on their traveler information systems.  

MTC develops an annual work plan of enhancements needed to improve and enhance the regional 
database. A challenge exists in prioritizing the enhancements due to the fine line between a 
“minor fix” and an “enhancement.” Enhancements typically follow the trends of technology 
innovations and the use of that technology by the traveling public in the California Bay Area. For 
example, as mobile applications continue to become mainstreamed and readily available, the 
latest round of enhancements includes making the TravInfo® information more available via 
phone applications. 
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There was an initial focus on usage and satisfaction as important performance measurement 
criteria. Now, the focus also includes accuracy and reliability. The following criteria are 
measured under the respective categories: 

 Accuracy 
o Reported vs. actual driving times 

‐ Trips < 20 min., within 3 min. of actual time 
‐ Trips ≥ 20 min., within 20% of actual time 
‐ Requirements must be met at least 90% of the time 

o Reported vs. actual incidents and slowdowns 
o Accuracy of entered incidents vs. CHP reported incidents 
o Timeliness of incident reporting 
o SOP compliance during major incidents (post-incident audit) 

 Reliability 
o Major system failures 
o Less than 45 hours/year of failure = full award; more than 90 hours/year of failure = no 

award in this category 

Accuracy testing for data received from multiple sources is achieved through ground-truth 
verification involving MTC or contractor staff members who physically drive the corridors during 
specific times and verifying the Global Positioning System (GPS) information captured from the 
vehicle versus the system-generated data. Routine runs are performed to confirm that travel times 
displayed reflect actual driving times on the freeways. 

9.5 Lessons Learned 

MTC strives to collect ground-truth accurate data, and the TIC actively manages the quality of 
that data to ensure the best information is being shared with the public. Construction data 
accuracy also is a challenge, largely because it relies on external agencies to keep their planned 
construction information up to date. 

From the transit perspective, partnerships with transit agencies and building the support for a 
multimodal information service have been critical to the ongoing expansion and enhancement of 
the regional system. The sheer number of transit agencies in the area (40+) makes it difficult to 
maintain consistency in data collected from those agencies. Transit agencies often are focused on 
keeping their operations running smoothly, so first priorities are for their operations needs, and 
notifications to external agencies may take a lower priority. 

Some key lessons learned are discussed below. 

 Build partners and give credit to those partners. Not all agencies understand the end value of 
a system like MTC’s. Building partners through demonstrations is sometimes needed before a 
partnership can truly begin. It may take one agency to dive in without support to initiate a 
program like this. 

 Build in emergency provisions early to support incident/scenario information. During 
incidents/emergencies, quick information access is key to providing emergency information to 
the public. MTC learned this lesson when a bridge collapsed and the information that was 
needed for that incident was not in one consolidated location. An emergency menu tree and 
“floodgate” message were quickly developed, but it would have been better to already have 
those provisions in place. 
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 Carefully think through your commitments to the public—accuracy, reliability, and time 
savings—before developing anything. The public wants to receive the exact information that 
will help them, but that cannot be promised. Data used to calculate travel times, speeds, and 
other publicly disseminated information is not always available, so assumptions need to be 
made to provide that information. Traveler information is intended to help the traveler adapt 
and progress through congestion, not eliminate congestion. 

 Collection of information needs to be strategically planned. Try to define links for travel 
time or incident reporting segments as closely as possible to traffic on-ramps and off-ramps, 
not overpass to overpass. This will help in relaying accurate information to the traveler across 
segments. To calculate accurate travel times, place readers/detection where there are known 
changes in traffic behavior (choke points, release points).  

 Recognize amount of effort required for performance monitoring. MTC strives to imitate 
the “user perspective” of the traveler information system using ground-truth travel time runs. 
This requires many hours of effort per month. The benefit of collecting the performance 
measurement data needs to exceed the cost of doing the measuring. In MTC’s case, it does, 
but it is a factor that needs to be considered. Performance data needs to be collected in such a 
way that the results can answer simple questions such as “How is the program doing?” A 
performance monitoring plan would be beneficial for a new area collecting ground-truth data 
to verify the accuracy of the data provided on the traveler information service to the public. 
Also, when developing performance measures, try to keep the variables constant (time of day, 
weather, no significant events, same roadway). 



Triangle ITS Communications Partners 
 

ITS Strategic Deployment Plan Update  Final Best Practices Report 
Triangle Region A-40 March 2010 

10. SUMMARY 
This Best Practices report was developed to address the Triangle Communications Partners’ interest in a 
national view of ITS technologies, architecture development and maintenance, integration of ITS 
projects into the planning process, and maintenance activities associated with other components of an 
SDP. The document will serve as a reference tool throughout the development of the SDP, but will not 
limit the best practices that are referenced in the Gap Assessment and other portions of the project. This 
document is intended to provide a greater level of detail regarding the subject areas that are most 
applicable to future deployments in the Triangle region. 

The following is an overview of key lessons learned collected from the case studies in this report that 
are important to bring forward into later stages of this project. 

 Public education and outreach is an important component of project development. A clear 
communication of benefits to the public will increase the likelihood of project support and approval.  

 Increased education concerning new technologies and policies also increases the potential for a 
project’s success.  

 Partnering with multiple agencies, including media and the private sector, can expand the 
availability of resources during an outreach effort. 

 Analyze alternative approaches for contracting personnel and services to support ITS needs 
including operations, maintenance, management, and data collection. 

 Involve policy makers, such as boards and commissions, in the development of new programs. 
Their support and buy-in will guide future funding opportunities for expansion and enhancements to 
the program. 

 Coordination between multiple public agencies and potential public-private partnerships will 
improve consistency in addressing and achieving the regional goals and objectives. Improved 
coordination will enhance the participating agencies’ understanding of each other’s processes, 
resulting in a solution that addresses the needs of all stakeholders. 

 When attempting to implement performance measures, begin with what you can measure. Do not 
wait for the perfect data.  

 Develop comprehensive maintenance and operations plans for each project as part of the project 
programming process so adequate funding and resources are identified. 

 Build deployments on the foundation of proven practices within the region. Once a long-term 
regional goal is established, develop the program in manageable and maintainable increments. 
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1. VISION, GOALS, AND OBJECTIVES OVERVIEW 
The Triangle Region ITS Strategic Deployment Plan Update focuses on the use of technology and 
systems management to help address the region’s current and forecast transportation system safety and 
mobility needs. As part of this process, the project Steering Committee has engaged in an effort to 
establish the vision, goals, and objectives. These will be used to develop and guide the strategies and 
tactics to outline the short- and long-term components of the Strategic Deployment Plan (SDP).  

The vision statement provides a unified guideline for validating future strategic decisions. Goals and 
objectives address the environment, shortcomings, and needs of the region to achieve the vision. The 
goals and objectives also are the framework for strategies and tactics. Goals are broader and more 
abstract than objectives, but they segment the vision into more manageable and tangible statements. The 
precision of the objectives provides a means of measuring and accomplishing each goal. The objectives 
are further segmented into different strategies and tactics that are needed to develop specific projects 
within the SDP. Figure 1 presents a graphical representation of the relationship between the 
components of a vision.  

 

Figure 1. Vision Diagram 
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1.1 Basis for the Vision, Goals, and Objectives Development 

The Triangle ITS Communications Partners are addressing their interest of the overall project by 
recognizing the needs of the region and the overwhelming desire to update the Strategic 
Deployment Plan with current and relevant projects.   

This effort has been built upon a scan of the vision, goals, and objectives contained in the 
planning and guidance documents maintained by the agencies represented by the Triangle 
Communications Partners. The scan was followed by several sessions with the partners to hone 
the themes and concepts into a cohesive vision with meaningful goals and measurable objectives.  

1.2 Foundational Step in the ITS Strategic Deployment Plan 

Once the vision, goals, and objectives have been finalized by the Steering Committee and the full 
committee of stakeholders, they will serve as the foundation for the gap assessment. The gap 
assessment will highlight the technological and geographic needs to address the regional 
objectives. The needs will be refined into strategies, which will become the stepping stones to 
projects for the region. 
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2. PROCESS 
The Triangle Region ITS Strategic Deployment Plan Update involves many stakeholders from several 
agencies. Each agency has established visions, goals, and objectives that are focused on their mission. 
As a regional project, the different visions, goals, and objectives need to be sculpted into one effort 
targeting technological solutions. It is important for the vision, goals, and objectives to be flexible 
enough to encompass the needs of all the agencies represented. The initial statements for the vision, 
goals, and objectives were developed by combining insights from several sources. Figure 2 presents an 
overview of the process followed during the development of the vision, goals, and objectives. It begins 
with the review of agency documentation, and continues through integration with the gap analysis.  

 

Document Review

Objectives Development

Steering Committee Presentation

Goals Development

Vision Development

Internal Team Brainstorming 

Alignment of Terminology/ Commonly Used Languages

Vision, Goal, Objective Report

Results used as reference and to inform Gap Analysis
 

 
Figure 2. Vision, Goals, and Objectives Development Process 
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2.1 Documents Referenced 

Various documents were referenced to develop the vision goals and objectives. These include the 
Long Range Transportation Plans (LRTP) from the area Metropolitan Planning Organizations 
(MPO), the North Carolina Department of Transportation (NCDOT) 2008 Annual Performance 
Report, the Federal Highways Administration (FHWA) Strategic Plan, and several of the regional 
transit agencies’ mission documents. Each of the documents addressed the individual agency’s 
vision statement, goals, and objectives.  

2.2 Process Used 

To begin the process of creating a regional SDP, key terminology had to be identified. Once the 
key terminology was identified, common phrases were compiled. Common terminology was 
defined as terminology used at least twice by different agencies or in different documents. 
Several key terms were then used to develop the vision and goals statements. All of the sources 
referenced are listed in the Bibliography.  

After aligning the terminology between the stakeholder agency resources, the draft vision, goals, 
and objectives were established. The scope of the project and Steering Committee feedback 
helped finalize each statement to align with the overall goal of the project.  

2.2.1 Vision 

There were 23 identified themes throughout the documents submitted by the stakeholder 
agencies. Many of them were used once but several were used more than four times. Table 
1 identifies the phrases common throughout the documents that were provided. The most 
commonly used phrases in the provided vision statements include: 

 Safety 
 Mobility 
 Growth/economic development 
 Environmental sensitivity 
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Table 1. Common Themes – Vision Development 

Common Themes Occurrences 
connecting people 4 
connecting places 4 
safety 10 
efficiency 4 
accountability 2 
environmental sensitivity 5 
multi-modal 2 
growth/economic development 5 
improves quality of life 4 
sustainability 4 
mobility 7 
convenient 4 
affordable 3 
supports local land use 2 
social interaction (cultural 
resources/social system) 4 

informative 1 

innovative 1 
reliable 4 
reduces congestion/energy use 1 
saves money 2 
accessible 3 
clean 1 
responsive 1 

 
A brainstorming session was held to develop a draft vision statement. The draft vision 
statement includes the four most commonly used terms along with additional phrasing. The 
vision statement was presented to the Steering Committee for comment. After comments 
were received and incorporated, an updated statement was submitted to the Steering 
Committee for finalization. Section 3.1 includes the approved vision statement. 

2.2.2 Goals 

There were 34 themes identified throughout the reviewed documents. Few themes were 
used once but most were used in at least two sources as most of the agencies have 
developed similar goals. Table 2 summarizes the phrases that were common across the 
goals listed in the agency documents. For more detail, Appendix A references all of the 
goals identified from the sources provided. The most commonly used phrases for the goals 
include: 
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 Efficient infrastructure 
 Increase mobility 
 Improve reliability 
 User satisfaction 

Table 2. Common Themes – Goal Development 

Common Themes Occurrences 
safer road network 3 
move people and goods 2 
efficient infrastructure 6 
user satisfaction 5 
reduce impact 2 
provide alternatives 5 
improve reliability 3 
increase mobility 5 
reduce injuries and property damage 1 
performance measures 1 
employee satisfaction 1 

 
Preliminary goals were developed based on the various documents provided and were 
drafted during a brainstorming session. The draft goals were then presented to the Steering 
Committee. The Steering Committee took into account the revised vision statement as they 
reviewed the draft goals. After careful consideration, they confirmed three goals, which 
were sent out to the Triangle Regional Stakeholders for comments and confirmation. The 
final goals are presented in Section 3.2. 

2.2.3 Objectives 

Once the goals were finalized, a brainstorming session was held to develop draft objectives 
aligned with each of the three goals. Objectives typically are composed of three 
components:  

 indicator  
 target 
 date 

However, the draft objectives did not include detailed metrics (target or date). The intent 
was to gain feedback regarding the purpose of the objective prior to defining the specifics of 
the metrics. The final objectives will include metrics based on available data and base line 
values of the data.  

During the development of the objectives, it became important to consistently define the 
network relative to each objective. It is understood that transit objectives impact a closed 
network respective to the established transit routes, but it is important to similarly define the 
highway network. It was decided that the defined network would be based on FHWA 
standards and criteria and would be defined as the principle arterial network. The principle 
arterial network refers to interstates, freeways, and expressways.  Figure 3 illustrates the 
FHWA functional classifications in relation to the NCDOT strategic network corridors. 
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Figure 3. FHWA Functional Classification and NCDOT Strategic Network Corridors
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FHWA classifications define principal arterials as facilities with the following 
characteristics: 

 Serve corridor movements having trip length and travel density characteristics 
indicative of substantial statewide or interstate travel. 

 Serve all or virtually all urban areas with populations of 50,000 or greater and a large 
majority of those with populations of 25,000 or greater. 

 Provide an integrated network without stub connections except where unusual 
geographic or traffic flow conditions dictate otherwise (e.g., international boundary 
connections and connections to coastal cities). 

NCDOT definitions for Comprehensive Transportation Planning further defines freeways 
and expressways based on functional purpose, posted speed, cross section, multi-modal 
elements, type of access control, access management, intersection facilities, and driveways, 
as shown in Table 3. 

Table 3. NCDOT Definitions for CTP Maps 

Freeways Expressways 
Functional 
Purpose 

high mobility, high volume, high 
speed 

high mobility, high volume, 
medium-high speed 

Posted Speed 55 mph or greater 45 to 60 mph 
Cross Section minimum four lanes with 

continuous median 
minimum four lanes with median 

Multi-Modal 
Elements 

High Occupancy Vehicles 
(HOV)/High Occupancy Transit 
(HOT) lanes, bus ways, truck 
lanes, park-and-ride facilities 
at/near interchanges, adjacent 
shared use paths (separate from 
roadway and outside Right of Way 
(ROW)) 

HOV lanes, bus ways, very wide 
paved shoulders (rural), shared 
use paths (separate from roadway 
but within Right of Way (ROW)) 

Type of Access 
Control 

full control of access limited or partial control of access 

Access 
Management 

interchange spacing (urban – one 
mile; non-urban – three miles); at 
interchanges on the intersection 
roadway, full control of access for 
1,000’ or for 350’ plus 650’ island 
or median, use of frontage roads, 
rear service roads 

interchange spacing (urban – one 
mile; non-urban – three miles); at 
interchanges on the intersection 
roadway, full control of access for 
1,000’ or for 350’ plus 650’ island 
or median, use of frontage roads, 
rear service roads 

Intersecting 
Facilities 

interchange or grade separation 
(no signals or at-grade 
intersections) 

interchange or grade separation 
(no signals or at-grade 
intersections) 

Driveways not allowed right-in/right-out only; direct 
driveway access via service roads 
or other alternate connections 
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The draft objectives were provided to the Steering Committee for comments. After the 
comments were received, the objectives were revised. Section 3.3 includes the updated 
objectives identified by the Triangle ITS Communications Partners.  

Objectives should contain clear metrics that can be used to evaluate the effectiveness of the 
strategies and tactics toward achieving the defined objectives. Metrics consist of three 
components: targets, standards, and a date or time period. As a rule, targets are compared to 
an identified baseline condition. The date is used in conjunction with milestones, which are 
progress checkpoints correlated to the strategies and tactics, or individual projects.  

For each identified objective, baseline data needs to be collected to validate the parameters 
of the objective and help to identify a suitable time period for that objective. Baseline data 
is determined by identifying what needs to be measured such as customer satisfaction, 
service quality, or rates and then verifying the outputs from processes or performances 
already operational. These outputs make up the baseline data conditions that are used to 
compare any improvements of a process.  

After considering what improvements are needed for each objective, targets should be 
established as the aim for improving the process or performance. An improvement can be 
stated as a reduction, improvement, or increase of the output. It should be determined 
whether this aim is a yearly, quarterly, or monthly pursuant and at what rate of 
improvement is adequate to be effective and efficient.      
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3. VISION, GOALS, AND OBJECTIVES 
After several rounds of review and approval, the Triangle region stakeholders finalized the vision and 
goal statements. Additionally, further refined objectives were developed, reviewed, and confirmed. 
Table 4 presents the final Vision, Goals, and Objectives for the Triangle region.  

Table 4. The Vision, Goals, and Objectives 
Vision

The proactive use of technology and system operation and management to support a multi­modal system 
that provides safe, efficient, reliable, and convenient transportation for people and goods while increasing 
mobility, enhancing economic development, and improving our region’s quality of life in an environmentally 
sustainable manner. 

Goal  1. Advance safe and efficient movement of people and goods throughout the region. 

Objectives  1.1. Clear 90% of incidents in 60 minutes or less on the principle arterial network

  1.2. Reduce the number of crashes per 100 million vehicle miles by 10% over a three­
year   floating average on the principle arterial network 

  1.3. Decrease secondary incidents by 10% on the principle arterial network 

Goal  2. Improve reliability of transportation systems throughout the region 

Objectives  2.1. Report all construction and maintenance activities to the TMC in advance of start 
date on the principle arterial network 

 
2.2. Report all planned special events with manual traffic control, attendance greater 

than 10,000, or requiring road closures to the TMC in advance of start date on 
the principle arterial network 

  2.3. Provide assistance to 90% of disabled vehicles on roadways designated on the 
network within 15 minutes (the principle arterial network) 

  2.4. Provide 85% on­time performance for public transportation on closed networks

  2.5. Increase travel time reliability by 2% per year to improve network performance 
for all users on the principle arterial network 

Goal  3. Enhance mobility choices through accurate, timely, and convenient information

Objectives  3.1. Increase  person  throughput  on  the  principle  arterial  network  and  transit 
networks by 10% during peak periods  

  3.2. Integrate travel information from all public agencies into a single source 

  3.3. Post  incident  information  to a  single  source  in  less  than 10 minutes of  incident 
notification on the principle arterial  network 

  3.4. Make available real­time transit arrival times on 90% of the transit network

  3.5. Provide traveler information through no less than three clicks or voice commands

  3.6. Nationally accepted data quality  standards as outlined in  the  “Data Processing 
Procedures and Quality Control” document 
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4. PERFORMANCE MEASURES AND PROJECT EVALUATION 
MEASURES 

Early in the development of the Strategic Deployment Plan (SDP), it is important to differentiate 
between Project Evaluation Measures (PEM) and performance measures. These terms can sometimes be 
confused as their definitions related to evaluation are similar and may be used interchangeably by 
different agencies. The following descriptions define these terms as they are intended to be used 
throughout the Triangle Regional ITS SDP documents.  

• PEMs are metrics used to evaluate the merits of a project and help prioritize multiple projects 
during the development of a deployment plan.  

• Performance measures are metrics used to evaluate how a corridor or network is operating 
based on current infrastructure.  

Projects selected based on PEMs should cumulatively improve the performance of a system or network 
and advance the network based on the stated objectives. This consistent, attentive approach to project 
development and assessment is in-line with NCDOT’s recent transformation to become a “results-based 
organization that more effectively measures and reports its organizational and individual performance.” 

The Department is currently undergoing a shift in the way it measures its performance and the way it 
determines how it funds its activities including its capital program. This process has important bearing 
on the development of the Triangle SDP. In recent discussions, the use of the volume/capacity (V/C) 
ratio has emerged repeatedly. While V/C ratio is presented as an evaluation metric, the manner in which 
V/C ratio is being used by NCDOT, part of its performance measurement differs from its use in the 
SDP. The SDP PEMs are looking forward to try and select projects that will contribute to the 
achievement of the SDP goals, while the performance measures are looking backward to see how the 
system performed. Table 5 and Figure 4 from the NCDOT Transformation Report, 2008 present this 
difference. 

 
Table 5. Comparison of Leading vs. Lagging Indicators  

Leading Indicator 
(Input & Output) 

Lagging Indicators 
(Outcomes) 

LEADING indicators are metrics 
that are task specific 

LAGGING indicators are reactive 

LEADING indicators measure and 
track performance before a 
problem area 

LAGGING indicators are 
reflective and measure 
performance against prior goals 

LEADING indicators are proactive LAGGING indicators indicate 
what has already happened (past) 

LEADING indicators indicate 
what may happen (future) 

 

LEADING indicators are a 
predictor to the ability to meet 
future goals 
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Figure 4. Comparison of Leading vs. Lagging Indicators 
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1. GAP ASSESSMENT OVERVIEW 
The gap assessment is the third step in the development of the revised Intelligent Transportation System 
(ITS) Strategic Deployment Plan (SDP) for the Triangle region. As identified in the Vision, Goals, and 
Objectives Report (2010), there are 14 objectives supporting three broad ITS goals for the region. With the 
vision, goals, and objectives for the Triangle region established, the next step included an assessment of the 
current status of ITS for the region. This involved an evaluation of the current deployments and a 
designation of a regional target. The gap then was quantified as the difference between these two. 

In an effort to move from regional objectives to implementable solutions or projects and remain within the 
language and structure of the National ITS Architecture, market packages were selected as an appropriate 
level of detail for the applying the gap assessment. Market packages are smaller pieces of the physical 
architecture that combine equipment packages, stakeholder elements and subsystems into specific services, 
such as Network Surveillance or Regional Traffic Control. The National ITS Architecture contains 91 
different market packages that individually address specific services; and collectively cover all aspects of 
ITS. From the 91 market packages defined by the National ITS Architecture, 29 market packages were 
identified that specifically address the 14 objectives established for the Triangle region. The strategic 
deployment plan uses these identified gaps to support the identification of future projects that can address 
the region’s objectives.  

The gap assessment document highlights each of the identified market packages and presents the 
technological and geographic gaps specific to each. Section 2 explains the gap assessment process in 
greater detail. The results of the analysis are described for each market package in Section 3. Section 4 
summarizes the gap assessment results for all market packages.  
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2. PROCESS 
The first step in this analysis was to identify market packages that could address each of the 14 objectives 
listed in the Vision, Goals, and Objectives Report. Market packages are more tangible pieces of the National 
ITS Architecture that combine equipment packages, stakeholder elements, and subsystems to address 
specific services or ITS applications such as network surveillance or advanced traveler information. A 
market package can represent several projects or a single project. A market package also can address 
multiple objectives. These market packages, or solutions, are technology independent and allow 
stakeholders to select high level solutions to address the identified objectives.  

Of the 91 market packages in the National ITS Architecture, 29 were identified. These market packages 
drive the development of projects that also align with the regional objectives so the regional ITS 
deployments remain needs-driven and do not become projects that simply deploy technology for 
technology’s sake. The goals, objectives, and related market packages are listed in Appendix A.  

The next step was to inventory the existing ITS network and practices. This inventory was grouped into one 
of 29 market packages and included elements such as closed circuit television (CCTV) cameras, traffic 
signals, and interactive traveler information. The existing network analysis included a quantitative summary 
(e.g., there are 163 existing CCTV cameras) and a qualitative discussion (e.g., almost all transit agencies in 
the Triangle region have fixed-route buses, and several recently have incorporated regional run cutting, 
scheduling, and roster software). The existing deployment is based on information assembled by the 
Communication Partners, provided in Appendix B, and has been updated with recent changes to the 
system.  

The third step was to identify regional targets within each market package. These targets were developed 
through meetings with stakeholders and are based on an understanding of where the Triangle region wants 
to be in the future. Regional targets assume that each ITS technology may warrant a different level of 
implementation and integration to be considered fully deployed. For example, ramp metering may only 
warrant targeted deployments on key segments of main corridors rather than a full regional deployment of 
ramp metering on all freeway corridors. 

Next, each market package was given a rating to indicate the level of existing deployment of the market 
package in the region. The rating used was a five-point descriptor scale ranging from no deployment to full 
deployment. The existing deployment information summarized in Appendix B was the basis for creating 
each rating. Then, a rating was assigned that described the regional target for each market package (using 
the same five-point descriptor scale). In order to determine the regional target for each market package, the 
desired network for ITS equipment and services was considered.  

To evaluate the existing status and regional goal for each market package, it is necessary to define the 
portions of the network associated with each objective. To build on current practices, the networks were 
based on roadway network definitions already in use by the region. For transit, the network is defined as 
“closed network” to represent the fixed links or transit and rail routes. The term closed is used to represent 
that these networks are well defined within the agency operations. The freeway network is defined as all 
limited-access facilities in the region and facilities classified as “freeway” in the Federal Road 
Classification System. A complete map of the roadway network is shown in Figure 1.  

For most market packages, a full deployment was identified as the regional target. Overall, the ratings for 
existing deployments and regional goals are qualitative assessments in nature, based on the understanding 
of the regional system and targets. These ratings do not represent a quantitative assessment such as a 
calculation the percentage of coverage or straight calculation of deployment. Appendix A contains the 
ratings for each market package.  
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Finally, the gaps were determined by comparing the existing deployment with the regional target. Two 
types of gaps were considered. Technological gaps are present when the infrastructure base is lacking or the 
desired technology is not currently being used in the Triangle region. For example, the technological gap 
for electronic toll collection is identified as significant since there are no existing sub-systems to support 
toll collections. Geographic gaps are present when the ITS equipment covers less physical area than is 
shown in the regional target. For example, transit vehicle tracking has a moderate geographic gap due to the 
number of agencies that need to expand the deployment to additional vehicles. Table 1 presents the 
descriptors used to categorize each gap and a general definition for each descriptor. 

Table 1. Five-Point Descriptor Scale for Gap Assessment 

Gap Descriptor Definition 

None The region has achieved a level of deployment comparable with its 
regional target. 

Minimal The identified gap will not require substantial efforts to achieve the 
regional technological and/or geographic target.  

Moderate The region has invested in a foundation of deployments and is 
approximately 50% of the way to reaching the prescribed target.  

Significant The region has established a high level of deployment as its regional 
target with little to no existing deployments. 

Full The region has no deployments contained within the market package 
category and identified a complete deployment as the regional target. 

 

The gap analysis was performed for each of the 29 market packages that address regional goals and 
objectives to provide stakeholders a representation of the gaps that need to be addressed for each market 
package. For all the market packages, the technological and geographic gaps were determined for the region 
as a whole. Operations is recognized as a crucial component to an effective regional deployment, but 
operational gaps related to each market package were not analyzed since the Regional ITS Architecture and 
strategic deployment plan are infrastructure based documents. In some cases, the technological and 
geographic gaps are further broken down to consider categories of implementation. For example, the 
analysis of the Network Surveillance market package considers gaps for the following types of roadways: 

• Urban Freeway 

• Rural Freeway 

• Urban Arterial 

• Rural Arterial  

• Regional 

The results of this gap analysis, in conjunction with the benefit/cost data provided by the ITS Deployment 
Analysis System (IDAS), were utilized in the deployment plan to help rank and prioritize projects. 

Table 2 is intended to provide a single-page summary of the regional gaps summarized for each market 
package. This summary provides a glimpse of the investment needed and the number of objectives that 
investment could address. This information feeds into the inventory required as part of the regional ITS 
architecture and project development component of the deployment plan. 
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Table 2. Full Summary of Gaps and Objectives Addressed 

Market Package Geographic 
Gap 

Technological 
Gap 

Number of 
Goals 

Addressed 

Number of 
Objectives 
Addressed 

Objectives Addressed 

ATMS01 – Network Surveillance MODERATE MINIMAL 3 7 1.1, 1.2, 1.3, 2.3, 2.5, 3.1, 
3.3 

ATMS03 – Surface Street Control MINIMAL MINIMAL 3 6 1.1, 1.2, 1.3, 2.4, 2.5, 3.1 

ATMS04 – Freeway Control SIGNIFICANT SIGNIFICANT 3 6 1.1, 1.2, 1.3, 2.3, 2.5, 3.1 

ATMS06 – Traffic Information 
Dissemination MINIMAL MINIMAL 3 11 1.1, 1.2, 1.3, 2.1, 2.2, 2.4, 

2.5, 3.1, 3.2, 3.3, 3.5 

ATMS07 – Regional Traffic Management MINIMAL MINIMAL 3 10 1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 
2.5, 3.1, 3.2, 3.3 

ATMS08 – Traffic Incident Management 
System MINIMAL MINIMAL 3 9 1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 

2.5, 3.1, 3.3 

ATMS10 – Electronic Toll Collection MODERATE SIGNIFICANT 2 2 2.5, 3.1 

ATMS16 – Parking Facility Management MODERATE MODERATE 1 1 2.2 

ATMS17 – Regional Parking 
Management MODERATE MODERATE 1 1 3.1 

ATIS01 – Broadcast Traveler Information MODERATE MODERATE 2 7 2.1, 2.2, 2.5, 3.2, 3.3, 3.4, 
3.5 

ATIS02 – Interactive Traveler Information MODERATE MODERATE 2 3 2.5, 3.2, 3.5 

APTS01 – Transit Vehicle Tracking MODERATE MINIMAL 2 2 2.4, 3.4 

APTS02 – Transit Fixed-Route 
Operations MINIMAL MINIMAL 2 3 2.4, 3.1, 3.4 

APTS03 – Demand Responsive Transit 
Operations MODERATE MINIMAL 1 1 3.4 

APTS04 – Transit Fare Collection 
Management MINIMAL MINIMAL 1 1 3.1 

APTS05 – Transit Security MODERATE MINIMAL 1 1 3.1 

APTS06 – Transit Fleet Management SIGNIFICANT MODERATE 2 2 2.4, 3.1 

APTS07 – Multimodal Coordination MODERATE MODERATE 2 4 2.4, 3.1, 3.2, 3.4 

APTS08 – Transit Traveler Information MINIMAL MINIMAL 2 4 2.4, 3.2, 3.4, 3.5 

APTS09 – Transit Signal Priority MODERATE MODERATE 2 2 2.4, 3.1 

APTS10 – Transit Passenger Counter NONE NONE 1 1 3.1 

EM01 – Emergency Call Taking and 
Dispatch NONE MINIMAL 3 4 1.1, 1.3, 2.3, 3.3 

EM04 – Roadway Service Patrols MODERATE MINIMAL 3 7 1.1, 1.2, 1.3, 2.3, 2.5, 3.1, 
3.3 

MC07 – Roadway Maintenance and 
Construction SIGNIFICANT SIGNIFICANT 1 2 2.1, 2.4 

MC08 – Work Zone Management MINIMAL MINIMAL 2 3 1.2, 1.3, 2.5 

MC10 –Maintenance and Construction 
Activity Coordination MODERATE MINIMAL 2 3 2.1, 3.2, 3.5 

AD1 – ITS Data Mart SIGNIFICANT SIGNIFICANT 1 3 3.2, 3.4, 3.6 

AD2 – ITS Data Warehouse SIGNIFICANT SIGNIFICANT 3 14 
1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 
2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 

3.5, 3.6 
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Figure 1. FHWA Functional Classification and NCDOT Strategic Network Corridors in the Triangle Region 
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3. GAP ASSESSMENT OF OBJECTIVES 
This section presents the details of the gap assessment. It is organized by service area and further 
segmented by market package. Within each subsection, the market packages are defined along with an 
existing status for the Triangle region, a defined regional target, and the gap between the existing status 
and regional target. The definitions of each market package were obtained from the National ITS 
Architecture website, http://www.iteris.com/itsarch/index.htm and are presented verbatim within each of 
the following sub-sections. Additional detail concerning the current deployment and support for the 
regional target is included within each subsection.  

The gap assessment is intended to provide a subjective view of the regional gaps relative to each market 
package. The deployment plan will further refine the gaps into projects that align with each objective.  

3.1 Traffic Management Market Packages 

3.1.1 ATMS01 – Network Surveillance 

Definition 

This market package includes traffic detectors, other surveillance equipment, the 
supporting field equipment, and fixed-point to fixed-point communications to transmit the 
collected data back to the Traffic Management Subsystem. The derived data can be used 
locally such as when traffic detectors are connected directly to a signal control system or 
remotely (e.g., when a CCTV system sends data back to the Traffic Management 
Subsystem). The data generated by this market package enables traffic managers to monitor 
traffic and road conditions, identify and verify incidents, detect faults in indicator 
operations, and collect census data for traffic strategy development and long range 
planning. The collected data can also be analyzed and made available to users and the 
Information Service Provider Subsystem. 

Existing Status 

The Triangle region currently has a total of 163 existing CCTV cameras deployed on 
interstates and arterials. The current deployment provides full coverage for portions of I-40, 
I-85, I-540, and NC 147. Other corridors have CCTV camera installations, but are not 
considered full coverage since not all segments along the corridor are visible via CCTV 
camera. There are CCTV cameras at key intersections on major arterials. Additional CCTV 
cameras are being installed on I-40 and I-440. As part of the City of Raleigh signal system, 
40 CCTV cameras are planned across the network. 

Presently, only NCDOT operates and maintains detector stations. Of a total of 137 detector 
stations, 52 are owned by NCDOT, 27 are SpeedInfo sensors, and 58 are Traffic.com 
sensors. Traffic detectors provide continuous coverage on portions of I-40 and I-85. Other 
corridors have average speed data provided via third party vendors, but all of the available 
detection and speed data has not been fully integrated for use by the Triangle Region 
Transportation Management Center (TRTMC) and other stakeholders. Table 3 presents a 
summary of the network surveillance deployed in the region.  
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Table 3. Summary of Network Surveillance Deployment 

Operating Agency 
Existing  

CCTV Cameras 
Committed 

CCTV Cameras 
Existing  

Detector Stations 
NCDOT 109 12 137 

City of Raleigh 5 40  

City of Durham 12   

Town of Cary 23   

Town of Chapel Hill 14   

Total 163 52 137 
 

Regional Target 

The regional target for network surveillance is to have full coverage of both CCTV and 
system traffic detection on the principal arterial network. The majority of the corridors are 
identified as needing full CCTV coverage (including all freeways and limited access 
roadways in the region), but some of the more rural portions of the network, such as I-85 
from north of Durham to the Virginia state line, can be addressed by a less dense 
deployment. System detection includes traffic detection at major intersections on major 
corridors, and queue detection on the freeway mainline and ramps to support ramp 
metering. The detection deployment requires a similar footprint, but may be addressed 
through a continued partnership between NCDOT-owned equipment and third party 
solutions. 

Identified Gap  

The network surveillance gap is presented for urban and rural freeways as well as for urban 
arterials. Rural arterials are a lower priority, but it is important to also distinguish the gap 
relative to their deployments. For an overview of the regional gap, a higher weight is given 
to the urban routes since these constitute a larger percentage of the regional roadways. The 
network surveillance market package supports all three of the regional goals and seven of 
the 14 regional objectives as shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.3, 2.5, 3.1, 
and 3.3).  

Table 4. Summary of Network Surveillance Gaps 

GAP 

Urban 
Freeway 

Gap 

Rural 
Freeway 

Gap 
Urban 

Arterial Gap 
Rural 

Arterial Gap 
Regional 

Gap 

Geographic MODERATE SIGNIFICANT MODERATE SIGNIFICANT MODERATE 

Technological MINIMAL MINIMAL SIGNIFICANT SIGNIFICANT MINIMAL 

 

3.1.2 ATMS03 – Surface Street Control 

Definition 

This market package provides the central control and monitoring equipment, 
communication links, and the signal control equipment that support local surface street 
control and/or arterial traffic management. A range of traffic signal control systems are 
represented by this market package ranging from fixed-schedule control systems to fully 
traffic responsive systems that dynamically adjust control plans and strategies based on 
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current traffic conditions and priority requests. This market package is generally an intra-
jurisdictional package that does not rely on real-time communications between separate 
control systems to achieve area-wide traffic signal coordination. Systems that achieve 
coordination across jurisdictions by using a common time base or other strategies that do 
not require real-time coordination would be represented by this package. This market 
package is consistent with typical urban traffic signal control systems. 

Existing Status 

The Triangle region has a large deployment of equipment for surface street control 
including five signal systems, a multitude of closed-loop systems operated by NCDOT and 
municipalities, fire preemptions, and dynamic message signs (DMS). There is one traffic 
adaptive corridor in the City of Durham. Table 5 provides a summary of the surface street 
control inventory for each system within the Triangle region.  

Table 5. Summary of Surface Street Control Inventory 

System 

Number 
of 

Traffic 
Signals 

Primary 
Operating 

Agency Additional Information 

City of Raleigh Signal System 598 City of Raleigh 
Includes 140 signals being added via 
signal system upgrade,12 signals planned 
for transit priority 

City of Durham Signal System 380 City of Durham 
120 emergency preemption, 24 
intersections in traffic adaptive corridor 
(near RTP) 

Town of Cary Signal System 134 Town of Cary 12 DMS, 11 signals with preemption for 
police and fire vehicles 

Town of Chapel Hill Signal 
System 135 Town of Chapel Hill 3 railroad preemptions, 1 fire preemption 

Town of Garner Signal System 
30 
 

NCDOT 4 systems 

Orange County 20 Town of Chapel Hill   

Knightdale 22 NCDOT 2 systems 

Wake County 10 NCDOT 2 systems 

Mini-City 4 City of Raleigh 1 system, will be incorporated into City of 
Raleigh signal system upgrade 

Apex/Holly Springs 18 NCDOT 3 systems 

US 1 9 City of Raleigh 2 systems, will be incorporated into City of 
Raleigh signal system upgrade 

Wake Forest 18 NCDOT 4 systems 

Roxboro 5 NCDOT 1 system 

Research Triangle Park 6 NCDOT 2 systems 

Henderson 16 NCDOT 2 systems 
 

Regional Target 

The regional target for surface street control is to provide proactive traffic signal 
management on all principal arterial corridors. This includes a commitment to the ongoing 
maintenance of the existing infrastructure as well as expanding operational control as the 
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region grows. Maximizing the operations of the corridors and systems requires a 
coordinated commitment across jurisdictional boundaries to maintain efficient signal timing 
plans. 

Identified Gap  

The surface street control gap is segmented into signal systems and closed loops. A larger 
emphasis is placed on the signal systems as these systems control a larger percentage of the 
surface street network. The gaps are all identified as minimal, but it is important to note that 
signal system upgrades mean significant costs and as these systems become outdated, this 
gap can grow. Closed-loop systems require continued maintenance and timing plan 
upgrades, but equipment replacement and upgrades are less costly since the systems involve 
fewer signals. From a geographic standpoint, the centrally controlled signal systems need to 
be expanded to all principal arterial corridors to improve the efficiency within the network. 
The surface street control market package supports all three of the regional goals and six of 
the region’s 14 objectives as shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.4, 2.5, and 
3.1).  

Table 6. Summary of Surface Street Control Gaps 

GAP 
Signal 

System Gap 

Closed-
Loop 

System Gap 
Regional 

Gap 

Geographic MINIMAL MINIMAL MINIMAL 

Technological MINIMAL MINIMAL MINIMAL 

 

3.1.3 ATMS04 – Freeway Control 

Definition  

This market package provides central monitoring and control, communications, and field 
equipment that support freeway management. It supports a range of freeway management 
control strategies including ramp metering, interchange metering, mainline lane controls, 
mainline metering, and other strategies including variable speed controls. This package 
incorporates the instrumentation included in the Network Surveillance Market Package to 
support freeway monitoring and adaptive strategies as an option. 

This market package also includes the capability to utilize surveillance information for 
detection of incidents. Typically, the processing would be performed at a traffic 
management center; however, developments might allow for point detection with roadway 
equipment. For example, a CCTV might include the capability to detect an incident based 
upon image changes. Additionally, this market package allows general advisory and traffic 
control information to be provided to the driver while en route. 

Existing Status  

Currently, there are no freeway control deployments in the Triangle region.  

Regional Target  

Overall, the regional goal is to have a significant deployment of freeway control 
technologies on the region’s network of control of access facilities. Triangle region 
stakeholders have identified an interest in expanding the freeway control footprint to 
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include ramp meter installations and, in the long term, exploring lane-by-lane control 
equipment on certain freeway segments as demonstrated by Active Traffic Management 
(ATM) deployments in Europe and planned installations in Washington and Minnesota.  

Identified Gap  

Since the region has no freeway management deployments, the gaps are large for this 
market package. Ramp metering will need to be evaluated on identified corridors and 
require a significant outreach component as part of the first deployment. This outreach will 
be a large educational program since ramp metering has not been installed anywhere in 
North Carolina. ATM deployments have shown promise in other countries, but deployments 
in North America are not mature enough to provide quality data on conformity to lane 
control signs and variable speed limits. There is a gap for the region, but progress toward 
ATM deployments will be reliant on additional data from existing deployments within the 
United States. The freeway control market package supports all three regional goals and 
addresses six of the 14 regional objectives as shown in Appendix C (Objectives 1.1, 1.2, 
1.3, 2.3, 2.5, and 3.1).  

Table 7. Summary of Freeway Control Gaps 

GAP 
Ramp Metering 

Gap ATM Gap Regional Gap 

Geographic SIGNIFICANT SIGNIFICANT SIGNIFICANT 

Technological SIGNIFICANT SIGNIFICANT SIGNIFICANT 

 

3.1.4 ATMS06 – Traffic Information Dissemination 

Definition  

This market package provides driver information using roadway equipment such as 
dynamic message signs or highway advisory radio. A wide range of information can be 
disseminated including traffic and road conditions, closure and detour information, 
incident information, and emergency alerts and driver advisories. This package provides 
information to drivers at specific equipped locations on the road network. Careful 
placement of the roadway equipment provides the information at points in the network 
where the drivers have recourse and can tailor their routes to account for the new 
information. This package also covers the equipment and interfaces that provide traffic 
information from a traffic management center to the media (for instance via a direct tie-in 
between a traffic management center and radio or television station computer systems), 
Transit Management, Emergency Management, and Information Service Providers. A link 
to the Maintenance and Construction Management subsystem allows real-time information 
on road/bridge closures due to maintenance and construction activities to be disseminated.  

Existing Status  

As with most freeway management deployments, dynamic message signs (DMS) have been 
integral components of NCDOT’s Freeway Management System (FMS) deployments. 
Additionally, the Town of Cary included 12 arterial DMS in its recent signal system 
upgrade. The Town of Chapel Hill recently installed message signs at 14 of its transit stops. 
This component overlaps with the transit traveler information market package, but it is 
important to identify all of the message sign capabilities across the region. The region also 
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has invested in highway advisory radio (HAR) installations but does not plan to expand that 
deployment. 

Several media outlets have connected with the NCDOT TRTMC to receive direct feeds 
from the CCTV cameras and incident information located across the region. The data feed 
includes all traffic condition information collected through the Traveler Information 
Management System (TIMS). This system collects incident data, maintenance and 
construction activities, and even special event information that can impact the roadways. 

Table 8. Summary of Information Dissemination Deployment 

Operating Agency 
Existing 

DMS 
Existing 

HAR 
NCDOT – Regional Freeways 47 5 
Town of Cary 12  

Town of Chapel Hill 14 
(bus stop)  

City of Raleigh 4 (transit)  

City of Durham Planned 
(2010)  

Triangle Transit  Planned 
(2010)  

 

Regional Target  

The regional target is to have full deployment of traffic information dissemination 
technologies on the freeways and principal arterials. Achieving this target entails having 
DMS installations on the freeways and principal arterials to convey real-time roadway 
conditions, including travel times, as that information becomes available on each corridor.  

Identified Gap  

The technological gap in the region is minimal. Not only does the region have experience in 
operating and maintaining DMS, but also the capabilities exist to share control of the DMS 
between facilities. The main gap for the region exists on the software side of the 
deployment. Currently, multiple software applications are required to control the 
combination of DMS that exist in the region. The geographic gap is minimal for the 
freeways, but larger for the arterials. The traffic information dissemination market package 
supports all three of the regional goals and 11 of the region’s 14 objectives as shown in 
Appendix C (Objectives 1.1, 1.2, 1.3, 2.1, 2.2, 2.4, 2.5, 3.1, 3.2, 3.3, and 3.5).  

Table 9. Summary of Information Dissemination Gaps 

GAP 
Freeway 

Gap Arterial Gap 
Regional 

Gap 

Geographic MINIMAL MODERATE MINIMAL 

Technological MINIMAL MINIMAL MINIMAL 
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3.1.5 ATMS07 – Regional Traffic Management 

Definition  

This market package provides for the sharing of traffic information and control among 
traffic management centers to support regional traffic management strategies. Regional 
traffic management strategies that are supported include coordinated signal control in a 
metropolitan area and coordination between freeway operations and arterial signal control 
within a corridor. This market package advances the Surface Street Control and Freeway 
Control Market Packages by adding the communications links and integrated control 
strategies that enable integrated interjurisdictional traffic management. The nature of 
optimization and extent of information and control sharing is determined through working 
arrangements between jurisdictions. This package relies principally on roadside 
instrumentation supported by the Surface Street Control and Freeway Control Market 
Packages and adds hardware, software, and fixed-point to fixed-point communications 
capabilities to implement traffic management strategies that are coordinated between allied 
traffic management centers. Several levels of coordination are supported from sharing of 
information through sharing of control between traffic management centers. 

Existing Status  

The region has a very mature system related to regional traffic management. All of the 
existing local Traffic Operations Centers (TOC) are connected to the TRTMC. In addition, 
the TRTMC is connected to State Emergency Operations Center (EOC), the Emergency 
Information Center (EIC), Triangle Transit’s dispatch facility, and other facilities. The 
primary purpose of these interconnections is for sharing of CCTV camera images, but the 
technological ability exists for most of the facilities to share control. 

Regional Target  

The regional target is to have full deployment of this market package. The region will 
continue to connect to facilities as relationships develop between agencies. Additional 
expansions may occur in expanded operational relationships between agencies. Some 
municipalities may broaden their relationships to allow control of signals on arterials that 
cross jurisdictional boundaries. As the region grows and more ITS are deployed, additional 
operations responsibilities also may be shared between NCDOT and local agencies. 

Identified Gap  

Since most of the existing facilities are connected with the TRTMC, the geographic gap for 
the region is minimal. As new facilities are built or existing facilities are moved, connection 
with the TRTMC as the central hub of the region is considered within the design. The 
technological gap also is minimal as the connection and the ability to view images and 
control devices exist through the current connections. The regional traffic management 
market package supports all three of the regional goals and 10 of the region’s 14 objectives 
shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 2.5, 3.1, 3.2, and 3.3).  

Table 10. Summary of Regional Traffic Management Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 
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3.1.6 ATMS08 – Traffic Incident Management System 

Definition 

This market package manages both unexpected incidents and planned events so that the 
impact to the transportation network and traveler safety is minimized. The market package 
includes incident detection capabilities through roadside surveillance devices (e.g. CCTV) 
and through regional coordination with other traffic management, maintenance and 
construction management and emergency management centers as well as rail operations 
and event promoters. Information from these diverse sources is collected and correlated by 
this market package to detect and verify incidents and implement an appropriate response. 
This market package supports traffic operations personnel in developing an appropriate 
response in coordination with emergency management, maintenance and construction 
management, and other incident response personnel to confirmed incidents. The response 
may include traffic control strategy modifications or resource coordination between center 
subsystems. Incident response also includes presentation of information to affected 
travelers using the Traffic Information Dissemination market package and dissemination of 
incident information to travelers through the Broadcast Traveler Information or Interactive 
Traveler Information market packages. The roadside equipment used to detect and verify 
incidents also allows the operator to monitor incident status as the response unfolds. The 
coordination with emergency management might be through a computer-aided dispatch 
(CAD) system or through other communication with emergency field personnel. The 
coordination can also extend to tow trucks and other allied response agencies and field 
service personnel. 

Existing Status  

Currently, the TRTMC is co-located with the NCDOT Statewide Transportation Operations 
Center (STOC) and connected with several local agencies and the NC State Highway Patrol 
(NCSHP). The existing regional freeway management system deployment is operated from 
the TRTMC. As described in the network surveillance section (3.1.1), third party vendors 
supplement the detection data with additional roadside equipment and probe data generating 
average speeds. The Incident Management Assistance Patrol (IMAP) also is dispatched 
from the TRTMC. The municipalities operate CCTV cameras and limited arterial DMS. All 
of these deployments collectively provide an integrated incident management program for 
the region. 

Regional Target  

The regional target is to provide full deployment of this market package. This will entail 
expanding the existing footprint of roadside devices to all urban freeways and principal 
arterials as well as expanding the abilities for interagency coordination during incidents 
through a single Advanced Traffic Management System (ATMS) software solution.  

Identified Gap  

The geographic gap for the Triangle region is listed as minimal to balance with the gap 
identified through network surveillance, traffic information dissemination, regional traffic 
control, and roadway service patrols. There is a strong base for incident management in the 
region, but further expansion of the field devices can expand incident management 
capabilities. The technological gap is listed as minimal based on the understanding that 
funding exists for a single web-based ATMS software that can be accessed by facilities 
operated by numerous agencies. This gap also exists based on the ability to expand 
additional resources such as freeway and arterial control systems. The traffic incident 
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management system market package supports all three of the regional goals and nine of the 
region’s 14 objectives shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 2.5, 3.1, 
and 3.3).  

Table 11. Summary of Traffic Incident Management Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 

 

3.1.7 ATMS10 – Electronic Toll Collection 

Definition  

This market package provides toll operators with the ability to collect tolls electronically 
and detect and process violations. The fees that are collected may be adjusted to implement 
demand management strategies. Field-Vehicle Communication between the roadway 
equipment and the vehicle is required as well as Fixed Point-Fixed Point interfaces between 
the toll collection equipment and transportation authorities and the financial infrastructure 
that supports fee collection. Toll violations are identified and electronically posted to 
vehicle owners. Standards, inter-agency coordination, and financial clearinghouse 
capabilities enable regional, and ultimately, national interoperability for these services. 
Two other market packages, APTS04: Transit Fare Collection Management and ATMS16: 
Parking Facility Management also provide electronic payment services. These three market 
packages in combination provide an integrated electronic payment system for 
transportation services. 

The vehicle equipment and roadside readers that these systems utilize can also be used to 
collect road use statistics for highway authorities. This data can be collected as a natural 
by-product of the toll collection process or collected by separate readers that are dedicated 
to probe data collection. 

Existing Status 

There are no toll facilities in the region. 

Regional Target  

The regional target is to have full deployment of this market package, meaning deployment 
of toll facilities on a set of links that will be determined as part of the deployment plan 
development. Proposed toll facilities constructed in the Triangle region will not include the 
use of any booths for fare collection. All fare collection will be handled electronically, and 
the regional stakeholders should be prepared to support this system and integrate the 
available data with other regional systems.  

Identified Gap 

The geographical gap for electronic toll collection is identified as moderate. Currently there 
are no existing sub-systems to support toll collections; however an interest to deploy sub-
systems has been identified. It is anticipated that an electronic toll system would be 
implemented to support potential high occupancy toll (HOT) lanes on specific corridors. 
Limited infrastructure exists to support this system; therefore, the technological gap is 
significant for the region. The electronic toll collection market package supports two of the 
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three regional goals and two of the region’s 14 objectives shown in Appendix C 
(Objectives 2.5 and 3.1).  

Table 12. Summary of Electronic Toll Collection Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological SIGNIFICANT 

 

3.1.8 ATMS16 – Parking Facility Management 

Definition  

This market package provides enhanced monitoring and management of parking facilities. 
It assists in the management of parking operations, coordinates with transportation 
authorities, and supports electronic collection of parking fees. This market package collects 
current parking status, shares this data with Information Service Providers and Traffic 
Management, and collects parking fees using the same in-vehicle equipment utilized for 
electronic toll collection or contact or proximity traveler cards used for electronic payment. 
Two other market packages, APTS04: Transit Fare Collection Management and ATMS10: 
Electronic Toll Collection also provide electronic payment services. These three market 
packages in combination provide an integrated electronic payment system for 
transportation services. 

Existing Status 

Currently in the Triangle region, there are no parking facilities interconnected with traffic 
management facilities. Coordination between event managers, parking facility managers, 
and transportation agencies occurs at an ad hoc and occasional level. 

Regional Target  

The regional target is for a moderate deployment of the market package. The region has an 
interest in deploying systems that provide real-time parking availability information at 
certain major event venues and destinations such as Carter-Finley Stadium, the RBC 
Center, downtown Raleigh, etc.  

Identified Gap 

Both geographic and technological gaps are identified as moderate since no systems are 
currently in place in the region, and the regional interest is for specific destinations. It is 
important that the proposed systems are integrated with the current infrastructure so the 
collected data can be made available to other agencies, and be disseminated using existing 
systems where feasible. The parking facility management market package supports one of 
the three regional goals and one of the region’s 14 objectives shown in Appendix C 
(Objective 2.2).  

Table 13. Summary of Parking Facility Management Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 
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3.1.9 ATMS17 – Regional Parking Management 

Definition  

This market package supports communication and coordination between equipped parking 
facilities and also supports regional coordination between parking facilities and traffic and 
transit management systems. This market package also shares information with transit 
management systems and information service providers to support multimodal travel 
planning, including parking reservation capabilities. Information including current parking 
availability, system status, and operating strategies are shared to enable local parking 
facility management that supports regional transportation strategies. 

Existing Status 

There are no automated facilities for parking management in the region. 

Regional Target 

The regional target is for a moderate deployment of the market package. An integrated 
regional parking management system would benefit larger destinations such as downtown 
areas and universities. A limited number of parking facilities currently operate automated 
parking management systems, so a preliminary build-out of the Parking Facility 
Management market package is either needed or should be integrated with a regional 
deployment. The regional system would be integrated with traveler information tools, other 
modes, and multiple transportation agencies.  

Identified Gap  

Similar to the previous market package for stand-alone parking management systems, the 
geographic and technological gaps associated with a regional parking management solution 
are identified as moderate. Since these are targeted deployments in only a few scenarios, the 
geographic gap is limited. The technological gap is much more difficult to address, but 
would build upon technology implemented through the stand-alone facilities. The regional 
parking management market package supports one of the three regional goals and one of the 
region’s 14 objectives shown in Appendix C (Objective 3.1).  

Table 14. Summary of Regional Parking Management Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 

 

3.2 Traveler Information Market Packages 

3.2.1 ATIS01 – Broadcast Traveler Information 

Definition  

This market package collects traffic conditions, advisories, general public transportation, 
toll and parking information, incident information, roadway maintenance and construction 
information, air quality and weather information, and broadcasts the information to 
travelers using technologies such as FM subcarrier, satellite radio, cellular data 
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broadcasts, and Internet web casts. The information may be provided directly to travelers 
or provided to merchants and other traveler service providers so that they can better inform 
their customers of travel conditions. Different from the market package ATMS6 - Traffic 
Information Dissemination, which provides localized HAR and DMS information 
capabilities, ATIS01 provides a wide area digital broadcast service. Successful deployment 
of this market package relies on availability of real-time traveler information from roadway 
instrumentation, probe vehicles or other sources. 

Existing Status 

NCDOT has an established system for collecting and assembling incident information 
(crash, construction, special event, etc.) through TIMS. This information is combined with 
CCTV camera images and a speed map on the ncsmartlink website. This data also is made 
available in an RSS (Rich Site Summary) feed to which third parties can subscribe to supply 
additional traveler information websites. Several of the media outlets connected to the 
TRTMC provide similar information on their internally developed websites. Some of the 
media outlets offer additional information such as flight trackers or commuter-specific 
information. Additionally, most of the transit agencies in the region provide traveler 
information websites for their users. In addition to websites, some organizations provide 
information through other methods including phone numbers with prerecorded messages 
and information kiosks. Participating agencies — including several municipalities, state 
agencies, and transit agencies — are listed by technology used in Table 15. 

Table 15. Summary of ATIS Inventory 

ATIS Type Participating Agencies 

Internet Websites 
– NCDOT 
– Media Outlets 
– Town of Cary 

Call-in Telephone – Traffic Patrol Broadcasting 
– Carolina Trailways/Greyhound 

Cooperative Agreements for Use 
of Live Video Images 

– NCSHP 
– WRAL-TV 
– WTVD–TV 
– NBC-17 
– Time-Warner 
– Curtis Media Group 

Statewide Ridematching Website – www.sharetheridenc.org 

Traveler Information Kiosks – NCDOT / NC Department of Commerce 
partnership – state Welcome Centers  

Regional Transit Information 

– Chapel Hill Transit 
– Durham Area Transit Authority 
– Capital Area Transit 
– Triangle Transit 
– C-Tran 
– NCSU Wolfline (ncsu.transloc-inc.com) 

 

Regional Target  

The regional target for broadcast traveler information includes providing continuous 
information on the freeway network and the principal arterials. It also includes expanding 
the information to in-vehicle and handheld devices.  
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Identified Gap 

The identified gap for broadcast traveler information is moderate for geographic and 
technology. This gap is based on additional data needed for expanding the current amount 
of information provided to more portions of the network. It is anticipated that the 
technology gap will require further partnership between the public and private sectors to 
keep up with the abilities of mobile devices. Additionally, the impact of broadcast traveler 
information can be improved through outreach and education to the public to make them 
aware of the numerous methods by which they can obtain data. The broadcast traveler 
information market package supports two of the three regional goals and seven of the 
region’s 14 objectives shown in Appendix C (Objectives 2.1, 2.2, 2.5, 3.2, 3.3, 3.4, and 
3.5).  

Table 16. Summary of Broadcast Traveler Information Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 

 

3.2.2 ATIS02 – Interactive Traveler Information 

Definition 

This market package provides tailored information in response to a traveler request. Both 
real-time interactive request/response systems and information systems that "push" a 
tailored stream of information to the traveler based on a submitted profile are supported. 
The traveler can obtain current information regarding traffic conditions, roadway 
maintenance and construction, transit services, ride share/ride match, parking 
management, detours and pricing information. Although the Internet is the predominate 
network used for traveler information dissemination, a range of two-way wide-area 
wireless and fixed-point to fixed-point communications systems may be used to support the 
required data communications between the traveler and Information Service Provider. A 
variety of interactive devices may be used by the traveler to access information prior to a 
trip or en route including phone via a 511-like portal and web pages via kiosk, personal 
digital assistant, personal computer, and a variety of in-vehicle devices. This market 
package also allows value-added resellers to collect transportation information that can be 
aggregated and be available to their personal devices or remote traveler systems to better 
inform their customers of transportation conditions. Successful deployment of this market 
package relies on availability of real-time transportation data from roadway 
instrumentation, transit, probe vehicles or other means. A traveler may also input personal 
preferences and identification information via a “traveler card” that can convey 
information to the system about the traveler as well as receive updates from the system so 
the card can be updated over time. 

Existing Status 

Based on the data assembled within the TIMS database, NCDOT is able to feed the traveler 
information website, ncsmartlink.org, and the statewide traveler information phone number, 
511. The Town of Cary currently is the only municipality in the state that populates TIMS 
with local road condition data, and it also is available on both NCDOT information sources. 
The transit partners have established a regional trip planner for routing a single trip within 
the region across multiple transit agencies. The transit agencies also support a statewide 
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ridematching website in an effort to increase participation in carpooling. By 2010, real-time 
passenger information will be integrated with the statewide 511 system. Lastly, NCDOT 
makes traveler information available at the Welcome Centers via interactive kiosks through 
a partnership with the Department of Commerce (DOC). A summary of the participating 
agencies and the associated traveler information technology is presented in Table 17. 

Table 17. Summary of Interactive ATIS Inventory 

Operating Agency ATIS 
NCDOT Statewide traveler information phone number – dial 511 or 1.877.511.4662 

Triangle Transit Regional transit information call center opened March 2007; website – 
www.GoTriangle.org with trip planner, rider updates 

Triangle Transit Integration of Regional Real-time Passenger Information Systems with 511 (2010) 

NCDOT Statewide ridematching website – http://www.sharetheridenc.org/ 

NCDOT Traveler information kiosks in state Welcome Centers (DOT/DOC partnership) 
 

Regional Target  

The regional target for interactive traveler information includes providing continuous 
information on the freeway network and the principal arterials. Existing traveler 
information sources and mobile devices should provide customizable solutions for the 
traveler including automated notifications and time- and location-specific information. 

Identified Gap 

The identified gap for interactive traveler information is moderate for geographic and 
technology. The geographical gap will be addressed as the network surveillance 
technologies are expanded across the network. Similar to the broadcast traveler information 
market package, the technology gap will require expanded relationships between the public 
and private sectors. As technology for in-vehicle and mobile devices changes, the private 
sector will be more apt to meet the needs of the users, but will rely heavily on data from the 
public sector. Private sector data sources also need to be integrated with public sector data 
to provide a more accurate view of the network conditions. The interactive traveler 
information market package supports two of the three regional goals and three of the 
region’s 14 objectives shown in Appendix C (Objectives 2.5, 3.2, and 3.5).  

Table 18. Summary of Interactive Traveler Information Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 
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3.3 Public Transportation Market Packages 

The transit industry in the Triangle region has seen considerable activity over recent years, 
expanding technologies and geographic coverage related to several market package areas. Table 
19 and Table 20 present summaries of the public transportation services within the Triangle 
region per system type and vehicle deployments, respectively. These summaries are the 
foundation of the gap assessment for all of the market packages related to transit deployments. 

Table 19. Summary of APTS Inventory – Per System Type 

  

Transit 
Fixed-Route 

Ops  
APTS02 

Demand 
Response 

Transit Ops 
APTS03 

Transit Fleet 
Mgmt 

APTS06 

Transit 
Traveler 

Info  
APTS08 

Transit 
System 

Total 
Number of 
Vehicles 

Runcutting, 
Scheduling, 

and 
Rostering 
Software 

Scheduling/
Dispatch 
Software 

Maintenance 
Software 

Real-time 
Pass Info 
System 

Chapel Hill 
Transit (CHT) 

99 buses 
22 paratransit YES YES YES (Statewide 

Software) YES 

Durham Area 
Transit 
Authority 
(DATA) 

53 buses 
40 paratransit YES YES YES YES 

Capital Area 
Transit (CAT) 

84 buses 
2 trolleys 

12 
contingency 

buses 

YES YES YES YES 

Triangle Transit 
(TT) 

59 buses 
6 demand 
responsive 

4 paratransit 

YES YES YES (Statewide 
Software) YES 

Wolfline Transit 24 buses   YES YES 

Wake County 
Coordinated 
Transportation 
Service (WCTS) 

57 vehicles  YES YES  

Orange County 
Public 
Transportation 

29 paratransit  YES 
(2010/2011) YES  

Cary C-Tran 8 buses 
14 vehicles  YES YES  
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Table 20. Summary of APTS Inventory – Per Vehicle 

  

Transit 
Vehicle 

Tracking 
APTS01 

Transit 
Fixed-
Route 
Ops 

APTS02 

Demand 
Response 

Transit Ops 
APTS03 

Demand 
Response 

Transit 
Ops 

APTS03 

Transit 
Fare 

Collection 
Mgmt 

APTS04 

Transit 
Security 
APTS05 

Transit 
Security 
APTS05 

Transit 
Traveler Info 

APTS08 

Transit 
Passenger 

Counter 
APTS10 

Transit 
System 

Total 
Number of 
Vehicles 

Automatic 
Vehicle 

Location 
(AVL) 

Fixed-
Route 
Buses 

Demand 
Response 
Vehicles 

Mobile 
Data 

Computers 
(MDC) 

Transit 
Fare 

Collection 
Mgmt 

CCTV 
Cameras 
at Park 
& Ride 

Vehicles 
with 

Security 
Cameras 

Automatic 
Voice 

Annunciation 
System 
(AVAS) 

Automatic 
Passenger 

Counter 
(APC) 

Chapel Hill 
Transit (CHT) 

99 buses 
22 paratransit 

99 / 22 
15 (MDC) 

99 
(100% 
buses) 

22 (100% 
paratransit) 22 (100%) 

99  
(100% 
buses) 

6 40 (40% 
buses) 55 (56% buses) 34 (34% 

buses) 

Durham Area 
Transit 
Authority 
(DATA) 

53 buses 
40 paratransit 

53 (2010) 
40 (MDC) 53 40 (100% 

paratransit) 
40 (100% in 

2010) 
43  

(81% buses)  53 (100% 
buses) 

53 (100% 
buses) 5 (9% buses) 

Capital Area 
Transit (CAT) 

84 buses 
2 trolleys 

12 
contingency 

buses 

84 / 2 84 N/A  

84 buses, 1 
trolley  
(100% 

buses, 50% 
trolleys) 

 84 (100% 
buses) 

84 (100% 
buses) 

41 (49% 
buses) 

Triangle 
Transit (TT) 

59 buses 
6 demand 
responsive 

4 paratransit 

59 (2010) 
10 (MDC 

2010) 
59 6 (100% 

paratransit))  56 
(57% buses) 2 44 (75% 

buses) 43 (73% buses) 14 (24% 
buses) 

Wolfline 
Transit 24 buses 24 24 N/A       

Wake County 
Coordinated 
Transportation 
Service 
(WCTS) 

57 vehicles 57 (MDC)  57 (100%) 57 (100%)      

Orange 
County Public 
Transportation 

29 paratransit   29 (100%)       

Cary C-Tran 8 buses 
14 vehicles  12 (100% 

buses) 14 (64%)  7  
(88% 2010)  22 (100%)   
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3.3.1 APTS01 – Transit Vehicle Tracking 

Definition 

This market package monitors current transit vehicle location using an Automated Vehicle 
Location [AVL] System. The location data may be used to determine real-time schedule 
adherence and update the transit system’s schedule in real-time. Vehicle position may be 
determined either by the vehicle (e.g., through Global Positioning System (GPS)) and 
relayed to the infrastructure or may be determined directly by the communications 
infrastructure. A two-way wireless communication link with the Transit Management 
Subsystem is used for relaying vehicle position and control measures. Fixed route transit 
systems may also employ beacons along the route to enable position determination and 
facilitate communications with each vehicle at fixed intervals. The Transit Management 
Subsystem processes this information, updates the transit schedule and makes real-time 
schedule information available to the Information Service Provider. 

Existing Status 

Several Triangle agencies currently use AVL technologies. These agencies are summarized 
in Table 21.  

Regional Target  

The regional target is to deploy AVL on all fixed-route vehicles and on most demand 
response vehicles.  

Identified Gap 

The technological gap is minimal due to a large number of the agencies having a 
foundational deployment of AVL on their fleet. The geographic gap is moderate due to the 
number of agencies that need to expand the deployment to additional vehicles. The transit 
vehicle tracking market package supports two of the three regional goals and two of the 
region’s 14 objectives shown in Appendix C (Objectives 2.4 and 3.4).  

Table 21. Summary of Transit Vehicle Tracking Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MINIMAL 

 

3.3.2 APTS02 – Transit Fixed-Route Operations 

Definition 

This market package performs automated dispatch and system monitoring for fixed-route 
and flexible-route transit services. This service performs scheduling activities including the 
creation of schedules, blocks and runs, as well as operator assignment. This service 
determines the transit vehicle trip performance against the schedule using AVL data and 
provides information displays at the Transit Management Subsystem. Static and real-time 
transit data is exchanged with Information Service Providers where it is integrated with 
that from other transportation modes (e.g. rail, ferry, air) to provide the public with 
integrated and personalized dynamic schedules. 
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Existing Status 

Almost all transit agencies in the Triangle region have fixed-route buses, and several 
recently have incorporated regional run cutting, scheduling, and roster software. 

Regional Target  

The target for the region is to provide technological support for the efficient operations of 
all fixed-route operations.  

Identified Gap 

The geographic and technological gaps are both identified as minimal for fixed-route 
operations. The four agencies with the largest fixed-route operations currently are using a 
runcutting, scheduling, and rostering software. Additional software packages to improve 
operations already are programmed for several of the agencies. The transit fixed-route 
operations market package supports two of the three regional goals and three of the region’s 
14 objectives shown in Appendix C (Objectives 2.4, 3.1, and 3.4).  

Table 22. Summary of Transit Fixed-Route Operations Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 

 

3.3.3 APTS03 – Demand Response Transit Operations 

Definition  

This market package performs automated dispatch and system monitoring for demand 
responsive transit services. This service performs scheduling activities as well as operator 
assignment. In addition, this market package performs similar functions to support dynamic 
features of flexible-route transit services. This package monitors the current status of the 
transit fleet and supports allocation of these fleet resources to service incoming requests for 
transit service while also considering traffic conditions. The Transit Management 
Subsystem provides the necessary data processing and information display to assist the 
transit operator in making optimal use of the transit fleet. This service includes the 
capability for a traveler request for personalized transit services to be made through the 
Information Service Provider (ISP) Subsystem. The ISP may either be operated by a transit 
management center or be independently owned and operated by a separate service 
provider. In the first scenario, the traveler makes a direct request to a specific paratransit 
service. In the second scenario, a third party service provider determines that the 
paratransit service is a viable means of satisfying a traveler request and makes a 
reservation for the traveler. 

Existing Status 

Wolfline is the only transit agency in the Triangle region that does not operate demand 
response services. DATA, CHT, and Wake County all have 100% coverage of mobile data 
computers (MDC) in their paratransit vehicles. The Accessible Raleigh Transportation 
Program (ART) is the demand responsive portion of Capital Area Transit (CAT). Orange 
County currently is using a schedule assist software package for billing, but this does not 
include a scheduling algorithm.  
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Regional Target  

The regional target for demand response transit operations is to equip all vehicles with 
Mobile Data Terminals (MDTs) and for all agencies operating demand response vehicles to 
use an efficient scheduling and dispatch software. 

Identified Gap  

The geographic gap for demand response transit operations is moderate based on the 
percentage of fleet vehicles equipped with MDTs and the one agency that currently is not 
using a scheduling and dispatch software. The technological gap is minimal based on the 
number of agencies that are using these technologies and the regional knowledge that can 
be shared between agencies. The demand response transit operations market package 
supports one of the three regional goals and one of the region’s 14 objectives shown in 
Appendix C (Objective 3.4).  

Table 23. Summary of Demand Response Transit Operations 
Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MINIMAL 

 

3.3.4 APTS04 – Transit Fare Collection Management 

Definition  

This market package manages transit fare collection on-board transit vehicles and at 
transit stops using electronic means. It allows transit users to use a traveler card or other 
electronic payment device. Readers located either in the infrastructure or on-board the 
transit vehicle allow electronic fare payment. Data is processed, stored, and displayed on 
the transit vehicle and communicated as needed to the Transit Management Subsystem. Two 
other market packages, ATMS10: Electronic Toll Collection and ATMS16: Parking Facility 
Management also provide electronic payment services. These three market packages in 
combination provide an integrated electronic payment system for transportation services. 

Existing Status 

The transit agencies in the Triangle region have been highly effective at implementing 
electronic fare collection on a large percentage of their fleets. CAT, DATA, and TT have 
implemented technology (GFI Odyssey fareboxes) on 100% of their fleets. CHT is a fare-
free system, but uses GFI Cents-A-Bill fareboxes. 

Regional Target  

The regional target for the Triangle region is to operate a single regional fare collection 
system with participation from all transit agencies. The main component of this 
achievement will be the implementation of a “smartcard” to work across all agencies’ 
systems. 

Identified Gap 

The geographic gap for electronic fare collection is identified as minimal due to the 
percentage of vehicles equipped and the regional fare system already in place. The 
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technological gap also is identified as minimal since the system will be an expansion of the 
current fare boxes. In addition, the difficulty in implementing a single fare collection system 
will occur during the process of establishing interagency coordination, and not through the 
technological implementation. The transit fare collection management market package 
supports one of the three regional goals and one of the region’s 14 objectives shown in 
Appendix C (Objective 3.1).  

Table 24. Summary of Transit Fare Collection Management 
Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 

 

3.3.5 APTS05 – Transit Security 

Definition  

This market package provides for the physical security of transit passengers and transit 
vehicle operators. On-board equipment is deployed to perform surveillance and sensor 
monitoring in order to warn of potentially hazardous situations. The surveillance equipment 
includes video (e.g., CCTV cameras), audio systems and/or event recorder systems. The 
sensor equipment includes threat sensors (e.g., chemical agent, toxic industrial chemical, 
biological, explosives, and radiological sensors) and object detection sensors (e.g., metal 
detectors). Transit user or transit vehicle operator activated alarms are provided on-board. 
Public areas (e.g., transit stops, park and ride lots, stations) are also monitored with 
similar surveillance and sensor equipment and provided with transit user activated alarms. 
In addition this market package provides surveillance and sensor monitoring of non-public 
areas of transit facilities (e.g., transit yards) and transit infrastructure such as bridges, 
tunnels, and transit railways or bus rapid transit (BRT) guideways. The surveillance 
equipment includes video and/or audio systems. The sensor equipment includes threat 
sensors and object detection sensors as described above as well as, intrusion or motion 
detection sensors and infrastructure integrity monitoring (e.g., rail track continuity 
checking or bridge structural integrity monitoring). 

The surveillance and sensor information is transmitted to the Emergency Management 
Subsystem, as are transit user activated alarms in public secure areas. On-board alarms, 
activated by transit users or transit vehicle operators are transmitted to both the Emergency 
Management Subsystem and the Transit Management Subsystem, indicating two possible 
approaches to implementing this market package. 

In addition the market package supports remote transit vehicle disabling by the Transit 
Management Subsystem and transit vehicle operator authentication. 

Existing Status 

The Triangle region has security cameras installed at some park-and=-ride facilities and a 
large percentage of the overall regional fixed-route fleet. The video is recorded on the 
vehicle on a hard drive and downloaded when an incident occurs. A current contract uses a 
third party to review recorded video of incidents and provide formal recommendations to 
the transit agency based on observed conditions.   
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TT, DATA, and CAT will have alarm systems active to alert dispatch. 

Regional Target  

The regional target is for all transit vehicles in the Triangle region to have security cameras 
installed and alarm systems connected directly to 911 for assistance during an emergency. 

Identified Gap 

The geographic gap for transit security is classified as moderate due to the number of 
vehicles not equipped, including demand response vehicles. The technological gap is 
identified as minimal. The transit security market package supports one of the three regional 
goals and one of the region’s 14 objectives shown in Appendix C (Objective 3.1).  

Table 25. Summary of Transit Security Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MINIMAL 

 

3.3.6 APTS06 – Transit Fleet Management 

Definition  

This market package supports automatic transit maintenance scheduling and monitoring. 
On-board condition sensors monitor system status and transmit critical status information 
to the Transit Management Subsystem. Hardware and software in the Transit Management 
Subsystem processes this data and schedules preventative and corrective maintenance.  

Existing Status 

Statewide maintenance software for transit agencies is available, but only Triangle Transit 
(2008) and Chapel Hill Transit (2009) have implemented the software to date.  None of the 
transit agencies have installed automatic vehicle monitoring.  Agencies are currently using 
the runcutting/scheduling/rostering application and the AVL application for vehicle 
assignments. 

Regional Target  

The regional target is for all agencies to implement the statewide software for consistency.  

Identified Gap 

The geographic gap for the region is significant since only two of the eight agencies have 
implemented the maintenance software and no agencies have implemented automatic 
vehicle monitoring. Even though statewide software exists, the technological gap is 
moderate based on the difficulty of each agency integrating the software into their existing 
operations. The transit fleet management market package supports two of the three of the 
regional goals and two of the region’s 14 objectives shown in Appendix C (Objectives 2.4 
and 3.1).  
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Table 26. Summary of Transit Fleet Management Gaps 

GAP Regional Gap 

Geographic SIGNIFICANT 

Technological MODERATE 

 

3.3.7 APTS07 – Multimodal Coordination 

Definition  

This market package establishes two way communications between multiple transit and 
traffic agencies to improve service coordination. Multimodal coordination between transit 
agencies can increase traveler convenience at transit transfer points and clusters (a 
collection of stops, stations, or terminals where transfers can be made conveniently) and 
also improve operating efficiency. Transit transfer information is shared between 
Multimodal Transportation Service Providers and Transit Agencies. 

Existing Status  

The Triangle has a regional call center that supports a regional transit trip planner. 
Currently, DATA, TT, and CAT are integrated with the same real-time information system. 
Chapel Hill Transit is using a different vendor and is not integrated. The regional call center 
also coordinates schedules and transfers between TT, CHT, DATA, and CAT. Lastly, the 
call center supports gotriangle.org, which allows users to plan multi-agency transit trips 
across the region. 

Regional Target  

The regional target is to fully integrate all of the fixed-route transit operations, real-time 
arrival, and vehicle location data.  

Identified Gap 

The geographic gap for the Triangle region is moderate based on the few facilities that are 
interconnected. The technological gap is moderate due to the expense of connecting 
facilities and the required standard data formats of each of the agencies. Not all of the 
agencies are using the same vendor for each of the transit applications. The multimodal 
coordination market package supports two of the three regional goals and four of the 
region’s 14 objectives shown in Appendix C (Objectives 2.4, 3.1, 3.2, and 3.4).  

Table 27. Summary of Multimodal Coordination Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 

 

3.3.8 APTS08 – Transit Traveler Information 

Definition  

This market package provides transit users at transit stops and on-board transit vehicles 
with ready access to transit information. The information services include transit stop 
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annunciation, imminent arrival signs, and real-time transit schedule displays that are of 
general interest to transit users. Systems that provide custom transit trip itineraries and 
other tailored transit information services are also represented by this market package. 

Existing Status  

Transit traveler information in the Triangle region is provided via agency websites, 
automatic voice annunciation systems (AVAS), and real-time passenger information 
systems. Five of the eight agencies provide passenger information and four provide AVAS. 
Chapel Hill Transit, CAT, TT, and DATA also provide arrival information via LED signs at 
specific locations. Chapel Hill Transit has DMS at 14 of its stops and on its website. CAT 
has DMS installed at four stops; TT and DATA will be installing DMS at their transfer facilities and 
other key locations. 

Regional Target  

The regional target includes AVAS on all fixed-route vehicles in the region. Additionally, 
vehicle arrival times at all stops should be provided through the web and mobile devices 
and at key stops via dynamic message signs.  

Identified Gap  

Since four of the five agencies operating fixed-route transit have sizeable deployments in 
AVAS and real-time traveler information systems, the geographic gap is minimal for the 
Triangle region. The technological gap also is minimal since most of the expansion will 
occur based on existing technology. The transit traveler information market package 
supports two of the three regional goals and four of the region’s 14 objectives shown in 
Appendix C (Objectives 2.4, 3.2, 3.4, and 3.5).  

Table 28. Summary of Transit Traveler Information Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 

 

3.3.9 APTS09 – Transit Signal Priority 

Definition  

This market package determines the need for transit priority on routes and at certain 
intersections and requests transit vehicle priority at these locations. The signal priority may 
result from limited local coordination between the transit vehicle and the individual 
intersection for signal priority or may result from coordination between transit 
management and traffic management centers. Coordination between traffic and transit 
management is intended to improve on-time performance of the transit system to the extent 
that this can be accommodated without degrading overall performance of the traffic 
network. 

Existing Status 

Currently, there is no transit signal priority (TSP) in the Triangle region. Included in the 
City of Raleigh signal system upgrade are 12 signals planned for transit signal priority. 
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Regional Target  

The regional target is to provide transit signal priority (TSP) on corridors within the region 
where ridership roadway capacity can support priority with minimal impacts to the LOS of 
the corridor.  

Identified Gap  

The geographic and technological gaps are moderate for signal priority in the region. The 
moderate level for the geographic gap is based on the limited number of corridors that are 
anticipated to benefit from TSP. The technological gap is moderate since there currently are 
no deployments of TSP in the region. The transit signal priority market package supports 
two of the three regional goals and two of the region’s 14 objectives shown in Appendix C 
(Objectives 2.4 and 3.1).  

Table 29. Summary of Transit Signal Priority Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MODERATE 

 

3.3.10 APTS10 – Transit Passenger Counter 

Definition  

This market package counts the number of passengers entering and exiting a transit vehicle 
using sensors mounted on the vehicle and communicates the collected passenger data back 
to the management center. The collected data can be used to calculate reliable ridership 
figures and measure passenger load information at particular stops. 

Existing Status 

The Triangle region has deployed a base level of automatic passenger counters (APC) on 
four of the transit agencies’ fleets. CAT has the most APC, with 49% of their buses 
equipped, while Chapel Hill Transit has equipped 34% and DATA has equipped 9% of their 
buses. 

Regional Target  

The regional target is driven by National Transit Database (NTD) reporting requirements. 
Transit agencies have developed operational procedures that allow sharing of APC between 
vehicles within the fleet to meet the NTD requirements. State funds are available to 
agencies to equip 10% of their fleet. Additionally, agencies currently own software that 
facilitates nightly downloads of data from the APC. No other regional targets associated 
with APC were identified by the stakeholders. 

Identified Gap 

The geographic and technological gaps for the Triangle region are identified as none 
because agencies currently are able to meet the NTD reporting requirements with the 
existing infrastructure. The transit passenger counter market package supports one of the 
three regional goals and one of the region’s 14 objectives shown in Appendix C (Objective 
3.1).  
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Table 30. Summary of Transit Passenger Counter Gaps 

GAP Regional Gap 

Geographic NONE 

Technological NONE 

 

3.4 Emergency Management Market Packages 

3.4.1 EM01 – Emergency Call Taking and Dispatch 

Definition 

This market package provides basic public safety call-taking and dispatch services. It 
includes emergency vehicle equipment, equipment used to receive and route emergency 
calls, and wireless communications that enable safe and rapid deployment of appropriate 
resources to an emergency. Coordination between Emergency Management Subsystems 
supports emergency notification between agencies. Wide area wireless communications 
between the Emergency Management Subsystem and an Emergency Vehicle supports 
dispatch and provision of information to responding personnel. 

Existing Status 

Each county operates a 911 center and maintains a centralized dispatch for local police and 
fire vehicles. The North Carolina State Highway Patrol (NCSHP) also operates central 
dispatch facilities in Troop C (Raleigh) for Wake and Durham Counties and Troop D 
(Greensboro) for Orange County. The Town of Cary operates a stand-alone 911 dispatch, 
but the City of Raleigh is dispatched through the Wake County facility and the City of 
Durham is dispatched through the Durham County facility. 

Regional Target  

The regional target is to provide real-time incident data among all dispatch centers and the 
transportation agencies.  

Identified Gap 

The geographic gap for the Triangle region is classified as none since the whole region has 
access to facilities with computer aided dispatch (CAD). The technological gap is minimal 
and requires consistent CAD software or a common interface through which to share real-
time incident and response information. The emergency call taking and dispatch market 
package supports all three of the regional goals and four of the region’s 14 objectives shown 
in Appendix C (Objectives 1.1, 1.3, 2.3, and 3.3).  

Table 31. Summary of Emergency Call Taking and Dispatch 
Gaps 

GAP Regional Gap 

Geographic NONE 

Technological MINIMAL 
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3.4.2 EM04 – Roadway Service Patrols 

Definition  

This market package supports roadway service patrol vehicles that monitor roads that aid 
motorists, offering rapid response to minor incidents (flat tire, accidents, out of gas) to 
minimize disruption to the traffic stream. If problems are detected, the roadway service 
patrol vehicles will provide assistance to the motorist (e.g., push a vehicle to the shoulder 
or median). The market package monitors service patrol vehicle locations and supports 
vehicle dispatch to identified incident locations. Incident information collected by the 
service patrol is shared with traffic, maintenance and construction, and traveler 
information systems. 

Existing Status 

NCDOT currently operates Incident Management Assistance Patrol (IMAP) on 114 miles of 
interstate and US routes, with a planned expansion of 16 miles. Operations are dispatched 
from the TRTMC and drivers include a combination of full-time and temporary positions. 

Regional Target  

The regional target includes expansion of IMAP to all urban freeways and adequate staffing 
through full-time positions.  

Identified Gap 

The geographic gap for roadway surface patrol is listed as moderate based on the mileage of 
freeways that currently are not patrolled and the planned highway construction. The 
technological gap is minimal, allowing the region to implement new strategies as needed. 
IMAP supports several initiatives in the region that improve safety and mobility. The 
roadway service patrols market package supports all three of the regional goals and seven of 
the region’s 14 objectives shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.3, 2.5, 3.1, and 
3.3).  

Table 32. Summary of Roadway Service Patrol Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MINIMAL 

 

3.5 Maintenance and Construction Operations Market Packages 

3.5.1 MC07 – Roadway Maintenance and Construction 

Definition  

This market package supports numerous services for scheduled and unscheduled 
maintenance and construction on a roadway system or right-of-way. Maintenance services 
would include landscape maintenance, hazard removal (roadway debris, dead animals), 
routine maintenance activities (roadway cleaning, grass cutting), and repair and 
maintenance of both ITS and non-ITS equipment on the roadway (e.g., signs, traffic 
controllers, traffic detectors, dynamic message signs, traffic signals, CCTV, etc.). 
Environmental conditions information is also received from various weather sources to aid 
in scheduling maintenance and construction activities. 
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Existing Status 

NCDOT has not implemented any advanced technology tools to manage maintenance and 
construction activities. 

Regional Target  

The regional target is to use advanced technologies to track NCDOT maintenance and 
construction vehicles to enhance response time and worker efficiency. 

Identified Gap 

The geographic and technological gaps for roadway maintenance and construction 
strategies are significant since no deployments currently support advanced technology 
solutions in managing these activities. The roadway maintenance and construction market 
package supports one of the three regional goals and two of the region’s 14 objectives 
shown in Appendix C (Objectives 2.1 and 2.4).  

Table 33. Summary of Roadway Maintenance and 
Construction Gaps 

GAP Regional Gap 

Geographic SIGNIFICANT 

Technological SIGNIFICANT 

 

3.5.2 MC08 – Work Zone Management 

Definition 

This market package manages work zones, controlling traffic in areas of the roadway where 
maintenance, construction, and utility work activities are underway. Traffic conditions are 
monitored using CCTV cameras and controlled using dynamic message signs (DMS), 
Highway Advisory Radio (HAR), gates and barriers. Work zone information is coordinated 
with other groups (e.g., Information Service Provider (ISP), traffic management, and other 
maintenance and construction centers). Work zone speeds and delays are provided to the 
motorist prior to the work zones. This market package provides control of field equipment 
in all maintenance and construction areas, including fixed, portable, and truck-mounted 
devices supporting both stationary and mobile work zones. 

Existing Status 

The region currently uses work zone management strategies on specific construction 
projects. Portable devices are deployed and permanent field equipment also is used when 
applicable for the work zone. It is important to note that although permanent devices cannot 
be used to meet traffic management strategies related to work zones, these devices can 
supplement the operations of the work zone and the surrounding network.  

Regional Target  

The regional target is focused on implementing work zone management strategies on all 
freeway construction projects and potentially with larger arterial projects.  
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Identified Gap 

Both geographic and technological gaps were identified as minimal for work zone 
management. NCDOT uses work zone management strategies on freeway projects that 
warrant the need for continuous operations of the corridor. Some geographic expansion 
could be implemented with respect to principal arterial routes if the project can benefit. 
Based on NCDOT’s experience with work zone management strategies, the technological 
gap is viewed as minimal. This minimal gap also is shown in case any of the local agencies 
decide to partner with NCDOT or implement work zone management strategies for their 
projects. The work zone management market package supports two of the three regional 
goals and three of the region’s 14 objectives shown in Appendix C (Objectives 1.2, 1.3, 
and 2.5).  

Table 34. Summary of Work Zone Management Gaps 

GAP Regional Gap 

Geographic MINIMAL 

Technological MINIMAL 

 

3.5.3 MC10 – Maintenance and Construction Activity Coordination 

Definition  

This market package supports the dissemination of maintenance and construction activity to 
centers that can utilize it as part of their operations, or to the Information Service Providers 
who can provide the information to travelers. 

Existing Status  

Currently, agencies can input maintenance and construction information into the TIMS 
database for dissemination to other users and through traveler information tools. TIMS 
allows trained users to log in to a central database and maintain incident data, whether it is 
real-time or related to planned events. Users then can query routes, counties, or other 
parameters to evaluate potential impacts to the network.  

Regional Target  

The regional target is for all incidents, planned and unplanned, to be entered into TIMS to 
provide a comprehensive view of activity in the region. This proactive entry of maintenance 
and construction activity can allow neighboring agencies and NCDOT Divisions to more 
easily coordinate impacts to the network. 

Identified Gap 

The geographic gap is identified as moderate based on the limited number of local agencies 
that currently input maintenance and construction activity on local routes. The geographic 
gap assessment also is based on the potential for inconsistent data entry from the users that 
currently have the ability. The technological gap is shown as minimal based on the need for 
upgrades to include additional users and local routes. This gap is easily met and may 
already have been accomplished by NCDOT. The maintenance and construction activity 
coordination market package supports two of the three regional goals and three of the 
region’s 14 objectives shown in Appendix C (Objectives 2.1, 3.2, and 3.5).  
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Table 35. Summary of Maintenance and Construction 
Activity Coordination Gaps 

GAP Regional Gap 

Geographic MODERATE 

Technological MINIMAL 

 

3.6 Archived Data Management Market Packages 

3.6.1 AD1 – ITS Data Mart 

Definition 

This market package provides a focused archive that houses data collected and owned by a 
single agency, district, private sector provider, research institution, or other organization. 
This focused archive typically includes data covering a single transportation mode and one 
jurisdiction that is collected from an operational data store and archived for future use. It 
provides the basic data quality, data privacy, and meta data management common to all 
ITS archives and provides general query and report access to archive data users. 

Existing Status 

There are a few individual data marts in the Triangle region. The NCDOT TIMS database 
archives incident data that is input. Also, the third parties that collect detection and probe 
data archive and make the historical data available to NCDOT. The transit partners have 
identified the need for a regional transit data mart, and it is planned for implementation in 
2010. Table 36 provides a summary of the existing data marts in the Triangle region. 

Table 36. Summary of ATIS Inventory 

Agency Data Mart  
NCDOT – TIMS 

Third Party 
– Inrix Archive 
– Speedinfo Archive 
– Traffic.com Archive 

Transit Partners – Regional Data Mart (2010 planned) 
 

Regional Target  

The regional target is to provide the capabilities to archive all collected data in some form 
of a data mart. As data is evaluated for need and accuracy, data marts will be customized to 
focus on the most beneficial data sets. The region is considering the use of archive data to 
feed Project Evaluation Measures (PEM) evaluations to support existing and future 
operations.  

Identified Gap 

Since only a few data marts currently are maintained, the geographic gap is identified as 
significant. The unknown data sets needed for PEMs and limited data marts in existence 
drive the technological gap to be classified as significant as well. The ITS data mart market 
package supports one of the three regional goals and three of the region’s 14 objectives 
shown in Appendix C (Objectives 3.2, 3.4, and 3.6).  
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Table 37. Summary of ITS Data Mart Gaps 

GAP Regional Gap 

Geographic SIGNIFICANT 

Technological SIGNIFICANT 

 

3.6.2 AD2 – ITS Data Warehouse 

Definition 

This market package includes all the data collection and management capabilities provided 
by the ITS Data Mart, and adds the functionality and interface definitions that allow 
collection of data from multiple agencies and data sources spanning across modal and 
jurisdictional boundaries. It performs the additional transformations and provides the 
additional meta data management features that are necessary so that all this data can be 
managed in a single repository with consistent formats. The potential for large volumes of 
varied data suggests additional on-line analysis and data mining features that are also 
included in this market package in addition to the basic query and reporting user access 
features offered by the ITS Data Mart. 

Existing Status  

The NCDOT TIMS database and the planned transit data mart assemble or will assemble 
multiple data sets, but neither system will merge across modes and multiple data marts. 

Regional Target  

The region has identified the need for a regional data warehouse. The data warehouse will 
merge all modes and all data sets into a single accessible interface. The warehouse will 
collect, store, and manage detector data, incident data, and agency operations data for 
transportation operations agencies. It also will integrate data sets from other modes and 
make the compiled data accessible to all transportation agencies. 

Identified Gap 

Similar to the data mart gaps, the data warehouse gaps are both significant. The data 
warehouse gap is even larger than the gap to establish each of the data marts since it 
requires interagency participation and technological consistency. The ITS data warehouse 
market package supports all three of the regional goals and all 14 of the region’s objectives 
shown in Appendix C (Objectives 1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5, 
and 3.6).  

Table 38. Summary of ITS Data Warehouse Gaps 

GAP Regional Gap 

Geographic SIGNIFICANT 

Technological SIGNIFICANT 
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4. CONSOLIDATION OF GAPS 
Moving forward, the next step involved the development of strategies for deploying each of the market 
packages identified. An example of a strategy for the incident clearance objective and the network 
surveillance portion of a strategy is to provide full coverage of closed-circuit television (CCTV) 
cameras and detectors on the freeway and major arterial systems. This strategy relates closely to the 
regional target, and the gap assessment will prescribe the level of effort needed to meet that target. Once 
projects to fill these gaps were defined, they were evaluated as part of the deployment plan. The results 
of that analysis were coordinated with the identified potential of each project to address specific 
objectives and then prioritized as part of the regional deployment plan. 

The five-point descriptor scale for the gap assessment is provided again in Table 39.  

Table 39. Five-Point Descriptor Scale for Gap Assessment 

Gap Descriptor Definition 

None The region has achieved a level of deployment comparable with their 
regional target. 

Minimal The identified gap will not require substantial efforts to meet the 
regional technological and/or geographic target.  

Moderate The region has invested in a foundation of deployments and is 
approximately 50% of the way to reaching the prescribed target.  

Significant The region has established a high regional target with little to no 
existing deployments. 

Full The region has no deployments contained within the market package 
category and identified a complete deployment as the regional target. 
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1. INTRODUCTION 
The North Carolina Triangle Regional Intelligent Transportation Systems (ITS) Architecture or 
Triangle Regional ITS Architecture is a roadmap for the integration of transportation systems for 
the Triangle Regional ITS Communications Partners over the next 25 years. The architecture has been 
developed through a cooperative effort by the region’s transportation agencies, covering all modes 
and all roads in the region. The architecture represents a shared vision of how each agency’s systems 
will work together in the future, sharing information and resources to provide a safer, more efficient, 
and more effective transportation system for travelers in the region. 

The architecture is an important tool that will be used by: 

 Operating agencies to recognize and plan for transportation integration opportunities in 
the region 

 Planning agencies to better reflect integration opportunities and operational needs into the 
transportation planning process 

 Other organizations and individuals that use the transportation system in the region 

The architecture provides an overarching framework that spans all of these organizations and 
individual transportation projects. Using the architecture, each transportation project can be viewed as 
an element of the overall transportation system, providing visibility into the relationship between 
individual transportation projects and ways to cost-effectively build an integrated transportation 
system over time. The architecture is not static, but will be revised and updated as plans change, ITS 
projects are implemented, and the ITS needs and services evolve in the region. This document, which 
describes the architecture, is a “living document” that will be updated each time the architecture is 
updated. 

This Triangle Regional ITS Architecture has been developed based on the current version of the 
National ITS Architecture Version 6.1, conforms to Federal Highway Administration (FHWA) Final 
Rule/Federal Transit Administration (FTA) Policy, 23 CFR 940. This architecture is an update of the 
initial version of the Triangle Regional ITS Architecture, which was created in 2001. 

1.1 Purpose 

The Triangle Regional ITS Architecture represents a consensus blueprint for ITS investments 
in the region. A Regional ITS Architecture starts by identifying the potential ITS agencies 
(stakeholders) within the region. It goes on to define possible integration opportunities between 
agencies in the region and identifies how cooperation between the agencies in the deployment 
of ITS systems can be used to satisfy the region’s transportation needs. 

Regional ITS Architectures can be used to efficiently structure implementations of ITS 
technologies. By creating a long range plan for the implementation of these systems and 
technologies, agencies can: 

 Prepare for future expansion 
 Develop coordinated deployment of ITS 
 Leverage funding 
 Identify standard interfaces 
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In addition to structuring implementations of ITS technologies, the Triangle Regional ITS 
Architecture allows the Triangle Region to comply with the FHWA Rule/FTA Policy on 
Architecture and Standards. The FHWA Final Rule, 23 CFR 940, (and corresponding FTA 
policy) to implement Section 5206(e) of the Transportation Equity Act for the 21st Century 
(TEA-21) requires that ITS projects funded through the Highway Trust Fund conform to the 
National ITS Architecture and applicable standards. The Rule/Policy requires that the National 
ITS Architecture be used to develop a local implementation of the National ITS Architecture, 
which is referred to as a Regional ITS Architecture. This update of the Triangle Regional ITS 
Architecture allows the identified existing and planned projects within the Triangle region to 
be fully compliant with this Rule/Policy, which will facilitate the approval of federal funds to 
support ITS projects in the Region. 

1.2 Document Overview 

This document is organized into nine sections. Section 1 provides introductory information on 
the project and discusses the scope of the architecture. Section 2 describes the process used to 
develop the Triangle Regional ITS Architecture. Section 3 gives a brief introduction and 
overview of the National ITS Architecture and how it relates to this Regional ITS Architecture. 
The stakeholders are identified in Section 4 and their systems are inventoried in Section 5. The 
needs addressed by ITS and the services used to address those needs are covered in Section 6. 
The interfaces and information exchanges are described in Section 7. Applications of the 
Regional ITS Architecture including functional requirements, standards and agreements are 
covered in Section 8, while a discussion on the maintenance of the architecture is provided in 
Section 9. 

1.3 Scope of the Architecture 

The scope defines the boundaries of the architecture. Scope covers three distinct factors: 

 Geographic Scope – The geographic area selected should consider the institutional 
boundaries of ITS in the region. Is it the boundaries of the Metropolitan Planning 
Organization (MPO) or some larger region, such as a transportation plan study area?  

 Timeframe – The architecture is a vision for the future development of ITS in the 
region. How far into the future will be considered? One consideration is the 
timeframe used by the region when developing its transportation plans. Typically 10-
20 years is standard. 

 Service Scope – Will the architecture consider all aspects of ITS or will it leave some 
(such as Commercial Vehicles Operations) to be described at a statewide level? 

The geographic scope of the Triangle Regional ITS Architecture is all of the geographic area 
covered by the Durham-Chapel Hill-Carrboro Metropolitan Planning Organization (DCHC 
MPO) and the Capital Area Metropolitan Planning Organization (CAMPO). This includes 
Orange, Durham, and Wake Counties and portions of Granville, Vance, Warren, Franklin, and 
Johnston Counties. This geographic area, called the Triangle region, is shown in Figure 1. 

The timeframe for this architecture is 25 years (2035 horizon), which is consistent with the 
DCHC MPO and CAMPO Long-Range Transportation Plan (LRTP) timeline. This means that 
the architecture addresses existing ITS systems as well as those planned for development over 
the next 25 years, although the focus of the Triangle Regional ITS Architecture will be on 
those ITS systems or elements that will be deployed over the next 5 years. Still, the Triangle 
Regional ITS Architecture represents a snapshot of the currently anticipated ITS and other 
projects based on information gathered from stakeholders, research from agency websites, and 
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published agency documents. As such, the architecture will require regular updates to ensure 
that it maintains accurate representation throughout the region, and accurate interfaces with 
each of the Regional ITS Architectures within the state. This is addressed in more detail in 
Section 9, Maintaining the Architecture. 

 

Figure 1. Triangle Regional ITS Architecture Geographic Scope 

Regarding the service scope, the Triangle Regional ITS Architecture covers those ITS services 
that are regional in nature (e.g., Transit Services, Traffic Management) as well as those 
services that are managed from and by statewide agencies such as the North Carolina 
Department of Transportation (NCDOT). Those ITS projects that are statewide in nature (e.g., 
Commercial Vehicle Operations) would be addressed in a Statewide Services ITS Architecture. 
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2. ARCHITECTURE DEVELOPMENT PROCESS 

2.1 Process to Create the Architecture 

Development of the Triangle Regional ITS Architecture relied heavily on stakeholder input to 
ensure that it reflected regional needs and plans. The following five-step process was used to 
develop the Triangle Regional ITS Architecture: 

 Create an initial draft inventory of architecture elements and a draft set of customized 
ITS Services. 

 Conduct a stakeholder workshop to review specific areas of interest or specific 
projects. 

 Create a draft Regional ITS Architecture for review. 
 Allow stakeholder review of the draft Regional ITS Architecture. 
 Finalize the ITS architecture based on review comments. 

2.1.1 Creation of an Initial Inventory and Services 

An initial draft set of ITS elements, services, and interconnections were created based 
upon a review of existing documentation regarding the Triangle region’s ITS projects. 
This initial draft set was further refined at the kickoff meeting. 

The Triangle Regional ITS Architecture elements identified and defined through this 
review were mapped to National ITS Architecture Version 6.1 entities (subsystems and 
terminators). This created an initial inventory for the Triangle region mapped to the 
National ITS Architecture entities. The existing and planned ITS projects were used to 
establish an initial list of services that the elements of the architecture would provide. The 
elements, the element definitions, and their mapping to National ITS Architecture entities 
were entered into the software tool Turbo Architecture, Version 4.1. 

For each existing or future ITS service operating or expected in the region, the market 
package diagram (the collection of ITS elements, equipment packages, and functions that 
work together to perform a specific ITS service) for that service from the National ITS 
Architecture was edited so that each National ITS Architecture subsystem or terminator 
was associated with the local stakeholder element name. In some cases, multiple 
instances of the market package were developed where the service had more than one 
instance in the region. This would be the case if there were multiple agencies performing 
the same service within the region. This set of customized market packages, discussed 
further in Section 7, using the draft elements created previously, was created in 
preparation for stakeholder outreach so that each could be reviewed and further refined 
based on actual operating procedures or theories for each agency. 

2.1.2 Stakeholder Workshop 

A stakeholder workshop was held August 17-18, 2009 at the NCDOT Triangle Regional 
Traffic Management Center (RTMC) with various stakeholders to review specific 
regional ITS projects. The stakeholder meeting began with an overview of the National 
ITS Architecture and Regional ITS Architecture and the identification of ITS needs for 
the region so that stakeholders would understand and be able to more fully participate in 
the ITS Architecture development process. Stakeholders were introduced to ITS 
Architecture, how it should be used, and how to approach the development of the 
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Triangle Regional ITS Architecture. This included a brief discussion on the services 
planned at the regional level and how they fit into the Triangle Regional ITS 
Architecture. The second half of the workshop was spent reviewing and modifying the 
customized market package diagrams. Additionally, workshops were conducted with 
highway and transit representatives to review revised market packages in a more focused 
working group.  

2.1.3 Creation of a Draft Architecture for Review 

Following the stakeholder workshop, the customized market packages were revised and a 
draft architecture was created. Using the customized market package diagrams, the Turbo 
Architecture database was used to create a draft ITS architecture. This involved the 
following activities: 

 Updating ITS inventory and stakeholders when necessary 
 Revising customized market packages 
 Creating a Turbo Architecture database that represents the sum of all of the 

customized market packages 
 

Stakeholders were notified at the meeting that a review period for the Triangle Regional 
ITS Architecture had commenced and were encouraged to review the Regional ITS 
Architecture and provide feedback via a website. Comments received during the course 
of this project were summarized and maintained in a database along with its disposition. 

2.1.4 Finalize the Architecture Based on Review Comments 

Following the review period, the draft architecture was revised based on comments and 
further stakeholder discussions after the workshop. The draft architecture and its 
documentation were updated as the final deliverables for the updated Triangle Regional 
ITS Architecture. 

2.2 Requirements of the Final FHWA Rule and FTA Policy on Architecture 

2.2.1 Specific Requirements of the Final FHWA Rule and FTA Policy 

The FHWA Final Rule (23CFR 940) and FTA Policy on Intelligent Transportation 
System Architecture and Standards, which took effect on April 8, 2001, defines a set of 
requirements that Regional or Statewide ITS Architectures shall meet. The following is a 
list of specific requirements from the FHWA Rule/FTA Policy: 

1. A description of the region (scope) 
2. Identification of participating agencies and their systems (inventory) 
3. Operations concepts 
4. Agreements required for implementation 
5. System functional requirements 
6. Interface requirements 
7. Identification of ITS Standards 
8. Sequence of projects required for implementation 
9. Develop a process for maintaining your regional ITS architecture 
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2.2.2 How the Final Rule and FTA Policy Requirements are Met 

Table 1 shows how the requirements of the rule are met by the outputs developed for the 
Triangle Regional ITS Architecture. 

Table 1. Mapping of FHWA Rule/FTA Policy Requirements to ITS Architecture Outputs 

Regional ITS Architecture Requirements Where Requirements Are Documented 

1. Description of region Geographic definition, identification of services and a 
timeframe are given in Section 1.3 of this document. 

2. Identification of participating agencies 
and other stakeholders 

Listing of stakeholders and their definitions is given in 
Section 4.2 of this document. An inventory of the 
elements operated by the stakeholders is contained in 
Section 5 of this document. The same information is also 
available in the hyperlinked web site and in the Turbo 
Architecture database. 

3. An operational concept that identifies the 
roles and responsibilities of participating 
agencies and stakeholders  

The operational concept is defined in Section 4.3 of this 
document. 

4. A list of any agreements (existing or new) 
required for operations 

A complete discussion of existing and potential 
agreements is given in Section 8.4 of this document. 

5. System functional requirements The functional requirements of the ITS systems are 
described in an overview in Section 8.2 of this document. 
They are also provided in detail in the hyperlinked web 
site and in the Turbo Architecture database. 

6. Interface requirements and information 
exchanges with planned and existing 
systems and subsystems  

The interfaces and information flows are described in an 
overview in Section 7 of this document, and are described 
in detail in the hyperlinked web site and in the Turbo 
Architecture database.  

7. Identification of ITS standards supporting 
regional and national interoperability 

The identification of standards for ITS for the region is 
contained in Section 8.3 of this document. 

8. The sequence of projects required for 
implementation 

Projects and their sequencing are covered in Section 8.1 
of this document. 

9. Develop and implement procedures and 
responsibilities for maintaining the 
architecture as needs evolve within the 
region. 

The Maintenance Plan is contained in a separate 
document. 
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3. ITS ARCHITECTURE CONCEPTS 
The Triangle Regional ITS Architecture is an example of a Regional ITS Architecture, which has 
been defined by FHWA Rule 940 as a “regional framework for ensuring institutional agreement and 
technical integration for implementation of ITS projects.” Regional ITS architectures, including the 
Triangle Regional ITS Architecture, are developed in order to provide a guide for the integration of 
transportation systems. The Triangle Regional ITS Architecture is based upon the US National ITS 
Architecture Version 6.1. A complete description of this architecture can be found at 
http://www.iteris.com/itsarch. ITS architecture is comprised of the following: 

 Organizations 
 Systems operated 
 Services provided 
 Functions performed 
 Information exchanged 

 

Stakeholders are the organizations that operate systems in the region covered by the architecture. 
These are public agencies, private organizations, or the traveling public with a vested interest in one 
or more transportation elements within a regional ITS architecture. 

The systems operated by the stakeholders are referred to as elements. In the Triangle Regional ITS 
Architecture, the elements represent actual systems such as the NCDOT Statewide Traffic Operations 
Center (STOC). An element may also represent field devices such as the element NCDOT Traffic 
Signals. A more thorough discussion of the architecture elements is contained in Section 5. The 
Triangle Regional ITS Architecture uses a set of common terms drawn from the National ITS 
Architecture to describe the parts of the architecture. Since these National ITS Architecture terms 
show up repeatedly in a later discussion, they are defined here. 

The National ITS Architecture uses two terms to describe the systems that make up an architecture. 
They are: 

 Subsystems represent the primary systems described by the architectures. For example, the 
Transportation Management Center (TMC) element mentioned above represents a Regional 
ITS Architecture example of the Traffic Management Subsystem defined in the National 
ITS Architectures. Version 6.1 of the National ITS Architecture has 22 subsystems defined. 

 Terminators represent systems that are on the boundary of the architecture. In general only 
interfaces to the terminators are described in the national architectures. An example of a 
terminator from the National ITS Architecture is the Weather Service. Version 6.1 of the 
National ITS Architecture has 76 terminators defined. 

 

As part of developing a Regional ITS Architecture, each element of the region is mapped to the 
subsystems and/or terminators that most closely define the functions of the element. This mapping 
allows the regional version to use the details associated with the subsystems and terminators in the 
National ITS Architecture. For example, the element in the Triangle Regional ITS Architecture called 
National Weather Service is mapped to the National ITS Architecture terminator Weather Service. 

The information exchanged between elements in the Regional ITS Architecture or between 
subsystems and terminators in the National ITS Architecture is described by information flows or 
architecture flows. There are hundreds of these flows defined in the National ITS Architecture. It is 
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this information that is used to create the interface definitions in the Regional ITS Architecture. For 
example, in Figure 2, the top two boxes show an interface between two subsystems, with its 
information flows defining the exchange of information. A corresponding interface in Regional ITS 
Architecture is shown in the bottom two boxes. 

 

Figure 2. Information Flows 

By mapping the Regional ITS Architecture elements (e.g., NCDOT Triangle Regional Traffic 
Management Center (RTMC)) to National ITS Architecture subsystems (e.g. Traffic Management 
Subsystem), the interfaces defined in the National ITS Architecture can be used as the basis for 
defining the interfaces in the Regional ITS Architecture. 

The next key concept used by the architectures is that of market packages. These represent slices of 
an architecture that provide a transportation service. In the National ITS Architecture, these market 
packages are combinations of subsystems and information flows that are used to provide the service. 
An example of a National ITS Architecture market package is shown in Figure 3. This shows the 
subsystems and information flows that perform the monitoring and control of roadway devices from a 
traffic management system used to control a street network. In the development of Regional ITS 
Architecture, a set of customized market packages were created that define the elements and 
interfaces used to provide the service in Regional ITS Architecture. 
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Figure 3. Example of National ITS Architecture Market Package 

Figure 4 shows one of the customized market packages for the NCDOT control of NCDOT Traffic 
Signals. This diagram shows how the NCDOT project might implement this service. 
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Figure 4. Example of a Customized Market Package 

Notice that the customized market package includes only some of the interfaces that were in the 
National ITS Architecture market package. It does not include interfaces to personnel or humans. The 
focus of the Triangle Regional ITS Architecture is on data interfaces between systems and not with 
people, thus these interfaces were not included. 

The National ITS Architecture has the concept of an equipment package, which defines a piece of 
functionality within a subsystem. For example, in Figure 3, Collect Traffic Surveillance is a function, 
or equipment package, that is performed by the Traffic Management Subsystem in performing the 
Surface Street Control Service. In the Regional ITS Architecture, functions have been identified for 
the key elements by mapping equipment packages to each element. For example, the NCDOT 
Triangle RTMC will implement the Collect Traffic Surveillance equipment package. Further 
information regarding how functions are defined for each element is found in Section 8.2 Functional 
Requirements. 
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4. IDENTIFICATION OF STAKEHOLDERS 

4.1 Champion 

In order to successfully develop a Regional ITS Architecture, it is necessary to have a 
champion who can lead the effort from the state’s viewpoint. This champion should have the 
following skills/capabilities: 

 A vision for interconnectivity, partnership, and regional integration 
 Knowledge of the local and regional ITS systems and projects 
 Understand what a regional ITS architecture is and how to use it most effectively in the 

planning process 
 A consensus builder or facilitator 
 Executive level access to resources in order to gain the support of various regional or 

statewide agencies 
 

The champion for development of the Triangle Regional ITS Architecture is the Triangle ITS 
Communications Partners. 

4.2 Stakeholders 

Stakeholder coordination and involvement is one of the key elements of the development of an 
ITS architecture. Because ITS often transcends traditional transportation infrastructure, it is 
important to consider a range of stakeholders beyond the traditional traffic, transit, and 
maintenance areas. 

The Regional ITS Architecture includes a wide range of stakeholders. The Regional ITS 
Architecture is defined by a set of elements that is owned, operated, or maintained by a 
stakeholder. Appendix A provides a listing of the full range of stakeholders assigned to 
elements in the Regional ITS Architecture. The table provides a name and description of the 
agency, department, or organization represented by the stakeholder. 

The stakeholders listed in Appendix A represent a mix of specific agencies or organizations 
and generic names used to represent a variety of stakeholders. Examples of specific agencies or 
organizations would be North Carolina Division of Emergency Management. An example of a 
generic stakeholder name would be Local Traffic Management, which represents all local 
agencies or authorities responsible for managing traffic either at a regional, county, or 
municipal level. 

4.3 Operational Concept 

An Operational Concept identifies each stakeholder’s current and future roles and 
responsibilities across a range of transportation services in ITS operations in the region. The 
services covered by the Triangle Regional ITS Architecture are: 

 Archive Data Management – the development of systems to collect transportation 
data for use in non-operational purposes (e.g. planning and research). 

 Commercial Vehicle Operations – the development of systems to administer permits, 
check credentials and safety information, and enforce commercial vehicle regulations 
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throughout the state so as to make it safer to operate a private or commercial vehicle on 
the state roadways. 

 Electronic Toll Collection – the development of systems for performing electronic toll 
collection.  

 Emergency Management – the development of systems to provide emergency call 
taking, public safety dispatch, and emergency operations center (EOC) operations. 

 Freeway Management – the development of systems to monitor freeway traffic flow 
and roadway conditions and provide strategies such as ramp metering or lane access 
control to improve the flow of traffic on the freeway. Includes systems to provide 
information to travelers on the roadway. 

 Incident Management – the development of systems to provide rapid and effective 
response to incidents. Includes systems to detect and verify incidents, along with 
coordinated agency response to the incidents. 

 Maintenance and Construction Management – the development of systems to 
manage the maintenance of roadways in the region, including winter snow and ice 
clearance. Includes the managing of construction operations. 

 Parking Management – provides electronic monitoring and management of parking 
facilities. It allows electronic collection of parking fees, monitors parking lot usage, and 
provides local information about parking availability and other general parking 
information. 

 Surface Street Management – the development of signaling systems that react to 
changing traffic conditions and provide coordinated intersection timing over a corridor, 
an area, or multiple jurisdictions. 

 Transit Management – the development of systems to efficiently manage fleets of 
transit vehicles or transit rail. Includes systems to provide transit traveler information 
both pre-trip and during the trip as well as electronic fare payment systems used on 
transit vehicles. 

 Traveler Information – the development of systems to provide static and real time 
transportation information to travelers. 

 

Appendix B identifies the roles and responsibilities of key stakeholders for the specified range 
of transportation services. 
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5. ITS SYSTEMS INVENTORY 
Each stakeholder owns, operates, maintains, or plans ITS systems in the region. The Triangle 
Regional ITS Architecture inventory is a list of elements that represent all existing and planned ITS 
systems in a region as well as non-ITS systems that provide information to or get information from 
the ITS systems. The focus of the inventory is on those systems that support or may support interfaces 
that cross stakeholder boundaries (e.g., inter-agency interfaces, public/private interfaces). 

The vast majority of the inventory represents ITS systems within the Triangle region but the 
inventory does contain some elements that represent federal, state, and private systems. An example 
of a statewide system element would be the NCDOT 511 System, which represents an existing 
statewide system for traveler information. The significance of having the statewide system in the 
Regional ITS Architecture is that it would interface with the regional system such as the NCDOT 
Triangle Regional Traffic Management System (RTMC). 

Each element in the inventory is described by a name, the associated stakeholder, a description, 
general status (e.g., existing or planned), and the associated subsystems or terminators from the 
National ITS Architecture that the element is mapped to for modeling purposes. 

5.1 Systems by Stakeholder 

Appendix C sorts the inventory by stakeholder so that each stakeholder can easily identify all 
the relevant elements that are defined in the architecture. For each element in the inventory, the 
table provides an element description and an indication of whether the element exists or is 
planned. 

The majority of elements in the inventory represent a specific existing or planned system. 
Some examples of specific systems are the NCDOT Triangle Regional Traffic Management 
Center and NCDOT Statewide Traffic Operations Center (STOC). 

Some of the elements represent sets of devices rather than a single specific system or device. 
An example of this type of element is the element NCDOT DMS. This element represents all 
of the DMS that are operated by NCDOT. The element describes the type of field device, not 
the specific number of devices. 

A third type of element in the inventory is a generic element that represents all of the systems 
of a certain type in the region. An example of this type of element is local police/sheriff 
dispatch, which represents the police or sheriff dispatch functions at the municipal or county 
level. These generic elements have been created for two primary reasons. First, they represent 
elements with similar types of interfaces. From a standardization standpoint, describing how 
one of the major elements in the region (e.g., the NCDOT Triangle Regional Traffic 
Management Center (RTMC)) interfaces with various public safety dispatch functions would 
be the same. Second, describing many systems with a single element helps keep the 
architecture from growing too large. 

5.2 Systems by Architecture Entity 

Each element in the Triangle Regional ITS Architecture inventory is mapped to one or more 
entities from the National ITS Architecture. In Version 6.1 of the National ITS Architecture, 
there are 98 entities defined. These 22 subsystems and 76 terminators describe a wide array of 
systems that provide ITS services or interface with systems that provide ITS services. The 
mapping of Regional ITS Architecture elements to National ITS Architecture entities has two 
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primary benefits. First, it allows the full set of information flows contained in the National ITS 
Architecture to be used in the description of Regional ITS Architecture interfaces. Secondly, it 
allows the elements of the Regional ITS Architecture to be grouped by like entity. 

Appendix D sorts inventory elements by entity. This table allows the users of the architecture 
to immediately identify all the elements that have functions relating to transit management, 
traffic management, or any other subsystem or terminator defined by the National ITS 
Architecture. 

The Triangle Regional ITS Architecture inventory contains the following number of elements 
mapped to different types of entities (note that some elements are mapped to more than one 
entity since they perform functions that are covered by more than one entity in the National 
ITS Architecture): 

 Archived Data Management: 11 
 Emergency Management: 27 
 Information Service Providers: 7 
 Maintenance and Construction Management: 11 
 Roadway Subsystem: 29 
 Traffic Management: 10 
 Transit Management: 23 
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6. ITS SERVICES 
The ITS systems in the Triangle Region currently provide a variety of transportation services and that 
list will grow as more systems are developed or upgraded. The current and planned services can be 
described by the set of market packages that are shown in Table 2. Appendix E includes all of the 
customized market packages. This set of services is a subset of the services contained in the National 
ITS Architecture, and represent all of the selected services based on information gathered at 
stakeholder meetings, needs assessments, and from the review of planning documents. Each of the 
market packages is currently implemented or planned for implementation on a very small scale 
throughout the region. For some services, there are one or more stakeholders who have implemented 
a service while it is planned for the other stakeholders. In this case the service will be listed as 
“existing” to show that some implementation of the service is taking place in the region. 

Table 2. Selected Market Packages 

Market Package Market Package Name Status 

AD1 ITS Data Mart Planned 
AD2 ITS Data Warehouse Planned 
APTS01 Transit Vehicle Tracking Existing 
APTS02 Transit Fixed-Route Operations Existing 
APTS03 Demand Response Transit Operations Existing 
APTS04 Transit Fare Collection Management Planned 
APTS05 Transit Security Planned 
APTS06 Transit Fleet Management Planned 
APTS07 Multi-modal Coordination Planned 
APTS08 Transit Traveler Information Existing 
APTS09 Transit Signal Priority Planned 
APTS10 Transit Passenger Counting Existing 
ATIS01 Broadcast Traveler Information Existing 
ATIS02 Interactive Traveler Information Planned 
ATMS01 Network Surveillance Existing 
ATMS02 Traffic Probe Surveillance Existing 
ATMS03 Surface Street Control Existing 
ATMS04 Freeway Control Existing 
ATMS06 Traffic Information Dissemination Existing 
ATMS07 Regional Traffic Management Existing 
ATMS08 Traffic Incident Management System Existing 
ATMS09 Traffic Decision Support and Demand Management Planned 
ATMS10 Electronic Toll Collection Planned 
ATMS13 Standard Railroad Grade Crossing Planned 
ATMS16 Parking Facility Management Planned 
ATMS18 Reversible Lane Management Planned 
CVO10 HAZMAT Management Planned 
EM01 Emergency Call-Taking and Dispatch Existing 
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Table 2. Selected Market Packages 

Market Package Market Package Name Status 
EM02 Emergency Routing Existing 
EM04 Roadway Service Patrols Existing 
EM05 Transportation Infrastructure Protection Planned 
EM06 Wide-Area Alert Planned 
EM07 Early Warning System Planned 
EM08 Disaster Response and Recovery Planned 
EM09 Evacuation and Reentry Management Planned 
EM10 Disaster Traveler Information Planned 
MC01 Maintenance and Construction Vehicle and Equipment Tracking Planned 
MC02 Maintenance and Construction Vehicle Maintenance Planned 
MC03 Road Weather Data Collection Planned 
MC07 Roadway Maintenance and Construction Existing 
MC08 Work Zone Management Planned 
MC10 Maintenance and Construction Activity Coordination Planned 
*Note: Not all of these market packages are included in the Gap Assessment or align with identified projects. 
They are included in the Architecture to capture existing deployments or to allow for possible future projects.  

Incident Management, identified as ATMS08 in the above table, is one of the key services that are 
planned throughout the Triangle region and the entire United States. Although it is technically called 
Traffic Incident Management, and identified numerically in the National ITS Architecture as 
ATMS08, a broader view of this service includes several market packages, including: 

 ATMS03 – Surface Street Control 
 ATMS04 – Freeway Control 
 ATMS06 – Information Dissemination 
 ATMS07 – Regional Traffic Control 
 ATMS08 – Traffic Incident Management 
 EM1 – Emergency Call-Taking and Dispatch 
 EM2 – Emergency Routing 

 

As indicated by Table 2 above, all of these services are identified as existing or planned for the 
Triangle Regional ITS Architecture. 
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7. INTERFACES AND INFORMATION EXCHANGES 
The ITS Services desired for the region and the ITS elements to provide those services have been 
identified. This step determines what ITS elements have to be interconnected and what information 
must be shared between those ITS elements to provide those ITS Services. The interface definitions 
should build on the operational concepts defined in the previous step. 

7.1 Top Level Regional System Interconnect Diagram 

A system interconnect diagram, or “sausage diagram,” shows the systems and primary types of 
interconnections in the region. The National ITS Architecture interconnect diagram has been 
customized for the Triangle Region based on the information gathered from the stakeholders 
and system inventory. Figure 5 on the following page summarizes the existing and planned 
ITS elements for the region in the context of a physical interconnect. Elements and their 
primary associated National ITS Architecture entity are called out in the boxes surrounding the 
main interconnect diagram. In the center of the figure, the rectangles represent the subsystems 
of the National ITS Architecture. The terminators are shown in yellow on the right side of the 
diagrams below. Terminators include entities such as Care Facilities, which maps to Regional 
Medical Centers. 

The diagram also identifies the three basic types of communications used to interconnect the 
elements of the architecture. These communications types are defined as: 

 Fixed Point to Fixed Point Communications – a communications link serving 
stationary sources. It may be implemented using a variety of public or private 
communications networks that may physically include wireless as well as wireline 
infrastructure. Both dedicated and shared communications resources may be used. 

 Wide Area Wireless Communications – a communications link that provides 
communications via a wireless device between a user and an infrastructure-based 
system. Both broadcast and interactive communications services are grouped into wide-
area wireless communications. These links support a range of services including real-
time traveler information and various forms of fleet communications. 

 Dedicated Short Range Communications – a wireless communications channel used 
for close-proximity communications between vehicles and the immediate infrastructure. 
It supports location-specific communications for ITS capabilities such as toll collection, 
transit vehicle management, driver information, automated commercial vehicle 
operations, and signal pre-emption or priority. 
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Figure 5. Triangle Regional ITS Architecture Interconnect Diagram
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7.2 Customized Market Packages 

The market packages identified in the National ITS Architecture (see Section 3) have been 
customized to reflect the unique systems and connections within the state, as well as connections 
to federal systems. Each market package can be shown graphically, with the market package 
name, the entity from the National ITS Architecture, and the specific Triangle region elements 
associated with the entity. In addition, the market packages show the information flows that are 
exchanged (or will be exchanged) between elements. 

Cary
C-Tran Dispatch Center

Cary
C-Tran Demand Responsive Vehicles

Cary
C-Tran Fixed Route Vehicles

transit vehicle location data
transit vehicle schedule performance

transit vehicle location data
transit vehicle schedule performance

Planned
 

Figure 6. Example Customized Market Package 

Figure 6 is an example of an APTS market package for Transit Vehicle Tracking that has been 
customized for the C-Tran. This market package shows the two subsystems, Transit Management 
and Transit Vehicle, and the associated elements. Information flows between the subsystems 
indicate what information is being shared. 

7.3 Regional ITS Architecture Information Flows 

While it is important to identify the various systems and stakeholders as part of a Regional ITS 
Architecture, a primary purpose of the architecture is to identify the connectivity between 
transportation systems in the region. The market packages from the National ITS Architecture 
represent services that can be deployed as an integrated capability and the customized market 
package diagrams show the information or architecture flows between the subsystems and 
terminators that are most important to the operation of the market packages. How these systems 
interface with each other is an integral part of the overall architecture. 

There are 199 different elements identified as part of the Triangle Regional ITS Architecture. 
These elements include municipal traffic operations centers, regional traffic management centers, 
transit dispatch centers, transit vehicles, public safety dispatch centers, media outlets, and others –
essentially all of the existing and planned physical components that contribute to the state’s 
intelligent transportation system. Interfaces have been defined for each element in the 
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architecture. For example, the NCDOT 511 System has planned interfaces with 16 other elements 
in the region ranging from field equipment to transit centers. 

The Triangle Regional ITS Architecture defines a total of 809 interfaces from one element to 
another. A list of the interfaces that have been defined for the Triangle Regional ITS Architecture 
can be found by opening the Turbo Architecture database, clicking on the Interfaces tab, and 
selecting the Connect button. Figure 7 below is a screenshot of the Turbo Architecture database 
showing the list of interfaces. 

 

Figure 7. Example List of Interconnects 

Architecture flows between elements define specific information that is exchanged by the 
elements. Each architecture flow has a direction, name and definition. Most of the architecture 
flows match ones from the National ITS Architecture. The mapping of elements to National ITS 
Architecture entities allowed the developers to match the architecture flows to the appropriate 
interfaces. In some cases, new user-defined flows have been created for interfaces or connections 
that are not expressed in the National ITS Architecture. User defined flows have a “_ud” at the 
end of the flow name to indicate they are user defined. These architecture flows define the 
interface requirements between the various elements in the Regional ITS Architecture. 
Considering a source element, architecture flow, destination element triplet, the Triangle 
Regional ITS Architecture defines 3530 of these triplets. 

A list of the architecture flows that have been defined for the Triangle Regional ITS Architecture 
can be found by opening the Turbo Architecture database, clicking on the Interfaces tab, and 
selecting the Flows button. A screenshot of the list of architecture flows between the elements is 
shown in Figure 8. 
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Figure 8. Example List of Architecture Flows 
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8. THE APPLICATION OF THE TRIANGLE REGION REGIONAL ITS 
ARCHITECTURE 

The previous sections of the document defined the components of the Regional ITS Architecture. 
However, the most important part of developing an ITS architecture is establishing an approach to using 
it. An ITS architecture provides guidance for planning ITS projects within a region. Planning processes 
are used to identify projects whose implementation will respond to state needs. Within the SDP 
development, the regional ITS architecture serves as a bridge between regional goals and objectives and 
the ITS projects identified. By defining the ITS Architecture with services that address the goals and 
objectives, projects can be defined through the planning and deployment processes. Projects are the 
realization of an ITS architecture.  

8.1 Projects 

The incorporation of a regional ITS architecture in an agency’s project development planning 
process will ultimately yield projects that are linked to the ITS architecture. Through the 
deployment of projects produced from the planning process, the services supported in the ITS 
architecture will be implemented and made a reality in the transportation system. Project 
implementation completes the evolution from refining transportation needs into services, 
functional descriptions in the ITS architecture, project identification in the planning process, and 
project definition and deployment. The overarching goal of the ITS architecture development 
process is that this evolution takes place with the maximum amount of integration knowledge 
possible, so as to efficiently and economically implement the ITS systems required to serve the 
transportation community and users. 

Key to this process or evolution is to understand what dependencies or relationships exist 
between systems and projects so that an order can be identified for deployment. Given the 
importance of integrating ITS, the dependencies of one system on another or one project on 
another, it is critical to view the entire transportation system at a high functional level. The ITS 
architecture provides this view point and makes possible the understanding of the relationships 
between the ITS systems in the region. 

Projects were identified based on the stakeholder defined goals and objectives and through 
stakeholder feedback specific to projects. These projects were evaluated as of the SDP 
development so they can be programmed and integrated within the regional planning process. The 
projects are presented in the Project Evaluation and Prioritization Report and included within a 
project evaluation matrix as shown in Figure 9. Several of the project categories included allow 
the Triangle Communication Partners to sort by specific project traits such as route, MPO, and 
even county. All of the categories included within the Evaluation matrix are listed below.  

• ID. This is a unique project identification that is formatted for naming projects statewide.  

• Project Description. The field provides a more detailed description of the project. 

• Route or Transit Agency. Identifies the route for highway projects or the transit agency 
for APTS projects. 

• County. Specifies the county or counties in which the project is located. 

• MPO. Identifies the MPO jurisdiction where the project is located. 

• Project Type. Defines projects as preservation, transit, or highway in category. 
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• Architecture Market Packages. Maps the proposed ITS project to a transportation 
service (customized market package) identified in the Triangle Regional ITS 
Architecture. 

• User Service Category. Maps the project to the corresponding user service as defined by 
the National ITS Architecture. 

 

Figure 9. Screenshot of Project Evaluation Matrix 

8.2 Functional Requirements 

Functional requirements are a description of the functions or activities that are currently 
performed by the ITS elements or that are planned to be performed in the future. For the Triangle 
Regional ITS Architecture, these functions have been developed by using the functional 
assignments underlying the National ITS Architecture and the mapping from transportation 
services to the elements. 

In the National ITS Architecture, a Market Package is defined by subsystems, equipment 
packages, and architecture flows, which operate together to perform a particular transportation 
service (see Section 3 above). Equipment Packages represent pieces of a subsystem that perform 
a single function. (NOTE: there are no equipment packages defined for the Terminators of the 
National ITS Architecture since they represent systems on the boundary of the architecture and, 
therefore, do not have functional descriptions within the architecture.) For example, the Surface 
Street Control (ATMS03) market package is composed of the three Traffic Management 
Subsystem equipment packages: Collect Traffic Surveillance, TMC Signal Control and Traffic 
Maintenance; and three Roadway Subsystem equipment packages: Roadway Basic Surveillance, 
Roadway Signal Control and Roadway Equipment Coordination. The definitions of these six 
equipment packages, copied from version 6.1 of the National ITS Architecture, are: 
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• Collect Traffic Surveillance – This equipment package remotely monitors and 
controls traffic sensors and surveillance (e.g., CCTV) equipment, and collects, 
processes, and stores the collected traffic data. Current traffic information and other 
real-time transportation information also are collected from other centers. The 
collected information is provided to traffic operations personnel and made available 
to other centers. 

• TMC Signal Control – This equipment package provides the capability for traffic 
managers to monitor and manage the traffic flow at signalized intersections. This 
capability includes analyzing and reducing the collected data from traffic 
surveillance equipment and developing and implementing control plans for 
signalized intersections. Control plans may be developed and implemented that 
coordinate signals at many intersections under the domain of a single traffic 
management subsystem, are responsive to traffic conditions, and adapt to support 
incidents, preemption and priority requests, pedestrian crossing calls, etc. 

• Traffic Maintenance – This equipment package monitors the operational status of 
field equipment and detects failures. It presents field equipment status to Traffic 
Operations Personnel and reports failures to the Maintenance and Construction 
Management Subsystem. The equipment package tracks the repair or replacement 
of the failed equipment. The entire range of ITS field equipment may be monitored 
by this equipment package including sensors (traffic, infrastructure, environmental, 
security, speed, etc.) and devices (highway advisory radio, dynamic message signs, 
automated roadway treatment systems, barrier and safeguard systems, cameras, 
traffic signals and override equipment, ramp meters, beacons, security surveillance 
equipment, etc.). 

• Roadway Basic Surveillance - This equipment package monitors traffic conditions 
using fixed equipment such as loop detectors and CCTV cameras. 

• Roadway Signal Controls – This equipment package includes the field elements 
that monitor and control signalized intersections. It includes the traffic signal 
controllers, signal heads, detectors, and other ancillary equipment that supports 
traffic signal control. It also includes field masters and equipment that supports 
communications with a central monitoring and/or control system, as applicable. The 
communications link supports upload and download of signal timings and other 
parameters and reporting of current intersection status. This equipment package 
represents the field equipment used in all levels of traffic signal control from basic 
actuated systems that operate on fixed timing plans through adaptive systems. It 
also supports all signalized intersection configurations, including those that 
accommodate pedestrians. 

• Roadway Equipment Coordination – This equipment package supports direct 
communications between field equipment. It includes field elements that control 
and send data to other field elements. This includes coordination between remote 
sensors and field devices (e.g., Dynamic Message Signs) and coordination between 
the field devices themselves (e.g., direct coordination between traffic controllers 
that are controlling adjacent intersections.). 

 

The approach used in the Triangle Regional ITS Architecture was to begin with the mapping of 
equipment packages to elements, based on the mapping of elements to market packages within 
the architecture, as an initial definition of the functions being performed by each element. Then 
this mapping was customized in the Turbo Architecture tool to provide a more accurate picture of 
the functions performed by each element. The Turbo Architecture tool also contains a detailed 
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mapping of functional requirements to each equipment package. This mapping to functional 
requirements has been selected so that detailed functional requirements for each element are 
available for use in project definition. 

8.3 ITS Standards 

The following subsections provide a short discussion of ITS standards and their relation to the 
Regional ITS Architecture. 

8.3.1 Discussion of Key Standards for the Region 

ITS standards establish a common way in which devices connect and communicate with 
one another. This allows transportation agencies to implement systems that cost-effectively 
exchange pertinent data and accommodate equipment replacement, system upgrades, and 
system expansion. Standards benefit the traveling public by providing products that will 
function consistently and reliably throughout the region. ITS standards contribute to a safer 
and more efficient transportation system, facilitate regional interoperability, and promote an 
innovative and competitive market for transportation products and services. 

The National ITS Architecture is the reference framework that spans all ITS standards 
activities and provides a means of detecting gaps, overlaps, and inconsistencies between the 
standards. The National ITS Architecture provides a starting point for standards- 
development activities by identifying the applicable architecture flows and data flows to be 
standardized in the National ITS Architecture and the way in which the information is 
exchanged across those interfaces. Figure 10 shows the interfaces in the National ITS 
Architecture that are addressed by one or more family of ITS Standards. 
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Figure 10. Relationship Between the National ITS Architecture and ITS Standards 
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The use of ITS standards is very important to project development in the Triangle region. 
Table 3 identifies the ITS standards that are potentially applicable within the region, as 
determined by the Triangle Regional ITS Architecture. This table was created by taking the 
standards information available in the Turbo Architecture database, which identifies 
standards applicable to each architecture flow, and taking the total set of standards that 
result from all the architecture flows selected in the Triangle Regional ITS Architecture. 

Table 3 provides a list of the currently available ITS standards that may be applicable to the 
region. The table lists the abbreviation of Standards Development Organization (SDO) in 
the first column, the name of the standard in the second column and the standard 
identification number in the third column. Regular updates of SDO activities will help 
ensure that the latest standards are utilized. The SDOs involved in the development of ITS 
standards that are listed in Table 3 include: 

• American Association of State Highway and Transportation Officials (AASHTO) 
• American National Standards Institute (ANSI) 
• American Public Transportation Association (APTA) 
• American Society for Testing and Materials (ASTM) 
• Institute of Electrical and Electronics Engineers (IEEE) 
• Institute of Transportation Engineers (ITE) 
• National Equipment Manufacturers Association (NEMA) 
• Society of Automotive Engineers (SAE) 

 

Table 3. Applicable ITS Standards 

SDO Standard Title Standard Doc ID

AASHTO/ITE Traffic Management Data Dictionary and Message Sets for 
External TMC Communication (TMDD and MS/ETMCC) ITE TMDD 2.1 

AASHTO/ITE/NEMA Octet Encoding Rules (OER) Base Protocol NTCIP 1102 
AASHTO/ITE/NEMA Transportation Management Protocols (TMP) NTCIP 1103 
AASHTO/ITE/NEMA Center-to-Center Naming Convention Specification NTCIP 1104 
AASHTO/ITE/NEMA Global Object Definitions NTCIP 1201 

AASHTO/ITE/NEMA Object Definitions for Actuated Traffic Signal Controller (ASC) 
Units NTCIP 1202 

AASHTO/ITE/NEMA Object Definitions for Dynamic Message Signs (DMS) NTCIP 1203 
AASHTO/ITE/NEMA Object Definitions for Environmental Sensor Stations (ESS) NTCIP 1204 

AASHTO/ITE/NEMA Object Definitions for Closed Circuit Television (CCTV) 
Camera Control NTCIP 1205 

AASHTO/ITE/NEMA Object Definitions for Data Collection and Monitoring (DCM) 
Devices NTCIP 1206 

AASHTO/ITE/NEMA Object Definitions for Closed Circuit Television (CCTV) 
Switching NTCIP 1208 

AASHTO/ITE/NEMA Data Element Definitions for Transportation Sensor Systems 
(TSS) NTCIP 1209 

AASHTO/ITE/NEMA Field Management Stations (FMS) - Part 1: Object Definitions 
for Signal System Masters NTCIP 1210 

AASHTO/ITE/NEMA Object Definitions for Signal Control and Prioritization (SCP) NTCIP 1211 
AASHTO/ITE/NEMA Point to Multi-Point Protocol Using RS-232 Subnetwork Profile NTCIP 2101 
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Table 3. Applicable ITS Standards 

SDO Standard Title Standard Doc ID

AASHTO/ITE/NEMA Point to Multi-Point Protocol Using FSK Modem Subnetwork 
Profile NTCIP 2102 

AASHTO/ITE/NEMA Point-to-Point Protocol Over RS-232 Subnetwork Profile NTCIP 2103 
AASHTO/ITE/NEMA Ethernet Subnetwork Profile NTCIP 2104 
AASHTO/ITE/NEMA Transportation Transport Profile NTCIP 2201 
AASHTO/ITE/NEMA Internet (TCP/IP and UDP/IP) Transport Profile NTCIP 2202 

AASHTO/ITE/NEMA Simple Transportation Management Framework (STMF) 
Application Profile NTCIP 2301 

AASHTO/ITE/NEMA Trivial File Transfer Protocol (TFTP) Application Profile NTCIP 2302 
AASHTO/ITE/NEMA File Transfer Protocol (FTP) Application Profile NTCIP 2303 
AASHTO/ITE/NEMA Application Profile for DATEX-ASN (AP-DATEX) NTCIP 2304 

AASHTO/ITE/NEMA Application Profile for XML Message Encoding and Transport 
in ITS Center-to-Center Communications (C2C XML) NTCIP 2306 

APTA Standard for Transit Communications Interface Profiles APTA TCIP-S-001 
3.0.0 

ASTM 

Standard Specification for Telecommunications and 
Information Exchange Between Roadside and Vehicle 
Systems - 5 GHz Band Dedicated Short Range 
Communications (DSRC) Medium Access Control (MAC) and 
Physical Layer (PHY) Specifications 

ASTM E2213-03 

ASTM Standard Practice for Metadata to Support Archived Data 
Management Systems ASTM E2468-05 

ASTM Standard Specifications for Archiving ITS-Generated Traffic 
Monitoring Data ASTM WK7604 

IEEE Standard for Message Sets for Vehicle/Roadside 
Communications IEEE 1455-1999 

IEEE Standard for Common Incident Management Message Sets 
for use by Emergency Management Centers IEEE 1512 -2006 

IEEE Standard for Traffic Incident Management Message Sets for 
Use by Emergency Management Centers IEEE 1512.1-2006

IEEE Standard for Public Safety Traffic Incident Management 
Message Sets for Use by Emergency Management Centers IEEE 1512.2-2004

IEEE Standard for Hazardous Material Incident Management 
Message Sets for Use by Emergency Management Centers IEEE 1512.3-2006

IEEE Standard for the Interface Between the Rail Subsystem and 
the Highway Subsystem at a Highway Rail Intersection IEEE 1570-2002 

IEEE Standard for Wireless Access in Vehicular Environments 
(WAVE) - Resource Manager IEEE 1609.1-2006

IEEE 
Standard for Wireless Access in Vehicular Environments 
(WAVE) - Security Services for Applications and Management 
Messages 

IEEE 1609.2-2006

IEEE Standard for Wireless Access in Vehicular Environments 
(WAVE) - Multi-Channel Operation IEEE 1609.4-2006

IEEE Standard for Common Traffic Incident Management Message 
Sets for Use in Entities External to Centers IEEE P1512.4 

IEEE Standard for Wireless Access in Vehicular Environments 
(WAVE) - Networking Services IEEE P1609.3 
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Table 3. Applicable ITS Standards 

SDO Standard Title Standard Doc ID

IEEE 

Standard for Information Technology - Telecommunications 
and Information Exchange Between Systems - Local and 
Metropolitan Area Networks - Specific Requirements - Part II: 
Wireless LAN Medium Access Control (MAC) and Physical 
Layer (PHY) Specifications 

IEEE P802.11p 

SAE Location Referencing Message Specification (LRMS) SAE J2266 
SAE On-Board Land Vehicle Mayday Reporting Interface SAE J2313 

SAE Message Set for Advanced Traveler Information System 
(ATIS) SAE J2354 

SAE Standard for ATIS Message Sets Delivered Over Reduced 
Bandwidth Media SAE J2369 

SAE Messages for Handling Strings and Look-Up Tables in ATIS 
Standards SAE J2540 

SAE RDS (Radio Data System) Phrase Lists SAE J2540/1 
SAE ITIS (International Traveler Information Systems) Phrase Lists SAE J2540/2 
SAE National Names Phrase List SAE J2540/3 

SAE Dedicated Short Range Communications (DSRC) Message 
Set Dictionary SAE J2735 

 

8.3.2 Mapping of ITS Architecture Flows to ITS Standards 

The previous section provides a general discussion of ITS standards and identifies what 
standards may be applicable in the region based on the Triangle Regional ITS Architecture.  

The architecture does contain a far more detailed standards view that maps applicable 
standards to the individual information flows that go from one element to another. Thus, 
when writing specifications to deploy the elements and the interfaces that are in depicted in 
the architecture, it can be a source of information on what ITS Standards may be applicable 
to those interfaces. This detailed information about ITS Standards is contained at the U.S. 
National ITS Architecture website (http://www.iteris.com/itsarch/) and can be accessed 
through the links to the architecture flows (Click on Physical Architecture -> 
Architecture Flows). Architecture flows which are supported by an ITS Standard, will 
have a Standards icon next to it. Clicking an architecture flow leads to a web page with a 
set of links that describe the information flow, including a description of the applicable ITS 
Standards at the bottom of the page. Figure 11 is a screenshot of the ITS Standards 
information available for NTCIP 1203: Object Definitions for Dynamic Message Signs 
(DMS). 
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Figure 11. Example ITS Standards Information 

A list of the ITS Standards that may be applicable for the Triangle Regional ITS 
Architecture can be found by opening the Turbo Architecture database and clicking on the 
Standards tab. A screenshot of the list of these ITS Standards is shown in Figure 12. 

 

Figure 12. Example Applicable Standards Mapping 
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8.3.3 Using ITS Standards in Projects 

This section discusses how the list of ITS standards can be used in the development of an 
ITS project. A project extracted from the ITS architecture can be defined in terms of the 
transportation services it will provide, the ITS elements that are included in the project, and 
the interfaces between those ITS elements. For a Regional ITS Architecture, this could 
involve one or more customized market package diagrams. Based on the diagrams, the 
relevant information exchanges between ITS systems relative to the project can be derived. 
From the ITS architecture, analyzing these architecture flows will yield a list of ITS 
standards that may be applicable to the project. Note that ITS projects that are federally 
funded are required to use applicable ITS standards and interoperability tests that have been 
officially adopted by U.S. DOT. However, as of the date of this report, no ITS standard or 
interoperability test has been officially adopted. 

Although a regional ITS architecture provides a list of possible national standards that may 
be applicable, project managers must determine which standards to use for individual 
projects and how to specify those standards. The interfaces between systems and the ITS 
standards identified in the ITS architecture should be evaluated by the project specification 
writers. By evaluating interfaces rather than individual information flows, the amount of 
work required is reduced considerably. 

Next, an analysis should be performed to determine what aspects of the standards on the list 
support the user and functional requirements that have been defined for the ITS project. 
Rarely will an agency need all the functions and messages that an ITS standard supports. 
Therefore, the project specifications should detail the required data objects (center-to-field) 
or messages (center-to-center) for a project. 

Conversely, there is also a possibility that an ITS standard does not support all the user and 
functional requirements that have been defined. Many of the ITS standards are still in 
development and only a handful of ITS standards can be considered mature at this time, 
meaning the standard has be deployed and tested by numerous agencies, and has industry-
wide support. Although the standards-development organizations attempt to support the 
most common user requirements and needs, they cannot always do so or they may satisfy 
those requirements and needs in a different manner. In this case, agency-specific objects or 
messages may be needed, and these requirements should be included in the specifications. 

Based on the analysis, the stakeholders should agree what standards, if any, should be 
adopted for each interface. It may also be necessary to consider any regional standards that 
have been adopted for use in the region or state. The procuring agency would then finalize 
the relevant details for implementing the standard, taking into account specific technology 
and communications choices, to achieve interoperability. 

8.4 Agreements 

The identification of institutional agreements required is crucial to the development of a 
consensus architecture. The following pages identify the agreements associated a Regional ITS 
Architecture. 

8.4.1 Types of Agreements 

There are several types of arrangements associated with the interfaces included when 
deploying ITS projects within the region. This section gives a brief introduction to 
agreements. 
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Data exchanges between systems require agreements on the transmission protocol and data 
formats to ensure compatibility. Coordinating field device operations owned by different 
agencies requires defined procedures for submitting message requests and rules governing 
when such requests can be honored. Such coordination can be done with informal 
arrangements such as a Memorandum of Understanding (MOU). Sharing control of field 
devices operated by different agencies, on the other hand, involves more liability issues, 
which requires more formal agreements. Coordinated incident response may also require 
formal agreements, but also requires group training of personnel from various agencies. 
While all interfaces involve agreements for data compatibility, agreements for procedure 
and operation, as well as training, can also be critical elements to optimizing the benefits of 
the architecture. 

Table 4 identifies types of potential agreements that could be used by agencies in the 
region. It is recognized, however, that a specific agreement mechanism used among 
stakeholders may be different between them. For example, the nature and limitations 
associated with a MOU might vary between stakeholders. This should be taken into 
consideration when identifying and pursuing the proper agreement mechanism. 

Table 4. Types of Agreements 

Type of Agreement Description 

Handshake Agreement Early agreement between one or more partners 
Not recommended for long term operations. 

Memorandum of 
Understanding 

Initial agreement used to provide minimal detail and usually demonstrating a 
general consensus. 
Used to expand a more detailed agreement like an Interagency Agreement 
which may be broad in scope but contains all of the standard contract clauses 
required by a specific agency. 
May serve as a means to modify a much broader Master Funding Agreement, 
allowing the master agreement to cover various ITS projects throughout the 
region and the MOUs to specify the scope and differences between the 
projects.  

Interagency Agreement Between public agencies (e.g., transit authorities, cities, counties, etc.) for 
operations, services or funding 
Documents responsibility, functions and liability, at a minimum. 

Intergovernmental 
Agreement 

Between governmental agencies (e.g., Agreements between universities and 
State Department of Transportation (DOT), MPOs and State DOT, etc.) 

Operational Agreement Between any agency involved in funding, operating, maintaining or using the 
right-of-way of another public or private agency. 
Identifies respective responsibilities for all activities associated with shared 
systems being operated and/or maintained.  

Funding Agreement Documents the funding arrangements for ITS projects (and other projects) 
Includes at a minimum standard funding clauses, detailed scope, services to 
be performed, detailed project budgets, etc. 
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Table 4. Types of Agreements 

Type of Agreement Description 

Master Agreements Standard contract and/or legal verbiage for a specific agency and serving as a 
master agreement by which all business is done. These agreements can be 
found in the legal department of many public agencies. 
Allows states, cities, transit agencies, and other public agencies that do 
business with the same agencies over and over (e.g., cities and counties) to 
have one Master Agreement that uses smaller agreements (e.g., MOUs, 
Scope-of-Work and Budget Modifications, Funding Agreements, Project 
Agreements, etc.) to modify or expand the boundaries of the larger agreement 
to include more specific language. 

 
In addition to the agreements noted above, one element that must be considered is data 
ownership. The type of agreement used to address this issue may vary depending upon 
agencies involved. 

8.4.2 Existing and Planned Agreements 

The identification of institutional agreements, along with whether these agreements exist or 
need to be formulated, is a key output of a regional ITS architecture, and should be updated 
periodically as part of the overall maintenance plan. 

Several agreements were identified during development of the Triangle Regional ITS 
Architecture. Appendix F lists these agreement between the agencies. 

8.4.3 Potential Agreements 

In addition to these existing agreements, the Triangle Regional ITS Architecture was used 
to determine a set of agreements that may need to be put into place in order to implement 
the interconnections described by the architecture. For each customized market package 
developed in the architecture, potential institutional agreements can be identified. 
Agreements are identified on the basis of information being shared across institutional 
boundaries. Instances that involve the sharing of information wholly within one institution 
do not require an agreement. 

Figure 13 illustrates incident management using the NCDOT Triangle RTMC with 
emergency management agencies. As shown on the right side of the diagram, the NCDOT 
Triangle RTMC is sharing information with local and statewide public safety agencies, and 
given the nature and sensitivity of law enforcement data, institutional agreements may be 
necessary to accomplish this interface. On the left, the NCDOT Triangle RTMC shares 
information with the NCDOT TIMS and NCDOT 511 System, and no institutional 
agreements are necessary because the sharing of information is between elements under the 
same institutional entity, in this case NCDOT. 
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Figure 13. Example Customized Market Package ATMS08 

Each market package identified in the Triangle Regional ITS Architecture and selected as a 
high priority market package was analyzed using the same methodology as described above. 
Table 5 identifies the results of this analysis and identifies where institutional agreements 
are needed and the purpose of the agreement if the information that is being shared would 
require an agreement. The table is sorted by Priority Service or the transportation service 
where the agreement has been identified. The Potential Parties to Agreement identifies the 
institutional entities that might share information, generally starting with the source entity. 
The Purpose column gives a short description of the information being shared. It is 
important to note that the entities listed in the following table have not been identified in 
this table as a source or destination for the information being shared, nor does this table 
contain the status of any institutional agreements. This table is intended to identify the 
possible agreements between entities. Therefore, this table should be used as a starting point 
when identifying or pursuing agreements between entities. 

Table 5. Institutional Agreements 

Priority Service Potential Parties to Agreement Purpose 

Archive Data NC Department of Crime Control and Public Safety, 
NCDOT DMV 

Provide crash and incident 
information 

NCDOT, Local Transit Operators, Regional Bus 
Transit Operators 

Provide transit archive 
information 

MPOs, NCDOT Archive coordination 
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Table 5. Institutional Agreements 

Priority Service Potential Parties to Agreement Purpose 

NCDOT, Local DPW Maintenance and construction 
archive data 

Emergency 
Management 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Coordinate incident responses 
and provide incident reports 

Local Public Safety Agencies, NC Department of 
Crime Control and Public Safety 

Dispatch emergency vehicles 

Local Public Safety Agencies, NC Department of 
Crime Control and Public Safety, Regional Hospital 
Organizations. 

Share patient status and 
receive care facility status 

Local Public Safety Agencies, NC Department of 
Crime Control and Public Safety, Regional Hospital 
Organizations. 

Provide care facility status 

Local Public Safety Agencies, NC Department of 
Crime Control and Public Safety, NCDOT 

Provide emergency signal 
preemption 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Coordinate incident and threat 
information 

Local Public Safety Agencies, Local Traffic 
Management, NC Division of Emergency 
Management, NC Department of Crime Control and 
Public Safety, NCDOT 

Share secure area sensor and 
surveillance control 

Local Public Safety Agencies, Local Traffic 
Management, NC Division of Emergency 
Management, NC Department of Crime Control and 
Public Safety, NCDOT 

Provide AMBER alerts 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Coordinate emergency plans 
for disasters 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Coordinate evacuations and 
reentry plans 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Provide evacuation, incident 
and transportation system 
status information 

Local Public Safety Agencies, Local Traffic 
Management, Local Transit Operators, NC Division 
of Emergency Management, NC Department of 
Crime Control and Public Safety, NCDOT 

Provide traveler information 
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Table 5. Institutional Agreements 

Priority Service Potential Parties to Agreement Purpose 

Traffic Incident 
Management 

Local Public Safety Agencies, Local Traffic 
Management, NC Division of Emergency 
Management, NC Department of Crime Control and 
Public Safety, NCDOT 

Share incident information and 
incident video images 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, NC Division of Emergency 
Management, NC Department of Crime Control and 
Public Safety, NCDOT 

Share incident information and 
maintenance and construction 
resources 

Regional Event Promoters, NCDOT Provide event plan information
Local DPW, NCDOT Coordinate maintenance and 

construction resources 
Traffic 
Management 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Share road network conditions

Local Traffic Management, NCDOT Coordinate traffic information 
Transit 
Management 

Local Traffic Management, Local Transit Operators, 
NCDOT 

Share road network conditions

Local Transit Operators, NCDOT Sharing transit schedule and 
fare information 

Local Traffic Management, Local Transit Operators, 
NCDOT 

Sharing roadway maintenance 
and work zone information 

Traveler 
Information 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Sharing incident data for 
broadcast 

Local Public Safety Agencies, Local Traffic 
Management, Local Transit Operators, NC 
Department of Crime Control and Public Safety, 
NCDOT 

Sharing transit schedule, fare 
and incident information for 
broadcast 

Local Traffic Management, NCDOT Share road network conditions 
for broadcast 

Local DPW, NCDOT Share maintenance and 
construction and work zone 
information for broadcast 

Maintenance and 
Construction 
Management 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, NC Division of Emergency 
Management, NC Department of Crime Control and 
Public Safety, NCDOT 

Share weather information 

Local DPW, Local Public Safety Agencies, Local 
Traffic Management, Local Transit Operators, NC 
Division of Emergency Management, NC Department 
of Crime Control and Public Safety, NCDOT 

Share roadway maintenance 
status and work zone 
information 

Local DPW, NCDOT Coordinate work plans 
Local DPW, NCDOT Share maintenance and 

construction work plans 
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8.4.4 Recommendations 

The identification of needed agreements is a key to the successful completion of ITS 
projects. One suggestion for the future is that as part of the system engineering analysis 
done for each ITS project, the needed agreements be detailed, along with the nature of the 
information sharing that causes the need for the agreement. Table 5 can be used as a 
starting point for identifying the needed agreements between agencies. At the very least it 
will identify that an agreement may need to be in place prior to going forward with 
additional ITS deployments. In addition, it may help to identify potential opportunities to 
leverage funding if one agency is willing to get and provide information that another agency 
needs (in accordance with the table). 

It is recommended that the stakeholders review the table of needed agreements when the 
Regional ITS Architecture undergoes a maintenance update, identifying those agreements 
that now exist or are in the planning stage, and updating the future needs for agreements. 
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9. MAINTENANCE OF THE REGIONAL ITS ARCHITECTURE 
The ITS Architecture developed for the Triangle Region addresses the Region’s vision for ITS 
implementation at the time the plan was developed. As the Region grows, needs will change, and, as 
technology progresses, new ITS opportunities will arise. Shifts in regional needs and focus as well as 
changes in the National ITS Architecture will necessitate that the Triangle Regional ITS Architecture be 
updated to remain a useful resource for the Region. 

The Triangle ITS Communications Partners will be responsible for maintaining the Regional ITS 
Architecture. Members of the group represent the primary regional planning organizations and will be 
the primary users of the architecture. The maintenance of the architecture has been defined into three 
distinct levels including administrative, interim, and full updates. Details related to these updates and 
checklists to direct maintenance activities are contained within the SDP Maintenance Plan document. 

9.1 Procedure for Submitting ITS Architecture Changes Between Scheduled 
Updates 

Documentation for needed updates of the Triangle Regional ITS Architecture will need to be 
submitted to the maintainer of the regional ITS architectures, which is the NCDOT ITS Project 
Development Group. Between interim and full plan updates, administrative updates will be 
required to accommodate ITS projects deployed in the Region. For situations where a change to 
the Triangle Regional ITS Architecture is required, an ITS Architecture Maintenance Change 
Request Forms has been developed and is included in Appendix G. This form should be 
completed and submitted to NCDOT whenever a change is proposed.  

The Maintenance Change Request Forms identifies three levels of modifications. They include: 

• Level 1 – Basic changes that do not affect the structure of the architecture 
Examples include: Changes to stakeholder or element name, element status, or data flow 
status. 

• Level 2 – Structural changes that impact only one agency 
Examples include: Addition of a new market package or modifications to an existing 
market package that affects only one agency. 

• Level 3 – Structural changes that have the potential to impact multiple agencies 
Examples include: Addition of a new market package or modifications to an existing 
market package that involves multiple agencies or incorporation of a new stakeholder 
into the architecture. 

In the process of documenting the change, the stakeholder proposing the change and the 
appropriate local MPO should contact all agencies that will be impacted to obtain feedback. The 
ITS Communication Partners, or a defined architecture review committee, will review and accept 
the proposed changes when they are submitted and incorporate the changes into the market 
package diagrams and Turbo Architecture database. Most interim changes will not impact the 
Regional ITS Architecture document. If an interim change does impact the document, the 
NCDOT will decide whether or not the change is significant enough to require an immediate 
update, or if the change can simply be documented for incorporation during the next complete 
update. 
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9.2 Maintenance of Baseline Documents 

The NCDOT will be responsible for maintaining the official baseline documents for the Triangle 
Regional ITS Architecture. For the Triangle Regional ITS Architecture, the following are the 
components of the architecture baseline. 

 Triangle Regional ITS Architecture Document (this document) 
 Set of Customized Market Packages (Visio file) 
 Turbo Architecture Database 

 

The original Triangle Regional ITS Architecture document, in Microsoft Word format, will be 
held by the NCDOT and a PDF version of the document will be available for general distribution. 
A version number and date will be included on the cover page.  

The customized market packages, Turbo Architecture database and other baseline components 
also will be held and maintained by the NCDOT. Each document will use a versioning scheme 
that identifies the baseline and revision number. For example, since this architecture is an update 
of the initial release of the Triangle Regional ITS Architecture, the documents at the conclusion 
of this effort will be version 2.00. Minor revisions will be 2.01, 2.02, etc. The next full update to 
the document will be version 3.00. 

Table 6 summarizes the components of the Regional ITS Architecture and identifies the current 
version at the completion and release of this document. This table should be updated any time an 
interim update to the architecture document is performed. 

Table 6. Summary of Baseline Architecture Components 

Architecture 
Component Format Version at Completion of 

Update 

Architecture Document Microsoft Word (.doc) 2.0 

Customized Market 
Package Diagrams Microsoft Visio (.vsd) 2.0 

Turbo Architecture 
Database Turbo Database (.tbo) 2.0 

 

When completing the change form, the requesting agency should identify the baseline document 
versions that they are intending to modify to reduce the potential for confusion.  
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Maintenance Change Request (MCR) Form to be Completed by the Stakeholder 
To Be Completed by Stakeholder(s) Requesting Changes 

Agency  

Agency Contact Person  

Telephone  

Fax  

E-Mail  

Change Request (CR) Information 

Please indicate the type of change:  

□ Level 1: Basic changes that do not affect the structure of the architecture  
Examples include: Changes to stakeholder or element name, element status, or data flow status  

□ Level 2: Structural changes that impact only one agency 
Examples include: Addition of a new market package or modifications to an existing market package 

that affects only your agency 

□ Level 3: Structural changes that have the potential to impact multiple agencies 
Examples include: Addition of a new market package or modifications to an existing market package 

that involves multiple agencies, incorporation of a new stakeholder into the architecture 

Describe requested change 
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What, if any, market packages are 

impacted by the proposed change? 

 

Note: If the proposed change 

involves creating or modifying a 

market package please attach a 

sketch of the new or modified 

market package. 

 

Does the proposed change affect 

any additional stakeholders? 
Affected Agency Authorized Representative 

Date of Agency 

Concurrence 

   

   

   

Applicable Baseline Document 

Versions 

Website:  Turbo Architecture:  

Market Packages:  Architecture Document:  
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Maintenance Change Request (MCR) Form to be Completed by Maintenance 
Manager 

 

Date CR Received:  Date CR Logged:  CR Number:  

Date of Review: 

 

Performed By: 

 

Recommendation:  

 Approve and Include  

 More Information Required 

Comments: 

Documents Affected:  Market Packages  Turbo Architecture  Architecture Document  

Do changes necessitate immediate revision and distribution of architecture document?  Yes  No 

Document Update Record 

Document Market Packages Turbo Database Document 

Change Required    

Timeframe 
 Immediate  

 Next Update 

 Immediate  

 Next Update 

 Immediate  

 Next Update 

Date Completed    

 

 



 
 
 
 

IInntteelllliiggeenntt  TTrraannssppoorrttaattiioonn  SSyysstteemm  SSttrraatteeggiicc  
DDeeppllooyymmeenntt  PPllaann  UUppddaattee  

 
 
 
 
 
 
 
 

FINAL 
Cost Estimate Report 
 
 
 
 
 
 
 
 
Prepared for: 
Triangle ITS Communications Partners 

     

 

 
 
 
 
 
 
Prepared by: 

 
 
 
In Association with: 

    
 
 
March 2010 
011494053 
 
Copyright © 2010, Kimley-Horn and Associates, Inc. 
 





 
 

TABLE OF CONTENTS 
FINAL – COST ESTIMATE REPORT 

ITS Strategic Deployment Update  Final Cost Estimate Report 
 i March 2010 

 
 
 

1.  INTRODUCTION .................................................................................................................................. 1 

2.  COST ESTIMATE SPREADSHEET LAYOUT ........................................................................................ 1 
2.1  ITS Elements .............................................................................................................................. 1 
2.2  Capital Costs .............................................................................................................................. 1 
2.3  Operations and Maintenance Costs ......................................................................................... 1 
2.4  Lifecycle ...................................................................................................................................... 2 

3.  OTHER COST CONSIDERATIONS ....................................................................................................... 2 
3.1  Soft Costs .................................................................................................................................... 2 
3.2  Inflation Rate .............................................................................................................................. 2 
3.3  Discount Rate ............................................................................................................................. 3 

4.  PROJECT EXAMPLE ........................................................................................................................... 4 

BIBLIOGRAPHY .......................................................................................................................................... 5 

APPENDIX A – COST ESTIMATE SPREADSHEET .................................................................................. A-1 
 



 
 

ITS Strategic Deployment Update  Final Cost Estimate Report 
 1 March 2010 

1. INTRODUCTION 
The purpose of this report is to provide context and documentation to the accompanying Cost Estimate 
Components for ITS Projects spreadsheet. 

2. COST ESTIMATE SPREADSHEET LAYOUT 
The cost estimate spreadsheet was developed to provide capital costs, annual operations and 
maintenance costs, and expected lifecycle for specific ITS elements as they are being combined to form 
an ITS project. These costs will be utilized for the ITS Deployment Analysis System (IDAS) based 
benefit-cost assessment, the Turbo Architecture database, as well as for strategic deployment plan 
project cost reporting. 

2.1 ITS Elements 

The majority of the cost estimate spreadsheet defines all of the elements that could be used to 
form an ITS project in North Carolina. The elements are grouped into similar themes such as 
roadway devices or TMC components. Each element also is defined in unit terms of “per item” 
for devices, “per mile” for communications, and “lump sum” for software and integration 
elements. Finally, the last two columns of the spreadsheet give context to each element by giving 
a brief description and listing a number of specific items that were used to build the element 
costs. 

2.2 Capital Costs 

The capital costs for each ITS element are presented in 2009 dollars. It is important to note that 
the capital costs are for the installation of that ITS element within a larger construction project. 
Thus, the capital costs do not consider construction costs such as mobilization and training, which 
are considered “soft costs”, and will be discussed in Section 3.1 Soft Costs. 

The capital costs for the spreadsheet were developed using a number of references. 

 Actual project bid tabs for NCDOT construction projects from January 2003 to June 2008 
 ITS Cost Database, maintained by US DOT and available at http://www.itscosts.its.dot.gov/ 
 Inventory of regional transit-related technologies compiled by ITRE 
 2007-2012 plan for regional transit-related technologies compiled by ITRE 
 Informal conversations with product vendors 

2.3 Operations and Maintenance Costs 

The annual operations and maintenance costs also are presented in 2009 dollars. These costs are 
intended to portray the total cost for operating and maintaining an ITS element over its life, but 
are averaged to provide an annual cost. It is important to note that this does not include any 
replacement costs associated with a device at the end of its life. It is expected that the actual 
operations and maintenance costs for an ITS element would be lower than the annual average 
early in the lifecycle but higher than the annual average later in the lifecycle. 

The operations and maintenance costs for the spreadsheet were developed using a number of 
references. 

 Estimates of annual operations and maintenance costs from NCDOT Division 5 
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 2009 budget for SCDOT ITS Maintenance (provided during the Best Practices task) 
 ITS Cost Database, maintained by US DOT and available at http://www.itscosts.its.dot.gov/ 
 Inventory of regional transit-related technologies compiled by ITRE 
 2007-2012 plan for regional transit-related technologies compiled by ITRE 

2.4 Lifecycle 

The lifecycle of an ITS element is presented in the expected number of years between installation 
and replacement. For some elements, the expected replacement is not based on product 
malfunction and inoperability, but rather, based on the end of vendor support or product 
compatibility (such as computers and software). 

The lifecycle estimates for the spreadsheet were developed using a number of references. 

 Estimates of annual operations and maintenance costs from NCDOT Division 5 
 2009 budget for SCDOT ITS Maintenance (provided during the Best Practices task) 
 ITS Cost Database, maintained by US DOT and available at http://www.itscosts.its.dot.gov/ 
 Inventory of regional transit-related technologies compiled by ITRE 
 2007-2012 plan for regional transit-related technologies compiled by ITRE 

3. OTHER COST CONSIDERATIONS 
As mentioned above, the cost estimate spreadsheet does not consider other soft costs that are not tied to 
a specific construction element, but nonetheless, are part of an overall project. When considering costs 
for ITS elements and projects over an uncertain timeframe, it is important to also consider and account 
for an inflation rate and discount rate. These other cost considerations are discussed below. 

3.1 Soft Costs 

After combining desired ITS elements from the spreadsheet to form a construction cost, other 
costs should be added to form a total project cost. Below are the most typical soft costs. 

 Design engineering typically is about 10% of the construction cost. 
 Construction engineering and administration typically is about 15% of the construction cost. 
 Mobilization of the contractor typically is about 5% of the construction cost. 
 Traffic control for the work typically is about 2% of the construction cost. 
 Training of the end-users (NCDOT or municipality) typically is 2% of the construction cost. 

3.2 Inflation Rate 

In this context, the inflation rate refers to an annual rate of change (increase or decrease) in the 
purchase price of a good or service. This is important because the costs presented in the 
spreadsheet are based on 2009 dollars. If the ITS element is not going to be purchased until later, 
the inflation rate must be applied to determine what the cost will be at that time. 

Using historical bid tab data from NCDOT starting in 2003, a general inflation rate for ITS 
projects in North Carolina was determined to be 3%. This inflation rate was determined by 
looking at similar groups of ITS elements. 

 Commodity elements that are defined by NCDOT standards that do not change much over 
time (such as fiber optic cable, messenger cable, junction boxes, conduit, etc.) appear to have 
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a recent annual inflation rate around 2%. These elements typically comprise about 40% of an 
ITS project’s total cost. 

 Electronic elements that are defined by NCDOT standards that do not change much over time 
(such as field cabinets, signal controllers, etc.) appear to have a recent annual inflation rate 
around 2%. These elements typically comprise about 20% of an ITS project’s total cost. 

 Electronic elements that use constantly-changing technologies (such as CCTV cameras, 
dynamic message signs, vehicle detectors, etc) appear to have a recent annual inflation rate 
around 0% because these vendors tend to offer levels of product functionality (such as basic 
and advanced). Over time, the prices for each level will remain the same, but features and 
functionality trickle down from the top as they become less expensive. These elements 
typically comprise about 10% of an ITS project’s total cost. 

 Software elements that are project-specific are difficult to analyze for cost over time because 
each instance is different. Thus, it is recommended that an annual inflation rate of 0% be 
applied to these elements, for similar reasons to those explained in the previous bullet. These 
elements typically comprise about 10% of an ITS project’s total cost. 

 Labor elements (such as integration and installation) appear to have a recent annual inflation 
rate around 10%. These typically comprise about 20% of an ITS project’s total cost. 

 
The inflation rate is applied using the following equation: 
 Future Amount = Present Amount x (1 + Inflation Rate)Number of Years 

3.3 Discount Rate 

Typically, a discount rate is used in benefit-cost analysis to account for the time value of money. 
When considering benefits and costs, they both have a greater value if they are recognized sooner 
and must be discounted if recognized later. The discount rate also accounts for interest rates and 
inflation rates.  

Selecting the proper discount rate for a benefit-cost analysis is often difficult. The U.S. 
Government published Guidelines and Discount Rates for Benefit-Cost Analysis of Federal 
Programs in 1992 suggesting that a discount rate of 7% be used for benefit-cost analysis of 
federally funded programs. FHWA published Life-Cycle Cost Analysis in Pavement Design – 
Interim Technical Bulletin in 1998 that looked at discount rates for various pavement design 
programs over time and determined an appropriate range of 3-5% for discount rates. Overall, 
determining an applicable discount rate is debatable and constantly changing. 

It is important to note that a discount rate is only applicable to benefit-cost analysis and should 
not be used in calculations where a future cost is determined from a present cost (such as shown 
in the inflation rate section above). This report presents a discount rate for an agency that is using 
the cost spreadsheet for developing a benefit-cost analysis in the IDAS program and desires to 
change the software’s default value of 7% for the discount rate.  

The discount rate is calculated using the following equation: 

 Discount Rate = [(1 + Interest Rate) / (1 + Inflation Rate)] – 1 

 Or a simple approximation is: Discount Rate = Interest Rate – Inflation Rate 

Using an inflation rate of 3% as developed above and a current Federal Reserve interest rate of 
0.25%, a current recommendation for a discount rate would be -2.75%. 
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4. PROJECT EXAMPLE 
A simple example is presented here to illustrate how to use the cost estimate spreadsheet and inflation 
rate when developing projects. For this example, assume a Triangle agency is planning to expand their 
existing DMS system in 2015 by installing two arterial DMS units with short haul electrical service and 
dial-up modems. 

Using the cost estimate spreadsheet, the expected capital construction cost in 2009 dollars of $164,500. 

 DMS, Arterial (quantity of 2 with a unit cost of $80,000 each) = $160,000 

 Electrical service for device, short haul (quantity of 2 with a unit cost of $1,500 each) = $3,000 

 Dial-up connection to device (quantity of 2 with a unit cost of $750 each) = $1,500 

 Assume that the central software and hardware is already in place. 

To convert this capital cost to equivalent dollars in 2015, apply an inflation rate of 3%. This equates to a 
capital construction cost in 2015 of about $196,500. 

 $164,500 x (1.03)6 = $196,421 

Finally, the soft costs discussed above are applied to construction costs to develop a total project 
deployment cost of about $259,400 in 2015 dollars. 

 Design engineering (10%) = $19,650 

 Construction engineering and administration (15%) = $29,475 

 Mobilization (5%) = $9,825 

 Traffic control (2%) = $3,930 

 Assume no training is necessary since there is an existing DMS system. 
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1. INTRODUCTION 
The last phase of a typical systems engineering process is system retirement and replacement. This 
often-overlooked phase is particularly important for intelligent transportation systems (ITS) because of 
the use of technologies with definite lifecycles and the rapidly changing pace of technology. 

The purpose of this report is to provide guidance in developing a replacement plan for a system and 
guidance in making the decision to continue, upgrade, replace, or retire a system or sub-system. This 
report will also present information on the expected useful life of various ITS components. 

2. TYPICAL LIFECYCLES 
In a perfect world, ITS deployments would be installed and would perform their desired functions 
endlessly with proper maintenance. However, that is rarely the case and often the replacement is not 
dictated simply by device malfunction. ITS components may require replacement for a number of 
planned or unplanned reasons including: 

 The user need originally met by the system is no longer active. 
 The system’s operations and maintenance costs are no longer cost effective. 
 The underlying technology is obsolete or is no longer supported by the manufacturer. 
 The system is not compatible with newer hardware. 

The other cause for replacement is device malfunction as the device reaches the end of its useful life due 
to simple wear and tear. This occurs no matter how well the component is maintained. Table 1 presents 
some typical useful life guidelines for ITS components. 

Table 1. Typical Useful Life for ITS Components 

ITS Components Example Typical Useful Life 
Roadside devices DMS 10-15 years 

Non-Intrusive Detection (RADAR) 8-10 years 

CCTV 10-15 years 

In-road devices Inductive loops 5-10 years 

In-vehicle devices CCTV, AVL, AVA, APC 7-10 years 

Hardwire communications Fiber optic cable 20-30 years 

Communication electronics Transceivers, modems, radios, antennas 10-15 years 

Traffic signal electronics Controller 10-15 years 

Computer equipment (central) Workstations, servers 5-8 years  

Computer equipment (field) Notebook computers 5-8 years 

Software (with regular vendor 
updates and maintenance) 

Signal system, CCTV system, real-time 
AVL central software 

10-12 years 

 

The end of the useful life for most roadside devices, in-road devices, and communication equipment 
most likely will be signaled by a major malfunction and/or a repair cost that is a substantial percentage 
of the cost that would be incurred to replace the unit. Fiber optic cable has shown to have a very long 
useful life and could last longer than the anticipated 20 years. Computer equipment tends to experience 
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a shorter useful life, usually due to the obsolescence of the operating system that was originally installed 
and the rapidly growing computer memory and storage needs that new software applications tend to 
require. Upgrading the operating system could extend the useful life, but in most cases the performance 
of the hardware is not adequate to meet the increased demands of the upgraded operating system. 
Additionally, software can become obsolete as vendors drop support for the original version and begin 
marketing significantly upgraded or next generation versions. 

Lifecycles for transit-related systems are unique to a particular agency, but some general approaches are 
present when looking at transit agencies across the country. Most transit authorities implement more 
straight forward operations systems (such as scheduling software) and continue using it for a number of 
years, investing in maintenance agreements and scheduled upgrades. This approach is most commonly 
due to the fact that these systems are tied inexorably to the authorities’ business practices. Only when 
fundamental changes occur to the way the authority operates do these systems require significant 
change.  

In-vehicle equipment (such as automated voice annunciation systems (AVA), automated passenger 
counters (APC), and closed circuit television (CCTV) cameras, etc.) typically is installed as new busses 
enter the fleet and thus the component’s life-cycle is tied to the bus itself. Unless the equipment fails 
beyond repair, the individual in-vehicle components typically are not replaced on a regular schedule. 
Additionally, if the central software used to analyze and process information from the vehicles changes, 
the in-vehicle devices can remain the same with similar benefit to the agency. More often than not, the 
technology behind these in-vehicle devices is very mature and robust. As a result, upgrades and 
replacements typically are addressed during fleet changes. As a new bus enters the fleet, upgrades and 
replacements for the technology will be installed on the new vehicle. 

More advanced operation systems (such as automatic vehicle locations systems (AVL) with arrival 
prediction) typically rely on real-time data communications and multiple independent systems on the 
vehicle. Most of these systems are replaced in five to seven-year cycles with some lasting as long as 10 
years. Most vendors of AVL systems offer service agreements with a variety of options in terms of 
technical support and software upgrades. Many transit authorities find the investment in these services 
worthwhile when factoring in the many costs for having the system go down for any extended period of 
time. 

3. REPLACEMENT APPROACH 
Developing an approach for the replacement of ITS components needs to be considered during the early 
steps of the systems engineering process with input from stakeholders. Typically, the initial replacement 
plan is developed as part of the Concept of Operations during the early phases of the systems 
engineering process. In terms of traceability, the replacement plan is validated during the operations and 
maintenance phase of the process. It is during those phases of the process that the decision of when to 
activate the replacement plan is constantly evaluated. 

3.1 Replacement Plan 

The replacement plan for a region for ITS components should be specific and tailored to the 
actual system in use. The replacement plan may change over time as maintenance skills and costs 
change, and as the regional goals and stakeholders evolve. Based on the continually changing 
environment of ITS, this report will not present a comprehensive replacement plan for all possible 
ITS components anticipated. Instead, this report will present guidelines and considerations for 
stakeholders to reference while developing a replacement plan during the systems engineering 
process. This report also will prescribe how to reassess the plan over time. 
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Overall, the replacement plan should be an integral part of the Concept of Operations. At a 
minimum, the replacement plan should have the following characteristics: 

 Include all relevant stakeholders from the Concept of Operations, as well as stakeholder 
responsibilities for operations and maintenance of the system. 

 Estimation of the expected date of replacement. 
 Estimation of the expected annual costs for operations and maintenance. 
 Determination of the criticality of the system (e.g., Does the system have to be fully 

operational during any maintenance or replacement activities?). 
 For mission-critical systems, develop a plan addressing minimal downtime for an interim 

solution or a plan to guide the migration or switch-over to the new system. 
 Identification of possible next-generation technologies that eventually could replace the 

proposed system. 
 Identification of training and staff changes associated with system replacement. 

 

3.2 Replacement Decision 

In theory, the decision on when to invoke the replacement plan for an ITS component should be 
simple and straightforward based on costs. The theory is that preventative maintenance has a 
point of diminishing returns. This point is reached when the cost of replacement (annualized over 
the expected life) is equal to the maintenance cost. Past this point, there is no financial incentive 
to continue operating the system. Figure 1 presents a generalized view of this scenario. 

 

  
Source: Guidelines for Transportation Management Systems Maintenance Concept and Plans 

Figure 1. Generalized View of Replacement Break-Even Point 

 

Accurately determining or predicting this break-even point requires significant and accurate data. 
An agency that can provide this information most likely uses a computerized maintenance 
management system (CMMS). The CMMS would have to track in great detail and accuracy a 
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device’s construction cost, replacement cost, salvage value, actual maintenance costs and hours, 
and expected useful life. 

Most agencies do not use a sophisticated CMMS so it is difficult to know when that exact break-
even point is reached and nearly impossible to predict that point in the future. In these cases, it is 
helpful to refer to the systems engineering process for guidance on when the decision to replace 
an ITS component is beneficial. 

 Does the existing system still meet user needs? 
 Are the actual annual operations and maintenance costs exceeding the budget? 
 Would the new system have a greater benefit-cost ratio than the existing system? 
 Will the existing system have a greater replacement cost in the future? 
 Has this analysis considered the benefit to all stakeholders? 

 
Overall, the systems engineering process guides owners to answer the question, “Would a new 
system work better and cost less to maintain?” If the answer to that question is yes, invoking the 
replacement plan for the component should be considered. 
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1. INTRODUCTION 
The purpose of this report is to document the recommended maintenance procedures for the Strategic 
Deployment Plan (SDP). The document provides a brief overview of the approach and specific 
checklists for the overall SDP as well as each task. The checklists, which can be found in the 
Appendices, include step-by-step guidance along with timelines required for each item and the 
cumulative checklist.  

There is guidance for maintaining the overall SDP and several of the individual tasks associated with the 
development. The maintenance plan is presented for three levels of updates: administrative, interim, and 
full. The administrative update is intended for annual revisions to certain components of the plan where 
projects have progressed and documentation should be updated. The interim update is designed for a 
steering committee evaluation and update to certain portions of the plan. Lastly, the full update outlines 
the complete stakeholder involved process of revising the SDP from the vision through to a new set of 
prioritized projects. Table 1 presents an overview of the included checklists and the frequency at which 
each should occur. If the task includes a checklist for a particular update, the Appendix page associated 
with each task is shown in the table. If no update is required, the cell will be empty. 

Table 1. Summary of Update Levels and Frequency 
Task Administrative 

Update 
Interim Update Full Update 

Complete SDP A1 B1 C1 
Best Practices   C2 
Vision, Goals, and Objectives  B2 C3 
Gap Assessment  B3 C4 
Regional ITS Architecture A2 B4 C5 
Cost Estimate A3 B5 C6 
Maintenance Plan*   * 
Integration with Planning*   * 
Project Evaluation and Prioritization A4 B6 C7 

Frequency Annually Every 4 Years Every 8 Years 
*These tasks have specific guidelines that drive their maintenance and do not have a specific checklist. 

 

Unlike the majority of tasks, maintenance for Best Practices, the Maintenance Plan, and Integration with 
Planning are not driven by frequency. Outside of the full update associated with the SDP every eight 
years, a revision for each of these tasks is driven by a specific occurrence. Maintenance associated with 
Best Practices is outlined as an ongoing task for the steering committee and stakeholders with a new 
Best Practices Report being developed via a checklist process during each full update. 
Recommendations such as attendance at conferences, professional meetings, webinars, and other 
training opportunities are important to stay current with changing technologies and the benefits 
associated with the identified best practices. Maintenance of the Maintenance Plan itself is driven by 
significant changes in the other tasks. This maintenance document should provide a comprehensive 
reference and step-by-step guidance for the components of the SDP and revisions should only be 
warranted as the individual components change. Lastly, Integration with Planning should only require 
revisions or modifications as local, state, and federal requirements are modified or established. 
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2. ADMINISTRATIVE UPDATE 
An “administrative update” is defined as addressing changes and modifications to the SDP that have 
been identified since the previous update. The revisions should be made within each related component 
and communicated to the stakeholders for acceptance. 

Administrative updates are recommended for project-specific tasks such as the regional architecture, 
cost estimate data, and project evaluation and prioritization. The regional architecture maintenance plan 
includes a project architecture conformance form to be submitted with each project. These forms should 
be collected throughout the year and one task can be performed to make necessary modifications within 
the regional and project architectures. Bid sheets from each year should also be assembled and reviewed 
annually for their potential impact on the specific cost estimates for each deployment type. This is not 
intended to be an exhaustive, in-depth cost comparison, but a quick comparison of unit costs with 
component estimates. Lastly, it is recommended that the project list included within the deployment 
plan receive an annual update. This administrative update is to update projects that become funded, 
move into construction, or are completed. The approximate timeline for an administrative update is one 
month, as shown in Figure 1. The administrative update checklists are in Appendix A. 

 
Task

Regional ITS Architecture
Cost Estimate
Project Evaluation and Prioritization

3 wkTime = 0 2 wk1 wk 1 mo  
Figure 1. Timeline for Administrative Update 

3. INTERIM UPDATE 
An “interim update” is defined by providing a review and revision of specific components of the SDP 
based on their alignment with other planning elements outlined in the integration document. It is not 
intended to develop the SDP from scratch, but to identify progress in deployment since the previous 
revision and determine possible discrepancies and misalignments that may need revision. 

The maintenance schedule includes alternating interim and full updates for the SDP. Based on the 
proposed process for integrating ITS projects into the Metropolitan Planning Organization (MPO) and 
transit planning processes, interim updates should occur four years after each full update. To align with 
the planning cycle and ensure consistency between the SDP and the North Carolina Transportation Plan, 
the first full update should occur in two years. As such, the first interim update should occur in six 
years. The interim update includes participation from the stakeholders and begins with an assessment of 
the current objectives. Next, the gap assessment, ITS regional architecture, and regional costs are 
revised. Finally, a new list of prioritized projects is created based on the updated data. The approximate 
timeline for an interim update is 10 months, as shown in Figure 2. The interim update checklists are in 
Appendix B. 
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Task

ITS Objectives
Gap Assessment
Regional ITS Architecture
Cost Estimate
Project Evaluation and Prioritization

Time = 0 10 mos2 mos 4 mos 6 mos 8 mos  
Figure 2. Timeline for Interim Update 

4. FULL UPDATE 
A “full update” is defined by revisiting and assessing the existing SDP from the Vision, Goals, and 
Objectives all the way through to the Cost/Benefit document that prioritizes projects for the region. 
Each component of the SDP may require varying levels of intensity and focus, but the intent is to revisit 
each component and confirm that the comprehensive SDP aligns with stakeholders’ vision and goals, 
and that the plan will guide the region to deploy technologies that successfully improve the identified 
objectives. 

It is anticipated that the administrative and interim updates will provide an opportunity to verify that the 
region is maintaining alignment with the established vision. However, significant changes within the 
region, such as new technology developments or variations in the regional growth, can warrant a full 
update that reviews the vision, goals, and objectives.  Following the integration schedule, the first full 
update shown is out of the recommended cycle; therefore, another full update is shown in two years to 
revisit the vision, goals, and objectives to ensure consistency with the North Carolina Transportation 
Plan update. The upcoming full update will only be necessary if there are extreme changes in the vision 
or direction of one of the stakeholder agencies.  From that point forward, full updates should occur 
every eight years. The SDP full update process includes the creation of a new regional vision, goals, and 
objectives, as well as a gap assessment, cost analysis, and other steps that feed into project development 
and prioritization. The full update completely rewrites the SDP and requires a 12 month investment 
from the stakeholders, as shown in Figure 3. Checklists associated with a full SDP update are in 
Appendix C. 

Task

Best Practices
Vision, Goals, and Objectives
Gap Assessment
Regional ITS Architecture
Cost Estimate
Project Evaluation and Prioritization

Time = 0 12 mos10 mos2 mos 4 mos 6 mos 8 mos  
Figure 3. Timeline for Full Update 
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5. MAINTENANCE PROCESSES FOR INDIVIDUAL TASKS 
In addition to the checklists provided in the Appendix, this section provides more detailed guidance for 
several of the SDP components. These procedures are provided for the Gap Assessment, Regional 
Architecture Maintenance, Cost Database Maintenance, an overview of integrating IDAS analysis, and 
maintain the project evaluation matrix and project prioritizing.  

5.1 Gap Assessment 

As part of a full update, stakeholders will need to perform a full gap assessment of the regional 
progress related to the established goals and objectives. It is important to obtain the most current 
version of the region’s Vision, Goals, and Objectives and confirm the most recently outlined 
objectives in the SDP. Each objective should be reviewed individually to identify the associated 
market packages from the National ITS Architecture. Market packages are individual components 
of the architecture that address specific services such as surface street control, network 
surveillance, or automatic passenger counters for transit vehicles. The most current National 
Architecture along with definitions for all of the available market packages can be accessed at 
http://www.iteris.com/itsarch/. 

Stakeholders should then perform a qualitative analysis of the region’s current inventory relative 
to each market package. For example, with respect to surface street control, the region’s 
technological and geographic coverage should be assessed. Each market package should receive a 
rank based on the established five-point descriptor scale (no deployment, minimal deployment, 
moderate deployment, significant deployment, or full deployment).  

The establishment of regional targets relative to each market package is the next step in the gap 
assessment. The target should be a consensus agreement by the stakeholders as it will identify 
where the stakeholders wish to focus future initiatives and deployments. Each market package 
should be ranked using the same five-point descriptor scale applied to the inventory assessment.  

Using the established inventory and regional target, the gap for each market package can now be 
defined based on the variance between the existing deployment or inventory and the regional 
target. Both technologic gaps and geographic gaps should be determined for each market 
package. Technological gaps exist when the infrastructure base is lacking or the corresponding 
technology is currently limited or not in use in the region. Geographic gaps exist when ITS 
equipment covers less physical area than is desirable and can be addressed through extensions of 
existing deployments. 

5.2 Regional ITS Architecture 

The ITS Architecture developed for the Triangle Region addresses the Region’s vision for ITS 
implementation at the time the plan was developed. As the Region grows, needs will change, and, 
as technology progresses, new ITS opportunities will arise. Shifts in regional needs and focus as 
well as changes in the National ITS Architecture will necessitate that the Triangle Regional ITS 
Architecture be updated to remain a useful resource for the Region. 

5.2.1 Procedure for Submitting ITS Architecture Changes Between Scheduled 
Updates 

Documentation for needed updates of the Regional ITS Architecture will need to be 
submitted to the maintainer of the regional ITS architectures, which is the NCDOT ITS 
Project Development Group. Between interim and full plan updates, administrative updates 
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will be required to accommodate ITS projects deployed in the Region. For situations where 
a change to the Regional ITS Architecture is required, an ITS Architecture Maintenance 
Documentation Form has been developed and is included in Appendix D. This form should 
be completed and submitted to NCDOT whenever a change is proposed.  

The Maintenance Change Request Form identifies three levels of modifications. They 
include: 

• Level 1 – Basic changes that do not affect the structure of the architecture 

Examples include: Changes to stakeholder or element name, element status, or data 
flow status. 

• Level 2 – Structural changes that impact only one agency 

Examples include: Addition of a new market package or modifications to an 
existing market package that affects only one agency. 

• Level 3 – Structural changes that have the potential to impact multiple agencies 

Examples include: Addition of a new market package or modifications to an 
existing market package that involves multiple agencies or incorporation of a new 
stakeholder into the architecture. 

In the process of documenting the change, the stakeholder proposing the change and the 
appropriate local MPO should contact all agencies that will be impacted to obtain feedback. 
The defined architecture review committee will review and accept the proposed changes 
when they are submitted and incorporate the changes into the market package diagrams and 
Turbo Architecture database. Most interim changes will not impact the Regional ITS 
Architecture document. If an interim change does impact the document, the committee will 
decide whether or not the change is significant enough to require an immediate update, or if 
the change can simply be documented for incorporation during the next complete update. 

5.2.2 Maintenance of Baseline Documents 

The NCDOT will be responsible for maintaining the official baseline documents for the 
regional ITS architecture. The following items are the components of the architecture 
baseline. 

• Regional ITS Architecture Document 

• Set of Customized Market Packages  

• Turbo Architecture Database 

The official Regional ITS Architecture document, in Microsoft Word format, will be held 
by the NCDOT and a PDF version of the document will be available for general 
distribution. A version number and date will be included on the cover page.  

The customized market packages, Turbo Architecture database and other baseline 
components also will be held and maintained by the NCDOT. Each document will use a 
versioning scheme that identifies the baseline and revision number. For example, since this 
architecture is an update of the initial release of the Triangle Regional ITS Architecture, the 
documents at the conclusion of this effort will be version 2.00. Minor revisions will be 2.01, 
2.02, etc. The next full update to the document will be version 3.00. 
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Table 2 summarizes the components of the Regional ITS Architecture and identifies the 
current version at the completion and release of this document. This table should be updated 
any time an interim update to the architecture document is performed. 

Table 2. Summary of Baseline Architecture Components 

Architecture 
Component Format Version at Completion of 

Update 

Architecture Document Microsoft Word (.doc) 2.0 

Customized Market 
Package Diagrams Microsoft Visio (.vsd) 2.0 

Turbo Architecture 
Database Turbo Database (.tbo) 2.0 

 

When completing the change form, the requesting agency should identify the baseline 
document versions that they are intending to modify to reduce the potential for confusion.  

5.3 Cost Estimate Database 

To update the cost information developed for this project, stakeholders should consult the Cost 
Estimate Spreadsheet (“spreadsheet”) and the Cost Estimate Report (“report”) in concert. The 
report will provide an explanation of terms used in the spreadsheet and reference sources for 
costs. The following sources also may be consulted for additional data and guidance. 

Archive of NCDOT Bidtabs: http://www.ncdot.org/doh/preconstruct/ps/contracts/letting.html 

USDOT ITS Cost Database: http://www.itscosts.its.dot.gov/ 

Inflation Calculator: http://www.dollartimes.com/calculators/inflation.htm 

It should be noted that all local costs within the spreadsheet were prepared with costs in 2009 
dollars. For costs in future years, the inflation calculator shown above should be used to generate 
equivalent 2009 dollars. 

5.3.1 Updating Capital Costs 

The capital costs in the spreadsheet were prepared using actual costs from current local 
North Carolina project data, or from non-local and more generalized sources (underlined in 
the spreadsheet). 

The reviewer should consult the NCDOT bidtabs to determine if the local capital costs in 
the spreadsheet are in line with costs from recent North Carolina projects. If not, the values 
in column D of the spreadsheet should be revised to reflect more appropriate device costs. 
The reviewer also should determine if any non-local capital costs can now be revised and 
aligned with costs from recent North Carolina projects. It is preferred that local data is used 
when available to provide more appropriate cost estimates and IDAS analysis. 

Stakeholders should consult the USDOT ITS Cost Database to determine if any updated 
capital costs from that database are relevant to the spreadsheet line items. It is important 
that the stakeholders reference and revise the description and assumptions for each item to 
ensure a fair comparison between the USDOT ITS Cost Database and the spreadsheet. Any 
identified cost updates should be made directly in column D of the spreadsheet as 
highlighted in Figure 4. 
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Figure 4. Capital Costs 

5.3.2 Updating Annual Operations and Maintenance Costs 

The annual operations and maintenance (O&M) costs in the spreadsheet were prepared 
using actual costs from local North Carolina agencies, or from non-local and more 
generalized sources (underlined in the spreadsheet). Note that these costs are assumed to be 
the total lifetime O&M costs averaged over the expected number of years. 

The reviewer should consult the budgets and expenditures of NCDOT Divisions and other 
agencies to determine if the local annual O&M costs in the spreadsheet are in line with 
costs from North Carolina deployments. If not, the values in column E of the spreadsheet 
may be revised. The stakeholders also should determine if any non-local annual O&M costs 
can now be revised based on costs from North Carolina deployments. Similar to the capital 
costs, using local data to support O&M costs is preferred. 

Stakeholders should consult the USDOT ITS Cost Database to determine if any updated 
annual O&M costs from that database are relevant to the spreadsheet. It is important that the 
stakeholders reference and revise the description and assumptions for each item to ensure a 
fair comparison between the USDOT ITS Cost Database and the spreadsheet. Any 
identified O&M updates should be made directly in column E of the spreadsheet as 
highlighted in Figure 5. 
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Figure 5. O&M Costs 

5.3.3 Updating Lifecycles 

The expected lifecycles in the spreadsheet were prepared using recommendations from local 
North Carolina agencies, or from non-local and more generalized sources (underlined in the 
spreadsheet).  

Stakeholders should consult the engineers of NCDOT Divisions and other agencies to 
determine if the local expected lifecycles in the spreadsheet are in line with those from 
North Carolina deployments. If not, the values in column F of the spreadsheet should be 
revised. Stakeholders also should determine if any non-local expected lifecycles can now be 
revised based on North Carolina deployments. Using local data to support the spreadsheet is 
preferred over non-local data. 

Stakeholders should consult the USDOT ITS Cost Database to determine if any updated 
expected lifecycles are relevant to the spreadsheet. It is important that the stakeholders 
reference and revise the description and assumptions for each item to ensure a fair 
comparison between the USDOT ITS Cost Database and the spreadsheet. Any updates 
should be made directly in column F of the spreadsheet as highlighted in Figure 6. 

. 

 
Figure 6. Lifecycles 

5.3.4 Updating Lifecycle Costs 

The total lifecycle cost in column G of the spreadsheet, highlighted in Figure 7, is 
automatically calculated from values in columns D, E, and F. Revisions to this column are 
not required as they are revised based on modifications in other columns. 
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Figure 7. Lifecycle Costs 

 

5.3.5 Adding New ITS Items 

It is expected that, over time, additional ITS items will be identified as potential 
deployments for the region and should be added to the spreadsheet. This is accomplished by 
inserting a new row in the appropriate section of the spreadsheet. Stakeholders then should 
make sure that all text and cost fields are appropriately completed. 

5.4 IDAS Modeling 

There is not a continuous maintenance associated with the IDAS software. Instead, when new 
projects are identified, revised costs are established, or project details are modified, it may be 
necessary to perform an analysis on the new or revised project(s). More detailed guidance related 
to use and application of the IDAS software is provided in the IDAS Manual. 

The first step is to confirm the most current adopted regional travel demand model (TDM). Next, 
the proposed projects that require analysis should be identified and the details confirmed. The 
required details include the location, proposed ITS components, and estimated costs. 
Additionally, the benefits database and potential local benefits data need to be referenced to 
confirm the anticipated benefits of the deployment. For project analysis, reference Section 4 of 
the IDAS Manual.  

If the project analysis is being performed separately from the overall project evaluation and 
prioritization, the calculated benefits can be extracted and used as needed within the project 
programming process. If the analysis is part of an update to the overall SDP, then stakeholders 
should reference Section 5.5 of this document for details pertaining to the project evaluation 
approach. 

5.5 Project Evaluation and Prioritization 

As the region progresses and continues to deploy and implement ITS projects, it is important for 
the stakeholders to maintain the project evaluation and prioritization documentation. Each year, 
projects that are funded should be updated and newly identified projects should be captured. In 
order to confirm that projects are compared on the same level, stakeholders should confirm the 
most currently adopted regional TDM. If it has not been updated, then newly identified projects 
can be compared directly with projects currently in the matrix. If a new TDM has been adopted, 
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then all projects will need to be analyzed with IDAS following the guidance provided in Section 
5.4 of this document.  

5.5.1 Funded Projects 

The system preservation tab is the first category within the matrix and is intended to capture 
the inventory of current deployments. Once funding for a project has been identified, that 
project should be extracted from its current tab (or category) and moved to the system 
preservation tab. The life expectancy for ITS components can vary between device types. In 
order to help the stakeholders plan for future replacements, projects containing device types 
with varying anticipated life expectancies must be segmented. Each preservation project 
created should include components that have the same life expectancy. For example, CCTV 
cameras and detection both have a 10 year life expectancy and can be packaged into a field 
device project, but DMS and fiber optic communications require individual projects for 
each since their life expectancy is 15 and 20 years, respectively.  

Once the projects are established, they should be entered into the project preservation tab 
with the anticipated year of implementation and the expected life expectancy completed. 
The life expectancy can be extracted from the cost spreadsheet discussed in Section 5.3. 
Next, the capital costs for the project should be confirmed and revised if needed and 
entered. Lastly, the system preservation tab and the original tab that contained the project 
both should be resorted to integrate potential changes in ranks.  

5.5.2 Newly Identified Projects 

During the interim and full updates of the SDP, the Gap Assessment should be reviewed to 
determine potential focus areas that may require new projects. The stakeholders should 
obtain the latest version of the cost spreadsheet to derive unit costs for the project 
components and derive the overall capital costs for each new project. The O&M costs also 
should be confirmed against the most recent cost spreadsheet.  

Within the evaluation matrix, the correct tab or category should be selected and a row 
inserted for each project. It is important that the stakeholders identify all of the project 
related data and complete those columns within the matrix.  

The values for Benefit / Cost, Travel Time Reliability, and Emission Reduction are 
provided from the IDAS results and obtaining these values is presented in Section 5.4. The 
volume/capacity (V/C) ratio is captured from the TDM by weighting the V/C for all of the 
links touched by the proposed project. The System Preservation score is calculated from the 
anticipated year of implementation and life expectancy of the project. It is important that the 
“year” listed in the raw data column be updated to the current year. This value also is 
referenced to score each of the projects. 

5.5.3 Results 

Once the project lists have been updated within each tab, the projects should be sorted by 
Rank. Once sorted, the stakeholders should assess the timeframe column and determine if 
any of them should be revised based on the new ranking. If so, the corresponding short, 
medium, and long term timeframe should be revised in the timeframe column.  
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1. INTRODUCTION 
The Triangle region stakeholders are investing energy into more consistently analyzing the potential 
impacts and benefits of ITS deployments. For the Strategic Deployment Plan (SDP) update, the ITS 
Deployment Analysis System (IDAS) software is being used for analysis and comparison. Additionally, 
the stakeholders will continue to use IDAS in future years as they revise the list of prioritized projects. 

All of the previous steps in the SDP development process have been important stepping stones in 
generating a prioritized project list that can guide the Triangle region’s stakeholders in deploying the 
most effective ITS solutions.  

The document includes four main sections. 

1. Determination of Projects: This section highlights how the projects were derived and 
organized for analysis. 

2. IDAS Methodology: This section describes how the individual projects were input to IDAS, 
evaluated, and how the results were packaged for comparison. 

3. Project Evaluation Measures: This section presents the evaluation matrix that is comprised of 
five categories determined by the stakeholders. These categories were chosen to provide a 
consistent platform for ranking and prioritizing projects. 

4. Results of Analysis: This section presents the results of the populated evaluation matrix and 
prioritized projects.  

5. Appendices: The project related data is provided in appendices for ease of maintenance of the 
document.  

The body of the document provides the approach and methodology used in the project evaluation and 
prioritization. The document provides an overview of the processes involved in its development and 
recommendations for reviewing and referencing the data. The use of appendices to house the results and 
project data allow this to be a dynamic document.  
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2. DETERMINATION OF PROJECTS 
Building on the development of the region’s objectives and needs identified in the gap assessment, a 
preliminary listing of projects was identified. This list was cross-referenced with projects previously 
identified by the stakeholders and then refined through stakeholder feedback. The gap analysis 
identified ITS solutions and more specifically, market packages, as defined by the National ITS 
Architecture (www.iteris.com/itsarch/) that could be selected to achieve a desired level of operations for 
the region.  

Through stakeholder feedback, a refined listing of projects was developed based on the gap assessment 
and regional objectives. The projects were segmented into six distinct categories. Five of the categories 
are based on associated market packages from the Triangle Regional ITS Architecture. The sixth 
category is segmented to capture system preservation projects. These projects are in a standalone 
category because their prioritization is addressed differently than other project types. NCDOT has made 
a commitment to ITS and currently has a well defined procedure for establishing the operations and 
maintenance funds for the statewide ITS infrastructure. The System Preservation projects should 
provide a prioritized listing of regional projects that easily feed into the current process. 

• System Preservation: These projects represent the existing deployment of field devices and 
include the year of implementation. These projects are identified to assist the stakeholders in 
planning for extensive operations and maintenance costs associated with the replacement of 
devices. The projects were segmented into field devices and communications based on the life 
expectancy of each: 10 years for CCTV cameras and detection equipment, 15 years for DMS, 
and 20 years for communications. 

• Highway Projects: These projects include freeway and arterial deployments that are typically 
funded by NCDOT or municipal projects. They also include technologies for controlling traffic 
flow on freeways and arterials, such as ramp metering and interconnected traffic signals.  

o Advanced Traffic Management Systems (ATMS) – Freeway and Arterial 
Management: These projects include deployments associated with surveillance and 
information dissemination on the network of controlled access facilities in the Triangle 
region. They include expansion of closed circuit television (CCTV) cameras, dynamic 
message signs (DMS), infrastructure-based detection, and communication. 

o Advanced Traffic Management Systems (ATMS) – Freeway and Arterial Control: 
These projects represent traffic management solutions focused on controlling 
congestion through more direct impacts on traffic flow. Deployment types include 
interconnected (or closed loop) signal systems, centralized signal systems, and ramp 
metering.  

• Corridor Management: This category represents Active Traffic Management (ATM) projects, 
which are deployments that use an aggregation of technologies to reduce congestion along a 
roadway. Devices used in ATM applications include variable speed limit (VSL), lane control 
signs, and hard shoulder running. These deployments also require the addition of crash 
investigation / recovery sites since the shoulder is used as a travel lane to gain capacity. ATM 
has been used in several European countries, but is very new to North America with 
Washington State looking to implement the first comprehensive deployment. These 
deployments are segmented into their own category since IDAS cannot be used for analyzing. 
The costs and anticipated benefit values used for the Triangle region are based on the 
Washington State DOT project costs and anticipated benefits. 
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• Transit Projects or Advanced Public Transportation Systems (APTS): The APTS projects 
represent all field device deployments and central system improvements related to improving 
public transportation operations in the region. Most of these projects are transit signal priority 
corridors and DMS located at transit stops or depots. Vehicle-based deployments on fixed route 
operations were not identified based on feedback from the transit stakeholders. Currently, new 
vehicles are purchased with the technology installed and the replacement of devices is 
completed as vehicles are replaced.  

• Emergency Management (EM) Projects: The majority of these projects represent freeway 
courtesy patrol expansions for the Incident Management Assistance Patrol (IMAP) program. 
Additionally, there are two projects that were identified by the stakeholders. 

• Regional Non-infrastructure Projects: This category represents projects that have regional 
applications and cannot be easily evaluated using the IDAS software. These projects were either 
submitted by stakeholders or identified by the gap assessment, but the true benefit / cost impact 
is difficult to capture for these projects. Details that can be assembled are included so that 
stakeholders do not lose the importance of these projects. Additionally, as other regions identify 
measureable benefits for these deployments in the future, the Triangle region stakeholders will 
be able to better apply those benefits and weigh these regional projects against other project 
types. 

• Statewide Non-Infrastructure Projects: These projects represent statewide applications and 
are not easily evaluated using the IDAS software. These projects were submitted through 
stakeholder input and are documented within the Triangle Regional SDP to more successfully 
integrate regional and statewide initiatives.  

Appendix A contains maps of identified project locations where feasible. The projects are identified 
using a unique identifier comprised of specific classifiers as shown in Table 1. The intention is to 
provide a naming convention that can be applied statewide. Additional columns within the project tables 
include the route or transit agency, the respective Metropolitan Planning Organization (MPO), and 
county. These columns will allow the stakeholders to sort based on the specific needs.  

 

Table 1. Overview of Project ID Structure 
Generic Project ID: AAAA-BBBB(R)-CCCC 

Portion of Identifier Description Example 

AAAA Region TRI (Triangle) 

BBBB 
Market Package ATMS; APTS; EM 

Route / Transit I40 (I-40); I540 (I-540) 

R System Preservation 
Projects I40R; I540R 

CCCC 
Numerical Count 001; 003; 003 

Communications 
Deployment Comm 

 

Below includes a list of proposed projects with example project ID structure and the associated project 
description.  
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• TRI-ATMSUS70BypR-001CCTV (Replace CCTV Cameras installed in 2008);  

• TRI-ATMSI40R-001Comm (Replace Comm. Infrastructure installed in 1999);  

• TRI-ATMSUS64-002 (Fiber, detection, cameras, and DMS installed along US-64);  

• TRI-APTSCAT-005 (Install DMS at transit stop along CAT transit routes); 

• TRI-EMI40-001 (Extend roadway service patrol on new portion of I-40); 

• TRI-ADMULTI-001 (Collects data and data catalogs from one or more data sources and stores 
data in repository). 

3. IDAS METHODOLOGY 
This section includes a brief overview of the IDAS software used to conduct the cost/benefit analysis for 
this project. More detail about the IDAS software is included in the tailored IDAS manual prepared for 
the Triangle region as part of this project. The development of IDAS was funded by the Federal 
Highway Administration (FHWA) to assist state, regional, and local agencies in integrating ITS projects 
into the transportation planning process.  

Planners and others can use IDAS to calculate the relative costs and benefits of ITS investments. IDAS 
currently can predict costs, benefits, and impacts for more than 60 types of ITS investments in 
combination or isolation. Figure 1 shows how IDAS fits into the overall ITS architecture and planning 
process. As shown, the model is used to help evaluate new or expanded ITS deployments, or to evaluate 
the benefits realized from existing deployments. IDAS also can help in developing planning-level cost 
estimates for both replacement and new deployments. 

 

Process

Categorize by 
Stakeholder and 
Market Package

Outputs

Market PackagesRegional ITS 
Architecture

Inputs

Stakeholder Inputs

Transportation Plans 
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Perceived Deficiencies 
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Quantify System 
Deficiencies
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Evaluation Criteria

IDAS Model Runs
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Figure 1. IDAS in the ITS Planning/Architecture Process 

 

In order to be consistent with current transportation planning processes, IDAS operates as a 
postprocessor to travel demand models used by MPO and by state Departments of Transportation 
(DOTs). ITS alternatives are coded into the model with a graphic user interface (GUI), similar to that 
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used in many travel demand forecasting programs. For the Triangle region analysis, travel demand 
model output files with loaded volumes, speeds, and volume/capacity (V/C) ratios are used. These 
loaded link files are imported into spreadsheets and growth factors applied by region for future years. 

There are a number of ITS improvements that can be assessed in IDAS, such as ATMS, APTS, EM, and 
ATIS. The set of impacts evaluated by IDAS includes changes in user mobility, travel time/speed, 
travel-time reliability, fuel costs, operating costs, accident costs, emissions, and noise. The performance 
of selected ITS options can be viewed by market sector, facility type, and district. IDAS is comprised of 
the following five analysis modules: 

• Input/Output Interface Module (IOM) 
• Alternatives Generator Module (AGM) 
• Benefits Module 
• Cost Module 
• Alternatives Comparison Module (ACM) 

 

The input/output interface is used to specify and translate the data files provided by the regional travel 
demand models, and convert the data into a format that can be used internally by the IDAS model. The 
alternatives generator module allows an analyst to use a GUI to define and code ITS improvements into 
IDAS as shown in Figure 2. 

 

Figure 2. IDAS Graphic User Interface 
IDAS estimates both traditional benefits of ITS deployment (e.g., improvement in average travel time) 
and non-traditional benefits (e.g., reduction in travel-time variability). The cost module helps to define 
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the incremental costs of the various ITS deployments being studied, including capital costs and 
operating and maintenance costs. Finally, the alternative comparison module provides the analyst with 
information regarding the value of user benefits from ITS deployments, the associated costs of the 
deployments, and a comparison of the benefits and costs for different ITS deployment options. The 
structure of the IDAS model is shown in Figure 3. 

 

Benefits Module

Travel Time/Throughput

Environment

Safety

User 
Input 

Alternatives Generator

Alternatives Comparison Module

Cost Module

Outputs

• •Performance measures 
• •Cost/benefit analysis 
• •Sensitivity analysis 
• •Ranking of ITS options 
• •Risk analysis 
• •Plots of link volumes 

and speeds

Input/Output Interface

Travel Demand Model Data

Benefit Valuation

Travel Time Reliability

• IDAS control alternative assignment 
• Mode choice
• Temporal choice
• Induced/foregone demand

• IDAS ITS option assignment
• Mode choice
• Temporal choice
• Induced/foregone demand

• Traditional benefit measures
• Nontraditional benefit measures

 

Figure 3. IDAS Model Structure 
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The specific evaluation measures generated by IDAS include: 

• Vehicle miles of travel (VMT) 
• Vehicle hours of travel (VHT) 
• Average speed 
• Person hours of travel (PHT) 
• Number of person trips 
• Number of accidents 

 Fatality 
 Injury 
 Property damage only 

• Travel-time reliability (hours of unexpected delay) 
• Fuel consumption (gallons) 
• Emissions 

 Hydrocarbon and reactive organic gases 
 Carbon monoxide 
 Nitrous oxides 
 Particulate Matter (PM-10) 

 

The IDAS Cost/Benefit Summary details the results of the benefits evaluation (value of time saved, 
value of accident reductions, etc.), cost analysis of the ITS option, net annual benefit, and benefit/cost 
(B/C) ratio. These include: 

• Annual Benefits 
 Change in user mobility 
 Change in user travel time (in-vehicle, out-of-vehicle, and travel-time reliability) 
 Change in costs paid by users (fuel costs, no fuel operating costs, and accident costs – 

internal only) 
 Change in external costs (accident costs – external only, HC/ROG, NOx, CO, PM10, 

CO2, global warming, noise, other mileage-based external costs, and other trip-based 
external costs) 

• Annual costs 
 Average annual public sector costs 

 Initial capital 
 Operations and maintenance 
 Capital replacement 

 Net benefit (annual benefit minus annual cost) 
 B/C ratio (annual benefit/annual cost) 

 

3.1 Benefit Parameters 
The following section summarizes the benefit parameters used in the Triangle ITS Strategic Plan 
Update. The parameters were developed based on: 1) national default parameters collected for 
FHWA’s ITS Benefits Database and incorporated into the IDAS software on a regular basis, 2) 



 
Triangle ITS Communications Partners 

ITS Strategic Deployment Plan Update  FINAL Project Evaluation and Prioritization Report 
Triangle Region 8 March 2010 

experience gained by conducting cost/benefit analysis in various regions of the country, and 3) 
survey data on the public’s use of ITS deployments conducted in Michigan, Ohio, Florida, and 
Indiana. 

3.1.1 Advanced Traffic Management System (ATMS) 

It is assumed that ATMS, or FMS, includes surveillance, detection, and a staffed 
transportation management center (TMC). The parameters used to evaluate the ATMS 
deployment varies depending on the use of DMS and freeway service patrols.  

In the scenario of CCTV cameras, detectors, and a staffed TMC with DMS, incident 
management response is improved and the benefits calculated are based on the response of 
motorists to the DMS messages. While multiple traveler information sources may be 
utilized, the DMS is considered the primary means of communication for motorists on the 
highways. Benefits are achieved by providing motorists with advance notice of congested 
conditions and providing them with an option to take an alternate route. Thus, the three 
parameters used to estimate benefits are: 1) percent of the time when relevant information is 
being displayed on signs; 2) percentage of motorists who divert due to the information 
provided; and 3) the time saved by each motorist who diverts. Relevant information is 
considered notice of a delay ahead that is severe enough to consider diversion. Generally, 
estimates derived from motorist surveys conducted in the Detroit, Michigan and Cincinnati, 
Ohio regions, as well as in Florida and Indiana, are used to help develop these parameters. 
In these areas, motorists reported that they changed routes in response to DMS messages on 
average about 25 to 30 percent of the time. This response was consistent across all parts of 
both metropolitan areas. Survey estimates of time saved (generally in the range of 10 to 15 
minutes) were reduced since they seemed to be exaggerated and produced unrealistic 
estimates of benefits. Approximate estimates of 5 minutes in travel time savings is generally 
used in IDAS applications, as shown in Table 2. 

 

Table 2. ATMS Benefit Parameters with DMS 

Freeway Management System (DMS, 
CCTV, Detection, TMC) – urban areas 

Percent of drivers who divert 25% 

Percent of time information is provided 
that may result in diversion 5% 

Estimated time saved 5 minutes 
 

Separate parameters are proposed for areas of the roadway network not covered by DMS. It 
is recognized that these areas still receive the benefits of having CCTV cameras, detection, 
and TMC operations personnel observing the system. The parameters proposed for roadway 
segments with these deployments without DMS are shown in Table 3. 
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Table 3. ATMS Parameters for CCTV Cameras and Detection Equipment Only 

Additional Benefits from Detection and 
Surveillance Deployment (CCTV and 
Detectors) without DMS 

Incident duration reduction 5% 

Fuel consumption reduction 1% 

Fatality reduction 1% 

Emission reduction 1% 
 

The impact of incident reduction uses a table of “delay rates” that is arranged by 
volume/capacity, and number of lanes on the link. The change in the delay rate that is taken 
from this table is calculated by:   

dry = dr0(1 – rd)^2 , where: 

dr0 = nominal delay rate 

dry = improved delay rate 

rd = incident reduction time 

The incident reduction time (rd) is 5%. Once (dr0 – dry) relationship is obtained, this is 
multiplied by the vehicle miles of travel to obtain the net hours of reduction in unexpected 
delay.  

3.1.2 Freeway Service Patrols 

Freeway Service Patrols, such as IMAP used in NC, rely on surveillance, detection, and 
TMC operation, but their benefits are calculated separately. The ability to respond quickly 
to incidents and remove them from both the road and the shoulder more quickly reduces 
delay, but also helps to reduce secondary crashes, fuel consumption, and emissions. 
Parameters are based on a review of Freeway Service Patrol activity reports in other cities 
with recommended parameters shown in Table 4.  

Table 4. Freeway Service Patrols Benefit Parameters 

Freeway Service Patrol  

 

Incident duration reduction 5% 

Fuel consumption reduction 1% 

Fatality reduction 1% 
 

3.1.3 Ramp Metering Analysis 

Ramp metering controls access to freeways resulting in a capacity increase on the freeway 
segments and a corresponding reduction in capacity on freeway ramps. The objective is to 
improve overall mobility by reducing travel time on the more heavily traveled freeways and 
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diverting some shorter trips to parallel arterials. In this analysis, IDAS default values were 
used including a 10% increase in freeway capacity and a corresponding decrease of 10% in 
ramp capacity shown in Table 5. 

Table 5. Ramp Metering Benefit Parameters 

Ramp Metering  

 

Capacity change on metered freeway 
segments 

10% 

Capacity change on metered ramps -10% 
 

3.1.4 Advanced Public Transportation Systems (APTS) 

Advanced Public Transportation Systems (APTS) options proposed for the Triangle region 
includes real-time bus arrival on DMS at bus stops and transit signal priority (TSP) projects 
on specific corridors. Bus stop DMS provide information that enables passengers to reduce 
wait time while TSP corridors reduce in-vehicle travel times. An adjusted IDAS default 
value was used for bus stop information while IDAS default was used for TSP projects 
shown in Table 6. 

 

Table 6. APTS Benefit Parameters 

 Bus Stop Information Signs  Reduction in out-of-vehicle travel time 2.5% 

Transit Signal Priority Projects Reduction in in-vehicle travel time 13% 
 

3.2 Economic Parameters 

In order to compare benefits across various categories, the results of the IDAS evaluation will 
need to be monetized. Table 7 presents a series of factors originally developed by the Wisconsin 
DOT (WisDOT) for this purpose. These parameters are documented in the WisDOT Traffic 
Guidelines Manual, 16-20-70, Financial Assumptions for Engineering Economic Analysis, 
January 2008. The parameters then were modified for use in analysis for the Virginia DOT, 
which is considered more comparable to North Carolina. Several factors were divided by region 
in Virginia and the factors developed for Northern Virginia were applied to the Triangle region. 

Some additional adjustments were made to this table to more accurately address conditions 
specific to the Triangle region. For evaluating transit time savings, it was assumed that the 
average income for transit riders generally is lower than the general commuting public. Except 
for larger metropolitan areas that provide an extensive rail transit system, this statistic is 
consistent in most urban areas. In addition, the lower average income in the Triangle region is 
related to the large portion of the ridership that consists of university students. As a result, the 
value of time for transit riders was assumed to be half that of the general commuting public, or 
$12/hour. 
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For analysis, separate values of time can be used for commuting trips, off-peak trips, and 
commercial vehicle trips. For the Triangle region, the $24/hour value of time represents an 
estimated composite of all vehicle trips, including commuting trips, non-work trips, and 
commercial vehicle trips. Commercial vehicle trips generally have a higher value of time than 
non-commercial trips, but a commercial vehicle market sector was not available for this analysis.  

 

Table 7. Monetary Values of IDAS Default Parameters in Constant 2010 Dollars 

 Parameter Values 
Benefit Parameters 
Number of Travel Days in a Year 247 
Year of Dollar Values 2010 
Inflation Rate 3% 
Value of In-Vehicle Time $24.00 
Value of Travel Time for Transit $12.00 
Fuel Costs (Gallon) $2.50 
Emissions Costs (Dollars/Ton) 
HC/ROG $3,020  
NOX $6,351  
CO $6,620  
PM10 $18,839  
CO2 $6.06  
SO2 $6.06  
GW $0.00  
Accident Costs 
Internal  
Fatality $4,490,000 
Injury $86,415  
Property Damage $7,760  
External  
Fatality $696,213  
Injury $15,250  
Property Damage $847  
No Fuel Operating Costs (Dollar/Mile) $0.11  
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4. PROJECT EVALUATION MEASURES 
The North Carolina Department of Transportation (NCDOT) along with the MPO and transit agency 
partners in the Triangle region look at several criteria when determining projects to implement. 
Currently, these include available funding sources, agency priorities, and project investment. The 
NCDOT also is in the process of developing a new approach to project programming through the 
Strategic Planning Office of Transportation (SPOT). It is envisioned that the project evaluation 
approach presented through the SDP will coordinate with the SPOT to arrive at an effective approach 
for selecting and prioritizing projects. Each of the proposed projects in the Triangle region are evaluated 
to determine the best investment with regard to the motorists and the surrounding area, the timeframe, 
and which project would provide the highest return.  

As part of the SDP, an evaluation matrix was developed for stakeholders to use as a tool to compare 
projects based on specific project evaluation measures including IDAS results. The matrix consists of 
five criteria used to evaluate each project. The cost/benefit criterion is just one that is used to guide the 
decisions regarding the best investment to yield the best return. The data compares the benefits to the 
costs between the different project packages. Other project evaluation measures captured in the matrix 
include travel time reliability, emission reduction, V/C ratio, and system preservation. This section 
provides an overview of the project evaluation measures used in the analysis.  

4.1 Evaluation Matrix 

The evaluation matrix is segmented into four major categories. These include Project 
Information, User Benefits and Mobility, Preservation, and Environmental. The project 
information captures specific characteristics about the project including the project ID, 
description, MPO, and county (shown in Figure 4). The other three categories are the major 
headings for the project evaluation measures. Figure 4 shows the project evaluation measures 
columns within the evaluation matrix.  

 
Figure 4. Evaluation Matrix – Project Evaluation Measures 

 
The evaluation matrix is a weighted system that ranks the ITS projects developed as part of the 
deployment plan. The data incorporated in the matrix includes the results from IDAS, the 
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Triangle Regional Model (TRM), and project specific information. Each category is considered 
independently and normalized based on the maximum number of available points. It is important 
to normalize the data before all of the projects in the matrix are compared so that outliers do not 
skew the results to produce ineffective rankings. The normalization methodology is explained 
further in Section 4.2. There are five categories that are considered, three of which will obtain 
data from IDAS. In addition, there is a score associated with system preservation and for projects 
on or adjacent to high volume/capacity (V/C) facilities. The 2005 travel demand and IDAS 
models were used to obtain the majority of the data. However, projects that were located on 
facilities that were not present in 2005 travel demand model were evaluated using 2035 data. 
Within the evaluation matrix, these projects are designated with an ‘*’ for clarification. 

Operations and maintenance costs for the projects also are captured within the evaluation matrix. 
For a majority of the projects, a 10% O&M rate was applied based on an assessment of actual 
costs provide by the NCDOT Division 5 personnel. The details of this analysis is presented in 
Appendix B. Freeway courtesy patrol (FCP) are the only project type that are not assigned an 
O&M rate of 10%. FCP requires the addition of vehicles, which is captured in the capital costs, 
but also requires additional drivers to cover expanded routes. To accommodate the salary for 
additional personnel, the O&M costs associated with FCP deployments was set to 100%.  

4.1.1 Benefit/Cost Ratio 

The benefit/cost ratio is the first project evaluation measure under the User Benefits and 
Mobility category. The value is taken from IDAS and inserted into the matrix. IDAS 
generates a benefit/cost ratio based on the total monetized value of the benefits calculated 
for the project divided by the annualized cost of the project. The annualized cost 
encompasses the total capital cost, the operations and maintenance costs, and the life 
expectancy of the deployment components. Figure 5 shows examples of benefit/cost data 
inserted into the matrix. 

 
Figure 5. Evaluation Matrix – Benefit/Cost 
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4.1.2 Travel Time Reliability 

Travel time reliability also is included within the User Benefits and Mobility category. It is 
a dollar value extracted from the IDAS output. It is defined as the estimated non-recurring 
delay associated with implementation of the associated project. IDAS uses a formula to 
compare the variation in incident frequency and incident duration to measure the benefit of 
a project. The value is provided in dollars and example values are shown in Figure 6. 
Figure 7 demonstrates where within the IDAS software the IDAS results and specific 
Travel Time Reliability results can be found. 

 
Figure 6. Evaluation Matrix – Travel Time Reliability 
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Figure 7. Travel Time Reliability Data Within IDAS 

 

4.1.3 V/C Facility  

The third and final metric included in the User Benefits and Mobility category is associated 
with the volume/capacity (V/C) ratio. The V/C ratio indicates where high levels of 
congestion exist; a high V/C ratio signifies greater congestion. In recent project 
development strategies, the NCDOT has identified V/C ratio as a key performance measure 
when evaluating the statewide network. For the analysis within the SDP, V/C ratio is 
defined as a project evaluation metric, which is different from the application used for 
performance measuring evaluation. Within the SDP, a weight is assigned to those 
applicable corridors with high V/C ratios to quantify the significance of the project location.  

For each project, an average V/C ratio is computed by the sum of each link V/C ratio 
weighted by VMT then divided by the sum of the link VMTs. It only applies for those 
projects along specific corridors. It also is assumed that the V/C ratio will be from the AM 
peak and PM peak assignment from the existing plus committed scenarios. The ratio will 
help select projects based on their ability to contribute to the system-wide V/C ratio. This 
data is extracted from the travel demand model and not from IDAS output. Figure 8 
highlights the V/C column within the evaluation matrix. The V/C ratio data extracted from 
the travel demand model will be assigned values as shown below. 

• For projects with V/C ratios of 0.80 to 0.85, up to 25% of the points available in 
this category will be assigned.  

• For V/C ratios of 0.85 to 0.90, between 25% and 50% of the points will be 
assigned.  
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• For V/C ratios of 0.90 to 0.95, 50% to 75% of the points will be assigned.  

• For V/C ratios of 0.95 to 1.0, 75% to 100% of the points will be assigned.  

• For V/C ratios greater than 1.0, 100% of the points will be assigned.  

 

 
Figure 8. Evaluation Matrix – V/C Ratio 

 

4.1.4 System Preservation  

System Preservation is intended to give weight to projects that are necessary to maintain 
current systems or technologies, such as replacing or upgrading existing equipment to 
maintain function. In most circumstances, the costs associated with maintaining the current 
infrastructure will outweigh the importance of expansion projects. Values for the system 
preservation projects are not extracted from IDAS. The projects are input into IDAS so the 
cost stream associated with the operations and maintenance costs and eventual replacement 
costs are captured with proposed projects. Figure 9 shows the System Preservation portion 
of the evaluation matrix.  

For the evaluation matrix, the system preservation projects were weighted within the System 
Preservation column based on their relationship to the current year. To calculate the 
Expected Year of Implementation, the matrix references the year of implementation for the 
existing deployment components and adds the Expected Project Life. To generate a System 
Preservation raw data score, the current year is then subtracted from the Expected Year of 
Implementation.  

System Preservation Raw Data = Expected Year of Implementation – current year 

Points for each project then are determined through the normalization process described in 
Section 4.2.  
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Figure 9. Evaluation Matrix – System Preservation Projects 

 

4.1.5 Emission Reduction  

The fifth metric is emission reduction and its values are extracted from the IDAS output. 
The emission reduction is determined by calculating the difference between emissions 
associated with the control alternative and the ITS project evaluated. The emissions rate is 
determined for each pollutant under study by characterizing links by facility type, travel 
mode and type, year of study, and speed range. It then is multiplied by the VMT link to 
determine the mass pollutant emitted for that link alternative. All links associated with the 
project then are summed to calculate the aggregate emissions for the project. Additionally, 
three types of emissions are calculated and must be summed for the total emission reduction 
value that is entered in the evaluation matrix. Figure 10 contains example values for this 
category. Figure 11 demonstrates the location of the emission reduction results within 
IDAS. 

 
Figure 10. Evaluation Matrix – Environmental Category 
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Figure 11. Emission Reduction Data Within IDAS 

 

4.2 Normalization of Data 

Once the data is input into the evaluation matrix, each category must be normalized and points 
assigned. Each category has a maximum number of points available and a project achieves points 
based on a comparison of results between all of the projects. The project with the lowest 
reduction, hours, or net return will be given zero points. The project with the highest reduction, 
hours, or net return will be given the maximum number of points specific to each category. All of 
the projects in between will be given points according to categorical formulas established. The 
data is normalized based on the following formulas for each category.  

 

Benefit/Cost and Travel Time Reliability: 

Points =  

 

Where: R = raw data from IDAS 

MAX = maximum value of all raw data 

MIN = minimum value of all raw data 

 

(       )R‐MIN
MAX‐MIN

_________ X (Points Possible) 

Raw data used to 
populate spreadsheet 

Carbon Monoxide Emissions 
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V/C Ratio: 

For R < 0.8, Points = 0 Points 

For R > 1.0, Points = Maximum Points Possible 

 

Points = 

Where: R = raw data; V/C ratio for the given corridor 

MAX = maximum value of all raw data 

MIN = minimum value of all raw data 

 

System Preservation: 

Points =  

 

Where: R = raw data; number of years until the project will require replacement 

MAX = maximum value of all raw data 

MIN = minimum value of all raw data 

 

Emission Reduction: 

Points =  

 

Where: R = raw data from IDAS  

**emission reduction raw data is given with negative numbers being more 
advantageous, therefore the normalization formula was modified to reflect more points 
for a smaller number. This formula only considers values less than 0 (reduction in 
emissions). 

MAX = maximum value of all raw data 

MIN = minimum value of all raw data 

After points are assigned for each project they are tallied for the Total Points. The Out of Possible 
Number of Points column captures the total possible points that a specific project can achieve. For 
example, a system preservation project will not have IDAS generated values since the 
deployments exist and it is difficult to calculate their benefit since the benefits are currently 
realized within the travel demand model. Finally, the Total Ranking is determined as a percentage 
of points that are possible to obtain for each given project. The formula is shown below. 

Total Ranking = Total Points / Out of Possible Number of Points 

This provides a value for each project that can be compared for the prioritization of projects. 

(       )R‐MAX
MIN‐MAX
________ X (Points Possible)

(       )R‐MAX 
MIN‐MAX 
________ X (Points Possible) 

(       )R‐0.8
0.2

________ X (Points Possible) 
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5. RESULTS OF ANALYSIS 
Appendix C contains the complete evaluation matrix for all of the projects. As previously stated, the 
matrix includes columns for county, MPO, project type, and route/transit agency so stakeholders can 
sort projects by a combination of score and other descriptors. Within each of the defined categories, the 
projects are sorted based on their total score and rank. The projects then are assigned a timeframe of 
short, medium, or long term. This timeframe is for packaging and prioritizing projects and does not 
specify the anticipated year of implementation for unfunded projects. As defined in the Regional ITS 
Architecture Document, projects scoring within the top tier will be classified as short term (0-5 years); 
second tier projects will be classified as medium term (6-10 years); and the lowest scoring tier projects 
will be classified as long term (over 10 years). This also is controlled for capability of the project to be 
built (e.g. a project may show high evaluation score, but may be located on a facility that is not to be 
constructed for 10 years). It is expected that stakeholders will assess within each category to refine the 
phases of deployment. Additionally, the project architectures within the Turbo Architecture database 
will be revised to include the assigned timeframe. 

Preliminary phasing was determined for each of the categories to provide a starting point for stakeholder 
discussion. The short term phase included the smallest number of projects assuming that less funding 
would be available during the first few years, but as projects are more integrated with the regional 
planning efforts, funding could increase for the medium and long term projects.  

5.1 System Preservation Projects 

Logically, the System Preservation projects ranking the highest include devices that are nearing 
or have reached the end of their estimated life expectancy. The only project evaluation measures 
available to these projects are their location relative to high V/C ratio facilities and the time to the 
end of their anticipated life expectancy. These allow projects implemented the same year to rank 
higher if they are located on more congested roadways. The projects with short timeframes are 
those that are already at the end of their life expectancy or will be within a few years.  

5.2 Highway Projects 

The Highway projects that rank highly tend to be those with high benefit/cost ratios and that are 
located on or adjacent to facilities with high volume/capacity ratios and will have a large positive 
impact on travel time reliability. The types of projects that comprise the highly ranking projects 
vary widely including signal coordination, ramp metering, and freeway management strategies on 
certain corridors. It also is interesting to note that no one type of deployment within the highway 
category scored consistently high or low. Ramp metering, for example, appears to be a good 
option in certain locations with benefit/cost ratios over 60, but not in other locations with 
benefit/cost ratios approaching negative 10. Ramp metering also generated some negative impacts 
on travel time reliability, based on the impact to arterial travel. 

5.3 Corridor Management Projects 

As previously stated, ATM is a new approach to traffic management in North America. It has 
shown significant benefits in Europe, but has not been fully tested with the American drivers to 
determine the true benefit on our highways. Additionally, due to the significant density of 
infrastructure required to deploy ATM, the deployments have a very high capital costs. Based on 
the high cost associated with these deployments, they were all listed in the long term phase for 
deployment. As deployments are implemented in Washington and other states, analysis of their 
impacts should be reviewed to determine the potential impacts for the Triangle region.  
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5.4 Transit Projects 

Transit deployments analyzed for this project focused on the deployment of DMS at transit stops 
and transit signal priority (TSP) on key corridors. The results were mixed across both project 
types and within the jurisdiction of multiple transit agencies. Based on the regional approach to 
public transportation in the Triangle, stakeholders should be able to easily prioritize and select 
projects that build out and most effectively improve their operations. Several of the TSP routes 
actually increased emissions and therefore received no points within the environmental category. 
Most of the transit projects scored well with user benefits and mobility with the highest impacts 
generated in the travel time reliability category. 

5.5 Emergency Management Projects 

Freeway courtesy patrol or IMAP expansion is the only project type quantified within the 
emergency management category. When reviewing the rankings for these projects, it is important 
to apply another level of evaluation based on the location of each route and the ease of expansion. 
For example, a route on the eastern portion of the region may generate a high score, but several 
other expansion routes may exist between the current coverage and that route. 

5.6 Regional Non-infrastructure Projects 

This category captures a handful of stakeholder identified projects that are not easily evaluated 
through an IDAS or regional model approach. The regional need of these projects is noted based 
on the identification of the stakeholders, but most require a project specific analysis that cannot 
be accomplished through an IDAS analysis. For example, the regional TDM does not include an 
evacuation scenario and cannot appropriately evaluate the impact of technology to enhance 
congestion during an evacuation. Similarly, the idea of a regional fusion center for public safety 
agencies can provide benefits to coordination efforts and improve response time, but again is not 
easily evaluated using the IDAS methodology. The projects do not generate a score or rank within 
the evaluation matrix, but it is important for these identified projects to remain in the deployment 
plan as a regional need. As similar projects are evaluated in other regions of the country, more 
benefit/cost related data will be available for analyzing these projects. Additionally, as specific 
funds become available or operational requirements within agencies are identified specific to 
these projects, the stakeholders may chose to move these projects to a higher phase within the 
deployment plan. 

5.7 Statewide Non-Infrastructure Projects 

Statewide Non-Infrastructure projects represent projects identified by the stakeholders as 
statewide initiatives, but have direct regional implications with their deployment. Most of the 
projects do not include the implementation of field devices, but instead focus on software 
customization, the evaluation and development of plans, and customization to statewide traveler 
information resources. . The statewide projects are not easily evaluated using the IDAS software, 
and do not have values for the prescribed project evaluation measures. Since they were not 
evaluated, they were not given a rank within the evaluation matrix. The details of the projects are 
included with the Evaluation Matrix so that, as the region moves forward and funds become 
available, the projects can be reprioritized to address the needs of the region.  
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APPENDIX A – PROJECT MAPS
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APPENDIX B – MEMO PRESENTING OPERATIONS AND 
MAINTENANCE COSTS
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APPENDIX C – EVALUATION MATRIX 
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1. INTRODUCTION 
The Triangle Region Intelligent Transportation System (ITS) Strategic Deployment Plan (SDP) Update 
seeks to develop ITS projects, processes, and policies that can be efficiently implemented to realize the 
vision of the plan. As with any long range planning effort, whether it be capital, operation and 
maintenance, or project planning, it is imperative to collaborate with all relevant stakeholders. This 
collaboration helps to identify and consider future needs and obstacles, best appropriate resources, and 
identify where project efforts can be consolidated to develop a comprehensive ITS network. This 
approach will ensure that the local, regional, and statewide networks will properly work together and 
minimize future efforts to seamlessly integrate ITS projects into each respective system.  

The intent of this document is to establish a process and methodology for the consistent evaluation and 
incorporation of ITS approaches and ITS projects into the existing transportation planning process in the 
Triangle region. This approach is also intended to serve as a model for improving the integration of ITS 
into the transportation planning process in other regions of the state where Metropolitan Planning 
Organizations (MPOs) are partners in the transportation planning process as well as statewide and non-
MPO transportation planning processes. That said, the specific focus of this approach is for regions of 
the state with MPOs and travel demand models.  

Ideally, the use of this approach will result in the mainstreaming of ITS project consideration to mitigate 
transportation system deficiencies and to help achieve transportation system goals. The improved 
integration of ITS approaches into the Transportation Planning processes also helps to highlight the 
importance of planning for operations and the consideration of not only recurring congestion mitigations 
techniques, but approaches for increasing travel time reliability, reduced exposure to incident based 
delay, better access to information about our transportation systems, and improved safety and security 
within our transportation networks. This proposed approach serves as a procedure to truly marry the 
vision, goals, and objectives identified during the Strategic Deployment Process with the strategies and 
tactics identified in the ITS Architecture which have been evaluated utilizing the ITS Deployment 
Analysis Systems (IDAS). By explicitly considering ITS projects on a quantitative basis, the ability of 
ITS strategies and approaches to contribute to the regional and statewide goals and objectives for 
transportation can be measured and their investment value compared to that of other approaches. 
Traditionally, in many organizations, ITS planning has been conducted independent of other 
transportation planning processes, typically in separate departments, managed by different teams of staff 
with differing backgrounds that rarely overlap. The Federal Highway Administration (FHWA) has 
recognized this disparity and has offered federal guidance to bridge the gap between ITS planning and 
the traditional transportation planning process. The approaches described in this document are 
consistent with FHWA Register 23 CFR parts 450 and 500 and Federal Transit Administration (FTA) 
49 CFR part 613. Applicable sections state the following:  

 

23 CFR 450.104 (Subpart A) 
Intelligent transportation system (ITS) means electronics, photonics, communications, or 
information processing used singly or in combination to improve the efficiency or safety of a 
surface transportation system. 
 
23 CFR 450.208-7(f) (Subpart B) 
(f) The statewide transportation planning process shall (to the maximum extent practicable) be 
consistent with the development of applicable regional intelligent transportation systems (ITS) 
architectures, as defined in 23 CFR part 940. 
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23 CFR 450.306 – 8(f) (Subpart C) 
(f) The metropolitan transportation planning process shall (to the maximum extent practicable) be 
consistent with the development of applicable regional intelligent transportation systems (ITS) 
architectures, as defined in 23 CFR part 940. 
 
FTA 49 CFR 613.200 
The regulations in 23 CFR 450, subpart B, shall be followed in complying with the requirements 
of this subpart. The definitions in 23 CFR 450, subpart A, shall apply. 

 

In addition to the regulatory direction available on this issue, the following publications are a sample of 
the assistance offered at a national level to help guide the integration of planning and operations:  

• Applying Analysis Tools in Planning for Operations (FHWA),  
• Statewide Opportunities for Linking Planning and Operations A Primer, Getting More by 

Working Together (FHWA) 
• Opportunities for Linking Planning and Operations (FHWA,) 
• Incorporating ITS Into the Transportation Planning Process: An Integrated Planning 

Framework (ITS, M&O, Infrastructure) Executive Guidebook Transportation Research Board, 
National Cooperative Highway Research Board. 

 

Additional relevant publications can be found at http://ops.fhwa.dot.gov/travel/plan2op.htm.  

To ensure efficient implementation, the current State and Metropolitan Planning Organization (MPO) 
planning processes are being considered and recommendations are suggested to improve integration of 
ITS into the existing processes. Given that NCDOT and its MPO partners are in the midst of 
transforming its processes at the state level, this is an ideal time to examine and refine the ITS planning 
process. 
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2. EXISTING PROCESSES 
The State and Triangle Region MPOs are currently working together on a regular basis to integrate and 
streamline each of their respective planning practices, whether they overlap or lead into one another. 
This regional approach to planning allows for better, more comprehensive information to be gathered 
and potentially more opportunities for implementation. In addition, better coordination leads to 
implementation of a consistent transportation network.  

Regarding ITS, all MPOs and NCDOT divisions currently consider ITS strategies in the their planning 
efforts. However, to date, no formalized statewide process to integrate ITS strategies into the planning 
process has been developed or implemented. The Triangle Region ITS Strategic Deployment Plan 
Update seeks to establish a method of integrating ITS planning into current practices. Following is a 
brief discussion of the current planning process. 

2.1 State Practices 

The following represent the NCDOT statewide planning practices that will most likely offer 
opportunities to efficiently plan projects at a statewide and regional level through integration. 
This is not an exhaustive list for every project. Each project planning phase should coordinate and 
collaborate with the most applicable stakeholders.  

2.1.1 State Transportation Improvement Program (STIP) and 5 Year Work 
Program 

The STIP is currently a seven year funding program (although it is expected that it will 
move to a five year program to align with the 5 Year Work Program) that identifies capital 
transportation projects throughout the state. The program is updated every two years. The 
program identifies each project, capital costs, funding sources, and schedule. The project 
types include highways, aviation, enhancements, public transportation, rail, bicycle and 
pedestrians, and the Governor's Highway Safety Program. The STIP development is based 
on projects submitted through NCDOT’s biennial prioritization process and is subject to 
available funding.  

The 5 Year Work Program is a five year plan that encompasses all of the funds (not just 
capital improvements) that NCDOT is expected to expend during the identified five-year 
period. The 2010-2014 Work Program is the first 5 Year Work Program that NCDOT has 
completed at this time.  

2.1.2 Strategic Planning Office of Transportation (SPOT) 

SPOT is a new office which is responsible for the development of a project strategic 
prioritization process that is focused on achieving the Department’s mission and goals. The 
prioritization process will be based on quantitative and qualitative data that will be weighted 
and ranked based on goal, tier, and MPO, RPO, and NCDOT Division rankings. The 
outcome of this process will be the primary source for the STIP.  

The Department’s strategic prioritization process will occur every two years. Since this is a 
new effort, the prioritization process will be evaluated prior to the next implementation 
which may result in process improvements.  

2.1.3 Regional Models 

Regional travel demand models are used to forecast future regional traffic patterns. The 
model results are used as a tool to identify deficiencies and to test the effectiveness of 
projects and strategies in a region. Regional travel demand models are a widely accepted 
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method of representing future traffic conditions. Their results are also used as inputs to 
develop regional emissions estimates to determine air quality conformity in National 
Ambient Air Quality Standards (NAAQS) maintenance and non-attainment areas.  

2.1.4 North Carolina Transportation Plan (NCTP) 

The NCTP is a statewide long-range multimodal transportation plan that considers a 25+-
year investment horizon for transportation funds. It provides high level vision, goal, and 
objectives for the state’s transportation system as well as it identifies long term funding 
priorities. This plan is the result of a multi-year intensive planning process including 
technical analysis, public engagement, and strategic planning. The plan is adopted by the 
Board of Transportation and serves as a “policy guideline to support future investment 
decision-making.” 

2.2 MPO Practices 

The following represents portions of the MPO planning practices relevant to ITS project 
evaluation and selection that are currently required to obtain scheduled federal and state funding.  

2.2.1 Metropolitan Transportation Improvement Program (MTIP/TIP) 

The MTIP/TIP is currently a seven-year funding program (although it is expected that it 
will move to a five-year program to align with the NCDOT 5 Year Work Program) that 
identifies multi-modal transportation projects every two years within a MPO’s planning 
boundary. As with the STIP, the MTIP identifies each project, capital costs, funding 
sources, and schedule. Each MPO has developed a unique prioritization process that 
identifies those projects found to be most important to its area. With the development of the 
strategic prioritization process, each MPO is in the process of providing input and 
comments on the prioritization of their projects within the STIP. All MPOs are required to 
reconcile their TIPs between the needs of the local area and NCDOT to produce a final 
STIP. 

2.2.2 Long-Range Transportation Plan (LRTP) 

The LRTP is a multi-modal, fiscally constrained transportation plan which guides project 
development and investment in roadways, public transportation, bicycle, pedestrian, 
aviation, and freight. This plan is a requirement of FHWA and is developed based on a 25-
30 year horizon. In addition to producing a fiscally constrained plan, regions that are in air 
quality non-attainment or maintenance status must demonstrate their LRTP conforms. For a 
project to be included in the STIP, it must be contained in the corresponding LRTP unless it 
is in an exempt project class. 

2.2.3 Comprehensive Transportation Plan 

Established under North Carolina law (GS 136-66.2) in 2001, the CTP is an unfunded, 
multi-modal, long range vision plan depicting the transportation infrastructure needed to 
handle the area’s travel demand need to be made over the next 25 to 30 years. The plan 
includes elements for highways, public transportation and rail, and bicycles. The highway 
map designates the roadway network needed to handle existing and anticipated travel 
demand. The public transportation and rail map designates the public transportation 
network needed to handle existing and anticipated travel demand; and also designates active 
and inactive rail corridors. The bicycle map designates the bicycle networks that are of 
statewide significance; it also designates local facilities or portions of local facilities that are 
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impacted by the facilities on the highway map and public transportation and rail map. The 
CTP is now developed instead of a thoroughfare plan.  

2.2.4 Congestion Management Process (CMP) 

The CMP is a plan that seeks to develop a process to effectively manage and reduce 
congestion by accurately assessing the areas of concern, recommending mitigation 
strategies, and establishing a methodology for addressing future congestion in a 
metropolitan area. This is a mandated process that requires TMA areas (MPOs with 
populations greater than 200,000) to develop and implement a CMP as part of the MPO 
transportation planning process. 

2.3 Transit Practices 

2.3.1 Transit Urban Application 

The Transit Urban Application process is conducted to obtain urban and regional transit 
system funding for the following two fiscal years. In addition, the transit planning process 
includes an effort to secure technology funds to integrate technology into public 
transportation.  
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3. EXISTING INTEGRATION PRACTICES 
The importance of collaboration and coordination between agencies and even departmental planning 
staff has long been recognized. Long-range planning typically involves committees of various 
stakeholders who often represent different interests or jurisdictions involved in the process. Although 
there have been strides to effectively integrate planning processes, ITS planning is still conducted 
independently in most areas. 

3.1 Current ITS Planning Integration Practices 

Each MPO region in the state coordinates its planning processes in its own unique manner. For 
the Triangle region, partners have developed the Massively Enormous Spread Sheet, 
affectionately termed the MESS, which is shown in Figure 1. The MESS is maintained by the 
Triangle J Council of Governments (TJCOG). It identifies the approximate cycle, schedule, task 
lead, and relative planning task. In addition, the MESS identifies key meetings held throughout 
the year to coordinate and integrate regional planning efforts. The MESS does not integrate ITS 
planning into the local procedures.  

ITS planning is incorporated into several planning practices on more of a project by project basis. 
Each MPO and NCDOT has a unique methodology of incorporating ITS planning into its 
standard planning practices. Typically, ITS projects are considered during the LRTP and MTIP 
processes. However, some MPOs, such as Durham-Chapel Hill-Carrboro (DCHC) MPO, have 
specific project ranking methodologies that encourage the implementation of ITS projects. 

3.2 Best Practices Integration 

This section presents the findings from the Best Practices Scan conducted in the early phases of 
the development of the Strategic Deployment Plan, as they are relevant to the integration of ITS 
with current planning methodologies. This practice is summarized following to provide context 
for the process proposed under this project.  

FDOT developed a Statewide ITS Strategic Plan as part of the compliance with the FHWA Final 
Rule on consideration of ITS in the transportation planning process. The Strategic Plan 
encompassed 10 elements, including the need for integration of ITS into the transportation 
planning process.  

The FDOT ITS Planning Guidelines identifies key roles for how MPOs should incorporate ITS 
into their planning activities, including the CMP (and how ITS can generate the data needed to 
support the CMP performance monitoring), as well as how to evaluate potential ITS technologies 
as part of corridor studies. The guidelines also establish a link between ITS and sustainability as 
well as ITS and air quality monitoring requirements. By providing MPOs with information about 
how ITS can benefit a wide range of transportation system planning requirements, ITS potentially 
can be leveraged with other project development efforts. 

These planning guidelines were found to be successful, particularly in Polk County where the 
signal system was given priority because local transportation plans were coordinated and 
referenced the project. The lessons learned from this case study that can be applied to North 
Carolina and the Triangle region include:  

 Recognize that ITS deployment is important at the local level, just as it is on the 
statewide level. 

 Create a process to incorporate ITS into the existing transportation planning processes 
(MPO or Statewide) that will accelerate project development and funding at the 
local/regional level while at the same time increasing interest on the statewide level. 
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 Create ITS Subcommittees at the MPO level and facilitate regularly scheduled meetings. 
In Florida, this approach has been shown to benefit the deployment of ITS, particularly at 
the local level.  

 MPOs should consider developing a local set-aside of federal and state funds for projects 
identified in the congestion management process. Having available funding for ITS 
projects coupled with the inclusion of ITS in the transportation planning process almost 
certainly will increase and accelerate the deployment of ITS projects.  
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Figure 1. Massively Enormous Spread Sheet (MESS) - Regional Integration Spreadsheet 
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4. PROPOSED PROCESS 
As stated previously, the approach to considering ITS strategies and projects takes place differently in 
each MPO region of North Carolina as well as those areas not covered by an MPO. The outcome of this 
task is a process, which is intended to be suitable for application statewide, for integrating and 
synchronizing ITS planning with the overall transportation planning process. In contrast to the Best 
Practices example presented in Section 3.2, it is the objective of this process to provide a means for the 
explicit consideration of ITS projects through the comparison of quantitative project evaluation 
measures that allow them to be ranked against non-ITS projects for their mode or project category.  

As part of the Transportation Planning Process, the use of travel demand models is a key element in 
evaluating individual projects and overall scenarios to develop long-range transportation plans. Projects 
contained in the transportation plan are then considered for inclusion into the STIP (in MPO area). 
Because ITS projects are not typically measurable in a travel demand model, the evaluation of highway 
and transit oriented ITS projects has taken place outside of the travel demand model. Typically, this has 
meant that the ability to evaluate ITS project benefits and compare them to projects evaluated with 
output from travel demand models has been limited.  

A key part of the proposed process is the use of the ITS Deployment Analysis System (IDAS). Through 
the incorporation of IDAS into the transportation planning process, the opportunity to evaluate ITS 
projects against highway and transit projects traditionally evaluated in the travel demand model is now 
available. It is expected that by having ITS projects explicitly compared against highway and transit 
projects in a travel demand model context, a more thorough and balanced application of ITS approaches 
will be undertaken.  

A process underway in the Triangle region can serve as a model statewide. Stakeholders in the Triangle 
have identified the following vision for ITS in the region: 

The proactive use of technology and system operation and management to support a multi-modal 
system that provides safe, efficient, reliable, and convenient transportation for people and goods 
while increasing mobility, enhancing economic development, and improving our Region’s quality 
of life in an environmentally sustainable manner 

To realize the vision of the proactive use of technology and system operation and management and to 
meet the FHWA and FTA’s guidelines, ITS planning must be integrated with current, ongoing statewide 
and MPO planning processes. The proposed planning integration of ITS into the process was developed 
collaboratively through project steering committee and stakeholder meetings with the Triangle ITS 
Communication Partners.  

4.1 Relationship Building 

The consistent commitment to the vision, goals, and objectives of the SDP will guide decision 
makers at the local, regional, and statewide level to realize the importance of ITS within their 
respective areas. However, without a strong focus on building professional relationships with 
appropriate staff within the local, MPO, and NCDOT structure, the full potential of any ITS 
network will be lost. By building and maintaining these relationships, the agencies could share 
valuable information, infrastructure, and operations responsibilities. It is becoming increasingly 
important to recognize and consider operations and management during the planning stages of 
ITS networks at a local and statewide level. This collaboration could result in huge cost savings 
for each party that is somewhat unique to the field of ITS. Whereas in traditional transportation 
networks, you can build a road and forget about it, the successful implementation of an ITS 
project will have significant investment in the operations of the project. This is where the strong 
relationships built through the planning phases of the project should be sustained to efficiently 
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manage and operate the system. The coordination and collaboration of municipal, MPO, and 
NCDOT professionals is vital to the successful planning, development, implementation, 
operation, and maintenance of ITS projects throughout the state. 

4.2 MPO Planning Process 

Since the formation of MPOs out of the Federal Aid Highway Act of 1962, the ‘continuous, 
comprehensive, cooperative’ (3-C) planning process has been the basis for long-range, multi-
modal planning. FHWA states that “[t]ransportation planning processes are required to be 
organized and directed…” This proposed ITS integration process seeks to establish an organized 
and directed process that is continuous, comprehensive, and cooperative in nature. The following 
sections summarize the overall ITS integration process, but what does that mean to an MPO 
planner specifically? This section speaks to the key elements and responsibilities of an MPO 
transportation planner that are proposed as part of this integration process.  

During the initial development phases of the LRTP, the most critical aspect of the ITS integration 
process from an MPO perspective is the coordination and collaboration with local staff and 
NCDOT staff. Consistent communication should occur during all key elements of the planning 
process. The MPO planner should obtain an ITS project list from the current ITS SDP and 
consider those projects relevant to their respective areas. Through the LRTP planning process, the 
MPO planner should assess those ITS projects currently listed in the ITS SDP and any new ITS 
projects that have been developed. Those existing and new projects determined to address 
identified system deficiencies should be combined in a single IDAS run as described below. The 
results from this run should be used to evaluate the proposed projects and those deemed necessary 
should be included in the LRTP Recommended Plan. To truly integrate ITS planning, it is 
important that MPO personnel evaluate the proposed ITS projects alongside other LRTP projects 
as described below.  

The MPO planner should be sure to coordinate with NCDOT to provide an updated ITS project 
list to be incorporated in the SDP update. The agency that oversees the regional travel demand 
model also should oversee the IDAS analysis to establish current results that can be used to 
evaluate projects during MTIP development. The MPO planner should coordinate with NCDOT 
during STIP development as necessary. Upon completion of this portion of the cycle, the MPO 
planner should coordinate and collaborate with NCDOT to provide input into the development of 
the NCTP which will establish the statewide vision and goals. It is recommended that the MPO 
planner and NCDOT regularly communicate so that as the ITS SDP updates are occurring, those 
concerns and goals of each MPO are addressed through project development and planning.  

This section simplifies the integration process somewhat because there are several other planning 
documents that should consider ITS solutions. These documents may include the CMP, CTP, 
transit plans, and special studies. It is anticipated any of these documents could inform the LRTP 
or SDP as necessary. Table 1 lists several planning practices and the anticipated ITS related event 
and expected output that potentially could be required.  
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Table 1. Planning Practices and ITS Related Events 
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4.3 Proposed Integration Key Elements 

The proposed ITS integration process considers several statewide and regional processes that are 
key to the development and implementation of transportation projects. By strategically aligning 
ITS planning, specifically the ITS SDP, Turbo Architecture, and ITS Deployment Analysis 
System (IDAS) software modeling processes, ITS projects can be efficiently incorporated and 
ranked with traditional transportation projects.  

The proposed planning process has been developed such that ITS planning will be formally 
accommodated within the statewide vision, goals, and objectives developed in the NCTP. 
Figure 2 illustrates that integrating ITS planning into the State and MPO practices can be 
accomplished with a cyclical flow of information used to plan and program projects. The 
following simplified key elements are recommended to create an integrated planning cycle. It is 
important to note that each MPO may be at a slightly different place in the cycle, but the series of 
elements should remain consistent. 

The integration process also aligns with the ITS SDP Update Cycle established in the SDP 
Maintenance Plan. The maintenance plan establishes three levels of updates including 
administrative, interim, and full. These are described in greater detail in Section 4.4, but the levels 
of updates that correspond to each of the key elements are referenced below. 

This approach is based on the processes followed during the update of the Triangle Region ITS 
SDP. It assumes that regions adopting this approach will have previously accomplished a project 
level IDAS analysis and revised prioritized project list. Additionally, it is important to remember 
that the specific focus of this approach is for regions of the state with MPOs and travel demand 
models. 

 Key Element (ITS Project List Coordination) – It is envisioned that the latest, 
current available listing of projects that have been assessed in IDAS and are 
contained in the Regional Turbo Architecture Database shall be referenced by 
the MPOs prior to their commencement of their LRTP updates. This should be 
a starting place for the MPOs to consider the current ITS projects and offer 
project additions, changes, or deletion through the development of their 
respective LRTPs. Interim and Full Update Activities 

  Key Element (IDAS Run) – At the stage in the MPO LRTP process where the 
MPO has identified deficiencies in its existing plus committed (E+C) 
transportation network for its forecast horizon year(s), the MPO typically 
begins to test projects, groupings of projects, policies, and land use scenarios 
and to assess how these strategies affect regional transportation network 
performance. This is primarily focused on those metrics available from output 
of the regional model (such metrics in the current 2035 LRTP include regional 
VMT and VHT, percent of VMT experiencing congestion, etc.). The model is 
best able to demonstrate improvement in these measures through shifting trips 
into non-single occupant vehicle (SOV) modes, by reducing overall trip making 
through changes in the proximity of origins and destinations, and increasing 
capacity to allow for trips to be made in lesser congested conditions. Also, it is 
typical to utilize other system deficiencies not revealed by the model from other 
planning reports. These may include safety deficiencies revealed in safety 
studies performed by NCDOT or the MPO, additional condition issues revealed 
in a Congestion Management Process, etc. It is at this stage that each MPO 
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will consult the SDP and select those projects that address identified 
system deficiencies. Following selection of the SDP projects expected to 
impact their deficiencies, a single IDAS run (as opposed to a project by 
project IDAS run which had been performed for the SDP) containing all of the 
SDP projects identified by the MPO to affect their deficiencies shall be run on 
the E+C network for the MPO horizon year(s). Interim and Full Update 
Activities 
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Figure 2. Integrating ITS – Proposed Planning Process 
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 Key Element (System Evaluation) – The MPO shall compare its regional system 
performance measures as output in IDAS for the “with ITS” and “without ITS” 
alternatives as assigned on the E+C network. The difference in these values 
within IDAS shall be used to identify the anticipated impact of applying the 
selected SDP ITS projects to the regional system. For instance, drawing from 
the evaluation measures table (figure 6.5.1) from the Research Triangle Region 
2035 Long Range Transportation Plan [Capital Area Metropolitan Planning 
Organization and Durham-Chapel Hill-Carrboro Metropolitan Planning 
Organization, 2009], measures such as VMT, average travel time, etc, shall be 
compared for the “with ITS” and “without ITS” options. The difference shall be 
stored and used to establish the MPO ITS evaluation baseline. It is expected 
that the ITS E+C performance will be lumped into the overall system 
evaluation measures (by adding the IDAS reported difference to the regional 
model output). The sum value of the capital cost of the ITS projects contained 
in the ITS E+C evaluation set shall be used as a cost place holder in the LRTP 
financial plan. Interim and Full Update Activities 

 Key Element (LRTP – ITS Project Integration) – Once the MPO has established 
a preferred LRTP network alternative, the MPO shall review the ITS E+C 
projects. This set of projects shall be modified based upon changes in network 
conditions (e.g. consider projects on new alignment facilities and new transit 
routes added as part of plan). Consistent with the E+C ITS option development, 
only projects in the SDP that address an LRTP deficiency should be included. 
This ITS project set shall be considered the LRTP Recommended Plan ITS 
project set. It is expected that the difference in “with ITS” and “without ITS” 
IDAS system evaluation factors shall be added into the LRTP evaluation 
factors. Similarly, the cost of the ITS projects included in the LRTP 
Recommended Plan ITS project set shall be included in the LRTP Financial 
Plan. Currently, in the Triangle Region, the ITS application explicitly 
considered is the region’s Incident Management program. Consideration of 
using the change in emissions reported from the LRTP Recommended Plan for 
the ITS project set should be given. Interim and Full Update Activities 

 Key Element (ITS Project Evaluation) – Once the final LRTP models are 
complete, the SDP shall be updated in preparation for the development of the 
MTIP/STIP. The new baseline and recommended plan models shall be used to 
perform a project-by-project IDAS analysis. This will result in the projects 
being re-ranked in the SDP based on the new data. It is expected that for 
interim updates, no new projects will be developed other than those that have 
emerged via administrative updates. It is expected that this will also change 
based on what projects have been completed and if there are changes to the 
regional transportation network. For major updates, it is expected that the entire 
project mix will be examined in line with changes in vision, goals, and 
objectives. The results of the project-by-project evaluation will be used to 
update the SDP project evaluation data. It is expected that this data will be used 
as well as those available within IDAS by the MPOs and the NCDOT Divisions 
to develop their project rankings. Based on current practices in use by the 
MPOs and proposed practices being implemented by NCDOT, the quantitative 
project evaluation measures in use are extracted from IDAS and the regional 
travel demand model and contained in the SDP and/or the IDAS results. In the 
event of differing measure estimation, the MPO or NCDOT should compare the 
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estimation methodologies used by IDAS, and the method engaged by the MPO 
or NCDOT, and perform a sensitivity analysis to determine significant 
differences. For instance, if the two methods use differing values of time or 
differing emissions reduction benefit values, then efforts should be taken to 
develop factors to normalize these differences or reconcile the input 
assumptions. Interim and Full Update Activities 

 Key Element (Final STIP – ITS Project Integration) – Once the MTIP and Draft 
STIP are reconciled, the ITS projects should be contained in the Final STIP as 
well as be part of the financially constrained/air quality conforming LRTPs. 
Interim and Full Update Activities 

 Key Element (NCTP) – The NCTP establishes the statewide vision and goals 
for a 25+-year horizon. These goals help to define the priorities and objectives 
for transportation planning across the state. It is expected that changes in this 
document may cascade into vision, goal, and objective changes in the SDP. 
Full Update Activity 

 Key Element (SDP Vision, Goals, and Objectives) – It is recommended that the 
SDP develop the ITS vision, goals, and objectives such that there is consistency 
with the NCTP and the 10-year and 5-year work plans. The SDP vision and 
goals are used to develop ITS projects. This only needs to be revisited when the 
NCTP vision, goals, and objectives are modified and only if those goals deviate 
dramatically from their previous statements. It is assumed that the MPO 
partners, transit agency partners, and other transportation partner agency visions 
and goals in a region will entertain major updates in a similar time frame and 
each of these should be re-visited in the major update time frame. Full Update 
Activity 

 

It is recognized that many of these steps happen concurrently. Therefore, it is imperative that 
frequent and effective communication and coordination occur between ITS planners, MPO 
coordinators, and NCDOT staff. 

Currently, the SDP provides several project evaluation factors for prioritization within the SDP 
including benefits, cost/benefit ratios, affecting high V/C corridors, etc. As the MPO and SPOT 
project prioritization process evolves, it is envisioned that many of the values used in these 
processes may emerge from IDAS for most projects or that IDAS data may be normalized to 
SPOT/MPO data using a yet to be determined process. 

4.4 ITS SDP Update Cycle 

It is recommended that the ITS SDP be updated according the cycle presented in Figure 2. The 
Triangle Regional SDP contains a Maintenance Document that provides additional detail and 
checklists for guidance through these updates. There are three levels of maintenance required of 
the SDP. They include:  

 Administrative Update (annually): The majority of this update is handled by the lead 
planning agency and involves administrative revisions to the SDP such as updating the 
list of prioritized projects to represent projects that have been constructed within the 
previous year. 

 Interim Update (every four years): This update involves more stakeholder involvement 
than an administrative update but focuses on an assessment of the existing plan. The 
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interim update reviews the objectives for applicability to the region’s focus and applies 
any determined discrepancies to the remaining components of the SDP. During this 
update, coordination should occur to ensure that the updated SDP is integrated and 
consistent with other current relevant plans, such as the NCTP, MPO LRTPs and 
CMPs, and other special studies that have been performed.  

 Full Update (every eight years): This is an extensive stakeholder-involved 
redevelopment of the SDP. The full update begins with a new visioning process and 
guides the stakeholders through developing a new comprehensive SDP. 

 

The first full update shown is out of the recommended cycle; therefore, another full update is 
shown in two years to revisit the vision, goals, and objectives to ensure consistency with the 
NCTP update. The upcoming full update will only be necessary if there are extreme changes in 
the vision or direction of one of the stakeholder agencies. The specific recommended tasks 
associated with three different update cycles can be found in the SDP Maintenance Document. 
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5. SUMMARY 
The implementation of ITS practices and systems is becoming increasingly more prevalent as space for 
road construction becomes limited, funding continues to decrease, and technology offers efficient, cost 
effective solutions. It is recommended that ITS planning become truly integrated into traditional 
planning practices in an effort to plan and implement projects that will most effectively meet future 
transportation needs and solve approaching challenges. The Triangle Region ITS Strategic Deployment 
Plan Update seeks to do this by recommending a proposed integration process that identifies the most 
efficient planning cycle for future SDP updates. This process will best align with the key practices 
affecting funding and policy decisions that will allow opportunities for ITS projects to be efficiently 
considered and implemented. Finally, it is expected that adoption of this integration approach by 
NCDOT and MPOs will establish a firm methodological basis to demonstrate adherence to the 
transportation federal rule 23 CFR 450. 
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