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TS Strategic Deployment

Fayetteville Regional Summil
December 15, 1999, 8:00 AM

MEETING SUMMARY
Attending
Name Agency Phone
Dan Andrews Harnett County Board of County Commissioners ~ 910-893-7555
Billy Apple North Carolina State Highway Patrol 919-733-1334
Steve Arndt Fayetteville State University
Jim Baker Cross Creek Mall 910-868-7668
Harry Barrick USNR
Joe Bowden Harnett County Commissioner 910-893-5915
Jerome Brown City of Fayetteville - Transit Department 910-433-1747
Fred Burchett Kimley-Horn & Associates, Inc. 919-677-2000
Greg Burns NCDOT Division 6 910-486-2611
Earl Butler Cumberland County Sheriff | 910-677-5400
Charlie Carden Division of Motor Vehicles 919-733-2426
Maurizia Chapman Cumberland County Planning Board 910-678-7615
Jeff Dale NCDOT 919-250-4151
J. L. Dawkins Mayor - Fayetteville 910-433-1992
Michael Dawson FHWA

James Dunlop NCDOT - Congestion Mgmt. Engineer 919-250-4151
Mark Dunzo Kimley-Horn & Associates, Inc 919-677-2000
Neil Emory County Manager — Hamnett County 910-893-7555
Ted Faulkner City of Fayetteville

Kenn Fink Kimley-Horn & Associates, Inc 919-677-2000
Greg Fuller NCDOT 910-733-8021
Terry Gibson NCDOT Division 6 910-486-1959
Ray Goff NCDOQT Division 6 910-486-1493
George Gray NCDMV

James Hambright NCDOT - 919-250-4151
Stephanie Harris Kimley-Hom & Associates, Inc 919-677-2000
Jerry Hartgrove Harnett Co. Economic Development Commission ~ 910-893-7524
Rick Heicksen Cumberland County Planning Board 910-678-7622
Richard Higgins Town of Spring Lake

Elizabeth Honeycutt NCDOT 919-250-4151
Terry Hopkins NCDOT- Traffic Engineering 919-250-4151
Terry Isaacs Highway Patrol

David King NCDOT - Deputy Secretary 919-733-2520
Gina Lane FAMPO

Ann Lorscheider NCDOT- Traffic Engineering 919-250-4151
Jimmy Lynch NCDOT 919-250-4151
Carlton Marley Cumberland County Coliseum Complex 910-323-5088
Bobby McCormick FAMPO _

Ashley Memory NCDOT - Public Info. Office 919-715-2395
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Ken Motley
Kumar Neppalli
Benny Nichols
Larry Norris
Thomas Parker
Dave Pattillo
Troy Peoples
Coley Price
Mark Roberts
Matthew Rooney
Clenton Smith
Max Spears
Wayne Sterling

~ Douglas Straub
Jimmy Teal
Rusty Thompson
Lyndo Tippett
Darrell Vickers
Tammy Williams
Jason Yakimowich
Gordon Zeigler

Wal-Mart Distribution Center
City of Fayetteville Traffic Engineer

Fayetteville — Fire/Emergency Mgmt. Dept.

Fayetteville Technical Community College
NCDOT

Cape Fear Valley Health Systems
NCDOT

Town of Angier

WRAL - Traffic Reporter

TCC - Interim Planning Director

Town of Spring Lake

Cumberland County Coliseum Complex
USNR

Fayetteville Planning Department
NCDOT

NCDOT - Board of Transportation
Chamber of Commerce

Dunn Area Chamber of Commerce
Kimley-Horn & Associates
NCDMV

Fayetteville Regional Summit
December 15, 1999, 8:00 AM
MEETING SUMMARY

910-426-5000
910-433-1660
910-433-1725
910-378-8400
910-733-1506
919-878-8080

919-639-2071

910-433-1612
910-437-2614
910-323-5544

910-892-4113
919-677-2000

The ITS Strategic Deployment Plan - Fayetteville Regional Summit commenced at approximately
8:00 AM at the Radisson Prince Charles Hotel in Fayetteville, North Carolina. Following is a
summary of the proceedings of this meeting.

8:00-9:00 AM  Guests were registered and given the opportunity to explore demonstrations that
were given on ITS technology. Included was a slide presentation of web pages
showing real-time traffic information and a video demonstrating ITS applications.

9:00-9:15

Mr. Terry Gibson, Division Engineer of the North Carolina Department of

Transportation, welcomed guests and emphasized the importance of ITS to the
department.

9:15-10:00

Fred Burchett, Mark Dunzo and Kenn Fink presented an overview of ITS that
included specific technologies as well as their benefits.

10:15-10:45  Mr. Ray Goff, Division Traffic Engineer with the North Carolina Department of
Transportation and Mr. James Teal, Chief Planning Officer with the City of
Fayetteville, discussed current ITS in the Fayetteville area.
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[TS Strategic Deployment

Fayetteville Regional Summil
December 15, 1999, 8:00 AM
MEETING SUMMARY

10:45-11:45  Breakout sessions were conducted with four groups, each one focusing on a
specific topic. Groups were asked to answer/discuss a series of questions on the
topics of Traffic/Incident Management, ITS for Transit, Traveler Information
Systems, and Commercial Vehicle Operations. Summaries from the breakout
groups are shown below. '

- BREAK-OUT GROUP FINDINGS

TRAFFIC MANAGEMENT / INCIDENT MANAGEMENT
Problems and Issues
e Congestion
Pre-emption for emergency vehicles o
Congestion delays response time (i.e. during peak times around Coliseum)
Explosive growth in small towns (especially school districts) causing congestion
Congestion around Coliseum — improve signing
Local roadways becoming more congested as drivers search for alternative routes from
heavy traffic on the major roadways
e Owen Drive Extension Project
* Reversible lanes ‘
¢ Overhead Dynamic Message Signs (DMS)
e Manpower needed to operate and maintain systems
e Multiple Maintenance agencies is confusing and inefficient
e Special military issues in Fayetteville and surrounding areas

When/Where to Incorporate ITS?

o Before widening projects

e In conjunction with widening projects

e Alternative intersection design - left-turns over through movements

What ITS Projects are needed?

Real time traffic information — need travel options to be useful
Kiosks (information booths) at rest areas and welcome centers
Additional DMS along interstates at key locations

Small things such as spot improvements to intersections
In-vehicle navigation — Who provides information?
Recreational information for rural communities

H:\PN\01103629\Regions\Fayetteville\12-15MIN.doc
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Fayetteville Regional Summil
December 15, 1999, 8:00 AM
MEETING SUMMARY

Who would champion ITS?
e NCDOT and local governments
e Possibly use federal grants

Funding

e Implementing ITS is cost prohibitive

e Public needs to see a payoff — both urban and rural benefits
e Implement the most cost effective ITS measures

ITS FOR TRANSIT

Fayetteville Transit System ,

e Primarily fixed route buses in the city

o Demand/Responsive - serves county residents, elderly, handicapped, Department of Social
Services and the mentally disabled
o Currently, working on AVL technology — provide passengers with bus location
e Routing and scheduling of vans to overcome difficulties of manual operation

Critical Issues

Frequency of buses; currently varies from 20 minutes to an hour
Getting bus information to the public to increase ridership
Making sure systems are convenient and effective

Inconsistent scheduling and limited running time

Responsibilities of Policy Makers

e Secure funding

e Implementing county-wide fixed route service

e Coordinating with urban development

¢ Involving transit as a solution to pending air quality issues

What would the Ideal Transit System consist of?

Network topology that enhance rider connectivity (instead of line system)
Maximum of 1000’ walk to access service

Enough frequency that scheduling is not an issue (15 minute headways)
Greater service to existing and emerging residential areas

Improved ease of use

More comprehensive

Improve maneuverability of buses (i.e. dedicated lanes, etc.)
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Fayetteville Regional Summit
December 15, 1999, 8:00 AM
MEETING SUMMARY

Transit Technologies & Solutions

e AVL for paratransit

e Scheduling software for paratransit

e GIS systems (shared with PWC, etc.)

e Automatic passenger counter (APC) to track ridership and route productivity to facilitate the
best use of resources

e AVL (on fixed route buses) for traveler information

e Ridesharing, park & ride and vanpool

e Route shifting for incident management

Summary
e Transit information must be easy to access; possibly passive (i.e. like message sign)
e Overcome public resistance to change and technology

TRAVELER INFORMATION SYSTEMS

Where do you get Traffic Information?

e Radio _ .

e Highway Advisory Radio (HAR) — particularly during disasters (i.e. hurricanes)
e  DOT website v

o Welcome centers - kiosks

What traffic information do we want?

GIS Data

Real time traffic volumes

Multi-modal information (i.e. vanpool, carpool, rail, etc.)
Real time in-vehicle information

Knowing “system failures” during crisis/disaster events
Evacuation information

What are ways to improve the distribution of Traffic Information?

Data downloaded to pagers/cellular phones

Fax sheets

Chamber of Commerce or Visitor Bureau’s web site

Highway Advisory Radio — improve quality, make permanent, increase range, and allow
everyone to access

e Provide traffic information to truckers
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Fayetteville Regional Summil
December 15, 1999, 8:00 AM
MEETING SUMMARY

Personal GPS devices
Medical — cameras for triage, preemption, and guide signs

Planning Issues

Interagency communication (i.e. DOT in emergency operation center)
Long Range data :
Data information sharing — cooperation and coordination

Planning — using collected data

Convincing public of benefits — PR campaign

Information on planning process requires public input

Commuter, train, and military impacts -

Create image of “Travel destination” for area

COMMERCIAL VEHICLE OPERATIONS (CVO)
Regional Problems

Mixture of trucks and passenger cars
Fort Bragg, Fayetteville and 1-95 - high generators of CVO traffic

Concerns

Trucks can be overwidth, overheight, and overweight

Age of drivers — young vs. old can lead to safety issues

Trucks use Fayetteville as a detour to miss Lumberton weigh station
Military vehicles — unusual shapes and sizes

Work zones — high number of crash fatalities (enforce speed limit) -
Funding for CVO projects

Educating passenger vehicle drivers about safety issues regarding trucks

Technology

e 6 o o o o o o

Height sensors

- Cameras

Weigh-in motion stations

Track fuel tax monies

Thermal imaging for brake temperatures (IRIS system)
On-board text-based computers — traveler and CVO information
GPS tracking

State networks with municipalities

H:\PN\01103629\Regions\Fayetteville\12-15MIN.doc 6
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Fayetteville Regional Summil
December 15, 1999, 8:00 AM
MEETING SUMMARY

e Partnership with industries
e Maintain centralized database
e Provide advisory service, via email, web or subscription

11:45-12:00  Mr. Mark Roberts, Traffic Reporter from WRAL-TV5, gave a presentation on his
background in Fayetteville, and the role of media in providing traveler information.
Mr. Roberts discussed the current system of sharing cameras with NCDOT in
Raleigh and the plans to expand to Fayetteville.

12:00-1:15 Lunch was served. Mr. W. Lyndo Tippett, Member of the North Carolina Board of
Transportation, introduced the luncheon speaker, Mr. David King. Mr. David King,
Deputy Secretary of the North Carolina Department of Transportation, talked about
the importance of ITS to the Department and provided the concluding remarks to
the day’s events.

12:00-1:55 A summary of each of the breakout group’s findings was presented to the group.

ACTION ITEM(S):

We would like your input on these minutes, as well as your input on the Summit in general. We will
be holding several more summits across the state and would like to know your opinions of what
was good, and what could be improved.

Please direct any comments or suggestions you have for these minutes or
Summit to Kenn Fink via email at ITS-FAYETTEVILLE@KIMLEY-
HORN.COM or by phone at (919) 677-2237.
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National ITS Architecture Compliance

The Statewide ITS Architecture and Strategic ITS Deployment Plan development process are
both intended to be planning tools. The Strategic ITS Deployment Plan is a planning document
which draws inputs from potential ITS customers throughout the State and Region. These inputs
are logged and documented, then ranked to provide a snapshot of the perceived ITS needs for
the next 20 years. Based on this documentation, the benefits of each project or improvement can
be identified and, in turn, added to regional Transportation Improvement Plans (TIP) and the
North Carolina Statewide Transportation Improvement Plan (STIP).

The development of the Statewide ITS Architecture is intended to guide the implementation
process by providing a structure around which to design. ITS elements and concepts are
generically named to permit a wide variety of design options, changes in technology, or
institutional changes that occur over time. The intent is to provide freedom to designers and
implementers by providing a stable structure for interconnection while providing flexibility to meet
the unique needs of specific users.

The National ITS Architecture is divided into three levels: logical, phy3|cal and technical. The

"logical architecture provides a functional view of a system that assists in organizing complex
entities and relationships by |dent|fy|ng system functions and information flows. The logical
architecture guides development and deployment through functional requirements that are
independent of institutions and technology. The logical archltecture does not identify how each
ITS function is to be implemented.

The physical architecture is the physical representation of how a system should provide the
desired functionality. The physical architecture defines the information and data flows between -
elements and the communication requirements needed to make the system function. The data
flow definitions within the physical architecture require standards to provide functionality between
systems, which is the basis of the ITS standards development process.

The technical architecture is the formal design and implementation process. The technical
architecture defines the implementation of the physical architecture. The technical architecture is
the formal design and implementation that defines system hardware and software functionality,
their interaction, and the deployment of a system that processes and distributes the gathered
data.

The three levels of the National ITS Architecture work together to refine the ITS needs from the
planning stage down to a specific hardware deployment. For example, the logical and physical
architecture may identify the need for shared traffic information. The physical architecture would
define traffic information as traffic data from detectors and video from CCTV cameras.

The purpose of this document is to develop a logical architecture for ITS deployments in the State
of North Carolina. The physical architecture is part of this document, but only in describing the
interaction between elements, centers, etc. The appendices document the physical architecture
through the data flow diagrams and other visual methods.

This document provides the logical and physical architectures as required by FHWA and used in
the long-term ITS deployment throughout the state. The details in the development of the -
technical architecture are left up to each entity and their designers and implementers. The logical
and physical architecture layers are a tool that is to be used by the designers and implementers

. to ensure that data and information is shared between systems. By approaching the ITS
Architecture deployment from the logical and physical levels, this document will serve as a
roadmap for ITS deployments throughout the State of North Carolina for years to come without
locking the State into specific technologies that may change over time.





Off-Model Air Quality Analysis:
A Compendium of Practice

Federal Highway Administration |
- Southern Resource Center
‘August 1999





- Introduction

Air Quality analysis methodologies have become more refined over the years to fill the need in the
transportation community to satisfy various requirements including Transportation Conformity and
Congestion Mitigation and Air Quality Program project justification. Off-Model methods continue to be
developed and refined to allow for analysis of innovative, as well as some common, projects to account for
reductions in vehicular emissions. The most typical analysis is associated with Vehicle Miles of Travel
(VMT) reductions, but reductions in emissions can also occur due to decreases in vehicular delay.

This is an observation in techniques which have been used in the South to provide for the evaluation of
possible emission reductions. For the purpose of this compendium, Off-Model methodologies are analyses
performed without the specific use of a Travel Demand Model. As previously stated, these analyses can be
used for either of two primary purposes. These two purposes are Transportation Conformity Analyses and
Congestion Mitigation and Air Quality (CMAQ) Improvement Program project justifications. The later of
these two is probably the most crucial given the need for project justification as a funding mechanism;
however, with the increasing difficulties in showing an offset of VMT growth in most areas, any reduction
will only provide a benefit to the Conformity Process.

This compendium offers a look into several methodologies utilized in Federal Highway Administration’
Southern Resource Center geographic area and may be duplicated and disseminated at will. These
methodologies are not all encompassing but should offer valuable insight into Off-Model practice. Updates
of this compendium will occur and include any needed changes in the reference section.

If you have any questions or comments please address them to:

Andrew Edwards, Air Quality Specialist
Federal Highway Administration
Southern Resource Center

61 Forsyth St., Suite 17T26

‘Atlanta, GA 30303-3104

(404) 562-3673
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Intersection Improvements

1. General Analysid

This analysis incorporates a conservative approach to intersection improvements. It can be used for grade
separation and signal timing. The conservative approach is only analyzing Volatile Organic Compound
(VOC) reductions; however, NO, may be analyzed in a similar fashion.

The analysis is as follows:

a) Calculate the existing VOC emissions.
VOC; = EFg * VOL pp* DIST ppp

where, o

VOC; = Emissions before improvement, grams

EFg = Emission factor (grams per mile) based on assumed speed before improvemént
VOL,p, = Peak period approach volume

DIST 5pp = Approach distance in miles

b) Determine the average speed after the improvement.

c) Calculate the VOC emissions after the improvement.
VOC, = EF, * VOL pp * DIST ppp

where,
VOC, = Emissions after improvement, grams
EF, = Emission factor (grams per mile) based on average speed after improvement

d) Calculate daily VOC emission reductions.
VOCg = (VOC; - VOC,)

where,
VOC; = VOC emission reductions, grams/day





2. Traffic Signal Computer Upgradé

The analysis of this project was for the upgrade of computer equipment and software, cabinets and
controllers, and replacement of the Communications Plant. The justification was based on an increase in
the reliability of the traffic control device synchronization in the metropolitan area. This would decrease
delays and reduce vehicle idle emissions. The analysis for this project was performed as follows:

a) 3-4 minutes per vehicle per direction on a major arterial with an average vehicle rate of 38,000 vehicles
‘or 2533 hours per day was assumed to be the savings by having the more reliable system. These are the
savings for a single computer section.

b) There were 60 computer sections amounting to a savings in idle time of 152,000 hours of vehicle delay
per day. :

c) Emission rates were established by Hlllsborough County using Mobile 5a. The rates were as follows
CO =0.32018 kg/vehicle hour

VOC =.0.0227 kg/vehicle hour

NO, = 0.00988 kg/vehicle hour

d) Tobe cohservative, especially with the negative benefits which would occur for NOx with an increase
in speed, emission benefits were assumed to occur only during the AM and PM peak periods (4 hours

total).

e) The benefits were then calculated.
CO=(0.32018 kg/vehlcle hour)(152,000 veh hrs/day)(4 pk hrs/24 hrs) = 8,111 kg/day (8.922 tons/day)

. VOC = (0.0227 kg/vehicle hour)(152,000 veh hrs/day)(4 pk hrs/24 hrs) = 575 kg/day (0.632 tons/day)

NO, = (0.00988 kg/vehicle hour)(152,000 veh hrs/day)(4 pk hrs/24 hrs) = 250 kg/day (0.275 tons/day)

Note: Delay reductions can be obtained through most intersection analysis software.





High Occupancy Vehicle (HOV) Lanes

1. General Analysis

Similar to the general intersection analysis, the HOV lane analysis is again conservative with only VOC
reductions accounted; however, NO, may be analyzed in a similar fashion. This analysis also assumes
that emission reductions are for the HOV lane only.

The analysis is performed as follows:

a) Calculate the existing VOC emissions.
VOC; = EFy * VOLg* DIST

where, :
VOC; = Emissions before improvement, grams
'EF; = Emission factor (grams per mile) based on assumed speed before 1mprovernent
VOLg = HOV Volume * Auto Occupancy of HOV / AO of Mixed Flow
DIST = HOV lane distance in miles

b) Determine the average speed after the improvement.

c) Calculate the VOC emissions after the improvement.
VOC, =EF, * VOL, * DIST

where,

VOC, = Emissions after unprovernent grams

EF, = = Emission factor (grams per mile) based on average speed after improvement
‘VOL, = HOV Volume after improvement

d) Calculate daily VOC emission reductions.
VOCg = (V OCB VOCA)

where, '
VOC, = VOC emission reductions, grams/day





Transit Improvements

1. General Analysid

The key to Transit Improvements is increased ridership. If transit ridership goes up then Vehicle Miles of
Travel (VMT) should be reduced proportionately. The approach to this analysis is trend, that is, the
analysis should call on previous expansions and their effect on ridership as input into the analysis. Since
this increased ridership actually decreases VMT, reductions are found for both VOCs and NQ.

The analysis is as follows:

'a) Calculate the daily VMT reduction.
VMT = (Avg. Daily Rxdetshlp After - Avg. Daily Ridership Before) / Avg. Auto Occupancy * Avg. Tnp

Length

b) Calculate the reduction in daily emissions.
Ep, =EF, * VMT

where, :

Ep = Daily Emissions, grams/day

EF, = Emission factor for pollutant x, grams/mile
VMT = vehicle mile/day





2. Express Bus Service for Broward County, FloridZ

The analysis of this project was done to add new Express Bus Service in Broward County Florida. The
basis for the project was to provide a needed service to the general public and reduce Vehicle Miles of
Travel (VMT). The new transit service will operate during the morning (AM) and afternoon (PM) peaks.
The AM peak will consist of three one-way trips from southwest Broward County to Downtown Fort
Lauderdale with one return trip. The PM peak will consist of the reversal of the AM peak. Each peak is
considered for exactly two hours (6:00AM to 8:00AM and 4:00PM to 6: OOPM) The analysis for the
pfO_]eCt is as follows

a) The Peak Hour Ridership was determined by running the FSUTMS model (Florida’s Travel Demand
Model). Both the AM and PM peak ridership were calculated by multiplying the peak hour ridership by
2.0 hours to yield Person Trips.

Peak Hour Ridership (from FSUTMS) = 54 Person Trips

AM Peak = 2.0 Hours * 54 = 108 Person Trips

PM Peak = 2.0 Hours * 54 = 108 Person Trips

Daily Person Trips = 108 + 108 = 216 Person Trips

b) An estimate of auto trips is found by dividing the person trips by the average auto occupancy for Home
Based Work (HBW) trips.

216 Person Trips / 1.12 = 193 Auto Trips

c) An estimate of VMT is then calculated by assuming the auto trips would have taken the same tr1p length

as the new service or 31.0 miles.
193 Auto Trips * 31.0 Miles/Trips = 5983 Daily VMT

d) The daily reduction in NQ, and VOC is found from MOBILE 5.0a using Light Duty Gas Vehicle
(LDGV) emission rates. The average speed is derived from the average auto travel speed along the
proposed transit route, which is 37.9 mph.

NO, emission reduction = 5983 VMT * 1.63 g/mile * kg / 1000 g = 9 75 kg/day

~ VOC emission reduction = 5983 VMT * 1.25 g/mile * kg / 1000 g =7.48 kg/day

e) The increase in VMT due to the express service is then found with the knowledge that there are four
trips per peak period, again, with a distance of 31.0 miles.
Daily Transit VMT Increase =31.0 * 8 trips/day = 248 Daily VMT

f) The daily increase in NQ, and VOC is found from MOBILE 5.0a using Heavy Duty Diesel Vehicles
(HDDV) emission rates. The average speed is derived from the average bus speed along the proposed
route, which is 28.7 mph.

NO, emission increase = 248 VMT * 1.8 g/mile * kg/1000g = 0.45. kg/day

VOC emission increase = 248 VMT * 11.68 g/mile * kg/1000g = 2.90 kg/day

g) The net reduction is then found.
NO, emission reduction = [9.75 - 2.90] kg/day = 6.85 kg/day
VOC emission reduction = [7.48 - 0.45] kg/day = 7.03 kg/day





3. Transit Centers'

Trahsit centers combine frequent bus service with park and ride (P&R) lots. The main benefit of thesé
facilities is to reduce VMT, thus allowing for a reduction in both ozone precursors. The analysis for these
facilities/projects is as follows:

a) The first step in the analysis is to estimate the number of autos removed by the new facility.
Autos Removed = Historical P&R Lot Utilization * Parking Spaces in Lot

b) Next, knowing the average peak hour speed and the average driving distance for the area emission
reductions can be found. Note: Distance is multiplied by 2 to account for round trip.

Auto Emission Reduction = Autos Removed * (Avg. Driving Distance * 2) *Peak Hour Speed Emission
Rate for LDGVs : :

¢) Calculate the emissions from the increase in transit vehicles, utilizing known Avg. Driving Distance and

Avg. Peak Hour Speed.
Bus Emission Increase = # of Bus Increase * (Avg. Driving Distance * 2) *Peak Hour Speed Emission
Rate for HDDVs

d) The final calculation yields emission reductions in kg/day. »
Daily Emission Reductions = (Auto Reductions - Bus Increase) * kg/1000g
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4. Park and Ride Lots'

The P&R lot analysis is similar to the analysis of the transit center with the exception that increased bus '
service is not added. The analysis is as follows:

a) The first step in the analysis is to estimate the number of autos removed by the new facility.
- Autos Removed = Historical P&R Lot Utilization * Parking Spaces in Lot

b) Next, knowing the average peak hour speed and the average driving distance for the area the total
emission reductions can be found in, kg/day.

Auto Emission Reduction = Autos Removed * (Avg. Driving Distance * 2) *Peak Hour Speed Emission -
Rate for LDGVs * kg/1000g :

Note: Distance is multiplied by 2 to account for round trip.
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5. Alternative Fuel Buses*

Broward County, FL proposed to buy 4 alternative fuel (electric) transit buses to operate as circulators in
Downtown Ft. Lauderdale. The purpose of this analysis is to demonstrate that using electric buses instead
of the heavy-duty diesel buses will improve air quality.

Assumptions

Buses will operate weekdays between 7:30 am and 5:30 pm (10 hours)

30 minute (0.5 hour) headway between buses per route

Number of Daily Trips = Operation/Headway = 10 hours/0.5 hours = 20 Trips
Average bus running speed is 14.4 mph i

Electric buses were assumed to produce zero emissions

MOBILE model was used to obtain HDDV emission rates

Round Trip distance is approximately 4.8 miles.

oNeNoNeNeNONe!

Analysis

a) Estimate emissions due to operating 4 diesel buses.

Emissions = Number of Buses * Round Trip Length * Number of Daily Trips * Emission Factor
VOCs = 4 buses * 4.8 round trip miles * 20 trips/day * 0.0030 kg/mile = 1.15 kg/day

CO = 4 buses * 4.8 round trip miles * 20 trips/day * 0.0163 kg/mile = 6.26 kg/day

NOx = 4 buses * 4.8 round trip miles * 20 trips/day * 0.0149 kg/mile = 5.72 kg/day

b) The above values reflect the emissions that would be reduced by replacement of the diesel buses with
alternatively fueled buses thus showing an improvement in air quality. -





6. Tampa Historic Electric Streetcar'
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The proposed historic street car, when completed, provides intermodel connections for persons who arrive
at the Convention Center or one of the hotels from Tampa International Airport and who have taken a taxi
to downtown. To calculate emlssmn benefits the following methodology was used.

a) Ridership projections were obtained from annualattendance figures estimated by the City of Tampa,
Ybor City, the Port Authority, the Tampa Bay Lightning, the Florida Aquarium, and the Tampa
Convention Center. Ridership figures were also based on the Memphis, TN streetcar project. The
Memphis project is given reference since the attractions along the system are more relative to that of the
Tampa/Ybor area. Based on the Memphis project a conservative 5% ridership at each of these venues was
used for calculations. To estimate the miles saved an assumption was made that half of the estimated 5%
ridership would ride the streetcar the 4.5 mile round trip between Ybor Cxty and the Garrison Seaport
District and the other half would ride shorter 2 mile trips.

Yearly Projected Attendance 5% Ridership Assumption’

Arena (Tampa Bay Lightning) 800,000 . 40,000
Aquarium 1,000,000 50,000
. Crosstown-Ybor 1,320,000 66,000
Cruise Ships 360,000 15,000
Hogan Burke Theater 1,000,000 50,000
Hotels-Convention Center

Convention Center 112,000 5,600
Special Events 305,000 15,250
Hyatt Regency 201,000 10,050
Local Events

Guavaween 75,000 3,750
St. Patricks/Jose Riley 4,000 200
Gasparilla ~ 100,000 5,000
Special Weekend 75,000 3,750
Total 264,600






b) Calculate VMT reductions.
132,300 passengers travel 2.0 miles round trip = 264,600
132,300 passengers travel 4.5 miles round trip = 595,350 -

Total = 859,950 miles/year = 2356 miles/day

c) Calculate emission reductions achieved from the program.

Emission Reductions = VMT * Emission Factor

VOCs = 0.0014 kg/mile * 2356 mile/day = 3.3 kg/day
'CO =0.0114 kg/mile * 2356 mile/day = 27 kg/day
NOx = 0.002 kg/mile * 2356 mile/day = 5 kg/day

13
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7. Bus Bays on Oakland Park Boulevard' -

Broward County proposed to build 5 transit bus-bays along Oakland Park Boulevard between Andrews
Avenue and Inverrary Boulevard. Currently there are three transit routes that provide service and make
frequent stops along that segment of Oakland Park Blvd. The purpose of this analysis is to demonstrate
that building bus bays will improve air quality by estimating the reduction in time loss due to buses
stopping to load and unload passengers. The concept is based on the reductive effects of local transit buses
on the traffic carrying capacity of an arterial street. The concept in Chapter 12 of the 1994 Highway
Capacity Manual (HCM) was used to estimate that reduction. For comparison purposes, traffic carrying
capacity of Oakland Park Blvd. was evaluated under two conditions: one with bus bays and the other
without.

In the first case, (with bus bays), buses stop in a lane that is not used by moving traffic (curb parking lane),
thereby reducing the impeding effects to other traffic. The time loss to other vehicles due to bus stopping at
a bus bay is estimated at 4 seconds per bus which counts for bus acceleration and deceleration time in the
traffic stream.

In the second case, buses stop in the normal traffic lane impeding traffic flow and causing queuing of
vehicles behind the stopped bus. The time loss in this case includes the dwell time to load and unload
passengers and time loss for stopping and starting. The time loss for the lane in which the bus operates can
be estimated using equation 12-3 of the HCM.

TL = (g/c)*N*(D+L) where,

TL = time loss, in seconds per hour

g/c = intersection green time/cycle time ratio

N = number of buses that stop per hour

D = average dwell time, in seconds : A

L = additional time loss due to stopping, starting and queuing in seconds (6 to 8 seconds on average).

The analy31s covers the impact of constructing five bus bays and to simplify the calculations, the reduction
was estimated for one bus bay and then multiplied by five.

Assumptions .

Three bus routes operate along the subject segment of roadway
30 minute headway per route

Number of buses (3*60/30) = 6 buses per hour

Buses operate 16 hours/day average weekday

The average speed along Oakland Park Blvd is 24.5 mph

[eHeEeNeNY!

Calculation of Loss Time with Bus Bays
The time loss is due to buses maneuvering in and out of bus bays.

Timeloss/hour = 4 seconds/bus * 6 buses/hour = 24 sec/hr
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Where,
Time lost due to bus decel and accel out of bus bay, TL =4
Number of buses per hour, N =6
Average g/c = 0.4
Capacity of through lane = 1800 pcphpg (passenger cars per hour per green)’
Capacity of one lane per hour at 0.4 g/c ratio = 1,800 * 0.4 = 720 pcphpg .
Total green time available to through lanes is 0.4 * 3,600 sec/hour = 1,440 sec/hour
The percent loss in lane capacity may be expressed as:
(24 sec/hr/ 1,440 sec/hour) * 100 = 1.7%
This results in a capacity loss in the right lane of 720 pcph * 0.017 = 12 pcph
* Calculation of Loss Time without Bus Bays
The average dwell time using results from a field survey is 18 seconds per stop.
with,
g/c=04
N = 6 buses/hr
D =19 sec/bu
L = 6 sec/bus
TL = 0.4*6*(18+6) = 58 sec/hour
The percent loss in lane capacity is; (58/1,440)*100 = 4.03%
This results in a capacity loss in the right lane of 720 pcph * 0.0403 = 29 pcph
Emission Reduction Estimate |
Net Capacity gain due to building Bus Bays =29 - 12 = 17 pcph
The distance of the highway impacted by each bus bay is 500 feet

Net VMT gained ‘by installing Bus Bays = (500 ft/ 5280 ft/mile) * (17 pcph * 16 hours/day)
= 26 mile/day :

The average travel speed is 24.5 mph
VOCs = 26 mile/day * 2.31 g/mile * kg/1000g * 5 locations = 0.30 kg/day

CO =26 mile/day * 20.31 g/mile * kg/1000g * 5 locations = 2.64 kg/day
NOx = 26 mile/day * 2.48 g/mile * kg/1000g * 5 locations = 0.32 kg/day -
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Vanpool Programs

1. General Analysig

Vanpools achieve emission benefits by reducing vehicle trips. Average commute distance is doubled to
simulate a round trip. Average ridership should be based on historical vanpool size data obtained from the
Metropolitan Planning Organization (MPO). The analysis is performed as follows:

a) Calculate vehicles removed by the varipool.
VMT removed = Historical Vanpool Size / Avg. Vehicle Occupancy

b) Calculate the Daiiy Emission Reduction achieved by the reduced VMT, kg/day.
ER = VMT removed * Avg. Commute Length * 2 * Peak Hour Speed Emission Rate (LDGV) for Pollutant
* kg/1000g
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2. Dade County, Florida Vanpool Program®

The Dade County Vanpool Program provided 30 vans to qualified participants. Air quality benefits are
achieved through the reduction in VMT associated with the reduction of individual commuters. The
increase in vehicles due to the vans provides a somewhat negative offset of these benefits. The analysis
consists of five steps.

1) - Estimate the number of autos removed from the roadway by the vanpool program.
2) Calculate the Daily VMT eliminated.

3) Calculate the emission reductions due to the decrease in VMT.

4) Calculate the addition emissions generated by the new service.

5) Derive the Net Benefits from the Program.

The following proVides an example.

a) Reduction in Automobile use is calculated by knowing the amount of seating and the average area auto
occupancy. The total seating provided by the vanpool is 345 seats, divided into vans with capacities of 15
and 8 passengers. The average auto occupancy of Dade County is 1.22 persons per automobile. The
calculation is as follows: ‘

Autos Eliminated = Vanpool Seats 7/ Auto Occupancy = 345 Seats / 1.22 Persons / Auto = 283 Autos

b) VMT reduction is calculated through the knowledge of average round trip commuter distance for Dade

~ County. v
VMT Reduction = Autos Eliminated * Average Commute Distance = 283 Autos * 21.8 Miles / Auto

= 6169 Miles

c) Emission Reductions are found by using the appropriate emission rate for LDGVs.
The Average operating speed for Dade County is 27 mph.

Emission Reduction = Emission Rate * VMT * kg/1000g

Emission Reduction = 81.49 kg/day CO; = 10.49 kg/day VOC; = 10.12 kg/day NQ,

d) Emission increases, due to the implementation of the new vehicles, are calculated knowing the emission
rate for Light Duty Gas Trucks (LDGTs) and the VMT for the fleet. The VMT is derived from the fleet
size and the average Dade commute distance, previously noted, or 654 VMT.

Emission Reduction = Emission Rate * VMT * kg/1000g

Emission Reduction = 10.63 kg/day CO; = 1.33 kg/day VOC; = 1.22 kg/day NQ,

e) The Net Air Quality difference is thus a product of the Reductions calculated in step c) subtracted by
the Increases in emissions calculated in step d). '

CO=70.86 kg/day

VOC =9.16 kg/day

NO, = 8.90 kg/day
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Other Off-Model Methodologies

1. Incident Management'

- The main goal of an Incident Management Program is to reduce congestion by removing vehicles which are
debilitated, injured or just broke. Nonrecurring Congestion is the effect these vehicles have on the main line
flow. Excess freeway emission are caused by this type of congestion. This analysis provides the basis for
calculation of reduction of VOCs due to these programs; however, NO, can be analyzed in a similar
fashion.

a) Determine Regional Freeway VOC Emissions, E,.

b) Determine Freeway Emissions due to Nonrecurring Congestion, E..
Ec=Eg * 0.049

Note: 4.9 Percent of Freeway Emissions are Caused by Nonrecurring Congestion’

¢) Next the Daily VOC reductions, Ep, are calculated. These assume, since freeway emissions are
directly related to VMT, that the VMT in the program area is used to calculate emission reductions.
Ep=L *VOL, *E./ VOL; * EFF

where,

L = Length of Freeway

VOL, = Volume of Freeway i

VOL, = Regional Freeway VMT

EFF = Project Effectiveness, 50% for Incident Detection and Response
25% for Motorist Assistance, and 15% for Surveillance.
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2. Pedestrian / Bikeway - General

The main goal of bicycle and pedestrian facilities is to provide other transportation options for a
community. The air quality benefits, as with most projects, come with a reduction in VMT. The general
calculation for these projects is shown below.

a) First, calculate the Daily VMT reduction.
VMT Reduction =PD * Area * L * BMS

where,

PD = Population density of location, persons/milé

Area = Project length * 1 mile radius, milé

L = Round trip length, one-half of the project length times 2 dally trips, miles
BMS = Bike mode share, %

b) Last, calculate the Daily Emission reductions for a pollutant.
Ep = EF, * VMT Reduction

where,

E = Daily Emissions, grams/day

EF, = Emission factor for pollutant x, grams/mile
VMT = vehicle mile/day
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3. Bikeways - General

Little data is available on the utilization of bikeways; however, if such data is available it can prove
invaluable in providing mode shift data to predict VMT reduction. The following is an analysis which
shows how to calculate emission reductions if a history of mode shift percentage is known.

a) First Calculate daily VMT reduction provided by mode shift in the corridor.
VMT Reduction = AADT in the corridor * PMS

where,
PMS = historical percentage of mode shift for area

b) Last, calculate the Daily Emission reductions for a pollutant.
Ep = EF, * VMT Reduction

where,

Ep = Daily Emissions, grams/day

EF, = Emission factor for pollutant x, grams/mile
VMT = vehicle mile/day
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.4. Sidewalks Near Schools in Farragut, Tennesse

This project connected and extended previously constructed sidewalks along the parental responsibility
zone of the Farragut schools. This analysis assumes a minimum usage increase of 10%, with a VMT
reduction of 2 miles on arterials and 5 miles on local roads. There are 5,602 students in Farragut schools.
It should be noted that students walking remove 4 vehicle trips. The analysis is as follows:

a) Since VMT is reduced on both arterials and local roads, there are two VMT reduction calculations.
Students with Travel Mode Change = 5602 *.10 = 560

VMT Reduction (Arterials) = 560 Persons * 2 Miles / Person = 1120

VMT Reduction (Local) = 560 Persons * 5 Miles / Person = 2800

b) Knowing the Average Speed for the given roadway classification emission factors are generated for
both VOC and NO, by roadway classification. , '
VOC Reduction = (1120 VMT * .00194 kg/mile) + (2800 VMT * .00227 kg/mile) = 8.6 kg/day

NO, Reduction = (1120 VMT * .0022 kg/mile) + (2800 VMT * .0019 kg/mile) = 7.8 kg/day
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S. /M Compliance Changes, Texag

Procedures leading to a higher compliance rate for a I/M program benefit air quality by detecting then
repairing faulty emission control systems. The Texas Air Control Board was asked to supply projected
compliance rates for changes to our current /M system. Current compliance rates for each county are
available from TACB. Emission benefits are calculated with the following equations:

a) The first step is to calculate the emission rates before and after a change in compliance rates, g/day.
Improved Emissions = Projected /M compliance * AADT * 24hr Avg. Speed Emissions
Previous Emissions = Current /M compliance * AADT * 24hr Avg. Speed Emissions

~b) The final step is to calculate the Daily Emission benefit due to the increased compliance rate, kg/day.
Daily Reductions = (Improved Emissions - Previous Emissions) * kg/1000g
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6. Travel Demand Management (TDM), Public Education Campaign, Pinellas County. Florida

The purpose of this project was to provide intermodal transportation information via several programs
within a public education campaign to promote a shift from the use of single occupant vehicles (SOV) to
alternatives such as bicycle, public transportation, and ridesharing. By educating the public to these |
transportation options and their cost effectiveness, a substantial number of vehicles could be eliminated
- from the roadway, thus reducing VMT.

a) The first step in the analysis is to combine the knowledge of Work Trips for the area with the Trip Rate.
Pinellas County has an estimated employment of 377,312. Knowing the Home Based Work Trip Rate is
1.8, provided by the FSUTMS model, Daily work trips can be calculated.

Daily Work Trips = Total Employment * Trip Rate = 377,312 * 1.8 = 679,162 Trips

b) The 1991 Tampa Bay Regional Survey conducted by Florida Department of Transportation provided
Trip Length Distribution information. This survey showed the Mean Trip Length was 26.6 minutes,
reflecting travel time and terminal times. Using an average area speed of 19.6 mph the Average Trip
Length can be calculated.

Average Trip Length = Average Travel Speed * Mean Trip Length * hr / 60min = 19.6 miles/hr * 26.6 min
* hr / 60min = 8.68 miles

¢) Next the VMT reduction can be found with the knowledge of the Daily Work Trips and Average Trip
Length.

Work VMT Reduced = 679,162 * 8.68 miles = 5,895,123

d) Based on a study conducted by STAPPA/ALAPCO an estimated percent reduction in work travel VMT
was found to be 0.5 %.% Therefore the VMT Reduction due to the implementation of the Public Education

Campaign is:
VMT Reduction = 5,895,123 * 0.5 = 29,476

e) The final step is to calculate the emission reductions using MOBILE emission factors for the known
Average Speed of 19.6 mph. :

Emission Reduction = VMT * Emission Factor (g/mile) * kg/1000g
VOC Reduction = 29,476 * 2.36 g/mile * kg/1000g = 69.6 kg/day
NO, Reduction = 29,476 * 2.46 g/mile * kg/1000g = 72.5 kg/day
CO Reduction = 29,476 * 20.38 g/mile * kg/1000g = 600.7 kg/day
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7. Ramp Metering’

Project/Policy Description

Ramp metering is a common form of urban traffic control. It aims to reduce or eliminate operational
problems resulting from freeway congestion by restricting flow to the freeway mainline. With mainline
demand restricted to less than the available capacity, ramp metering tends to maintain uninterrupted, non-
congested flow on the freeway. By smoothing vehicle flow, ramp metering aids in utilizing the existing
freeway capacity and also reduces the probability of accidents at merge locations.

The total change in vehicle emissions due to ramp metering can be broken down into 3 elements: travel
changes on the mainline, travel changes on the arterial street system, and changes in operating conditions
on the ramp. All three elements are affected by the changes in traffic volumes resulting from ramp
metering, including increased traffic volumes on the arterial street system. Emissions on the ramp change
because of the changes in the way the ramp is operating. Ramp metering results in greater vehicle idling
and greater acceleration on the ramp then is experienced without ramp metering. The travel demand
forecasting model accounts for emissions resulting before the implementation of ramp metering. Therefore,
the change in emissions before and after ramp metering is calculated in this analysis so that the difference
can be applied to the total regional emissions from the travel demand forecasting model.

Assumptions

1) Vehicles entering at on-ramps are not experiencing delay before the implementation of ramp metering.
2) Emissions associated with the change in acceleration/deceleration on the ramps are negligible compared
to emissions resulting from the increases in travel speeds on the freeway mainline.

3) Ramps are only metered until the maximum storage capacity of the ramp is met. After that time, ramp
metering is turned off. .

4) Queuing emissions on the ramp include that emission of the vehicle traveling on the ramp at low speeds.
5) No consideration was given to concurrent use of HOV facilities in the ramp metering corridor.

Emissions Analysis

a) Determine the freeway limits and time period for the ramp metering. Considerations for the
implementing ramp metering are discussed in theManual on Uniform Traffic Control Devices and the
NCHRP Report 232, Guidelines for Selection of Ramp Control Systems, Page 52. The Florida DOT used
freeway volume after the merge point and speed to determine if ramp metering was warranted as-
documented in the Southeast Florida Intelligent Corridor System Ramp Metering Analysis.

b) Obtain volumes (HPMS adjusted), capacities, and speeds of travel demand network links for all
freeways, ramps, arterial cross streets and parallel cross streets which will be affected by ramp metering.

c) Calculate total emissions before ramp metering for the time period when ramp metering will be
implemented (such as the peak period):
Total Emissions =3 (LENGTH, x #VEHICLES, x EMISSIONS RATE; )
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where,
1=1 to n, and n is the number of links

d) Determine ramps to be metered and their associated storage capacity and metering rates. Ramp
metering rates can be determined by first calculating the reduction in demand required to result in the
desired mainline operating condition. After the mainline difference is calculated, the difference is
distributed between the upstream ramps. The metering rate will be dependent on the required reduction, the
demand at the particular on-ramp and the storage capacity of the ramp.

The recommended minimum metering rate is 300 vehicle per hour (for a one-lane ramp), and the
recommended maximum is 900 vehicles per hour (for a one lane ramp)°

e) Calculate total ramp delay and the maximum individual waiting time due to the implementation of ramp
metering. These can be calculated using basic queuing diagrams of number of vehicle accumulated over
time (see example in Figure 1).

f) Estimate the diversion of vehicles to the parallel arterial. The number of vehicles diverting will be a
function of trip length, queue length, ramp delay, and the availability and efficiency of alternate route¥.

| g)Adjust volume/capacity ratios for all links as needed to account for ramp metering (queuing on the ramp)
and diversion.

h) Calculate new freeway, cross street arterial and parallel arterial speeds using the travel demand model
volume/delay curves.

i) Calculate after metering emissions based on new link volumes, capacities and speeds Freeway and
arterial link’emissions can be calculated as described in step 3.

j) For the on-ramps, calculate queuing emissions as follows:
Total Emissions = Total Delay x Emissions Ratgy;,,

k) Calculate the difference between before metering and after metering emissions.
) Calculate emission differences for all peak periods which are metered.

m) Apply the total difference in emissions for all peak periods to the total emissions calculated from the
travel demand model output (total emissions before metering).

Caveats

1) The congestion mitigation benefits of ramp metering are conservative since the methodology is based on
average annual daily traffic and no incident delay is incorporated into the analysis. Ramp metering will
reduce incidents at the freeway merge and the associated vehicle delay.

2) The emissions estimate assumes that there will be no change in demand as a result of the ramp metering.
The same number of vehicle trips will be made although they may be diverted to the arterial street systems.
The methodology does not take into consideration latent demand that may be generated with better
operations on the freeway; in the forecast years, this will be less critical due to the fact that demand will

probably greatly exceed capacity.





8. University North Commuter Center"
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The University North Commuter Center will offer information and related services to promote greater use

of a range of commuter alternatives to SOV travel, including public transit, ridesharing, bicycling, walking,

telecommuting and others. Services include a staffed information center, located at the University Mall, a
transportable kiosk for special events within University North, a “Virtual Commuter Center” web page,
and covered bicycle storage units available to participating employment sites. The analysis is as follows:

a) Estimate the number of users/participants, users. 400 new users.

b) Estimate gross vehicle trip reduction (VTR) based on mode shifts. Gross one-way vehicle trips reduced

= users * mode Trip Reduction Factor (TRF).

Users TRF Daily Trips Gross Trips Reduced
New Carpooler . 210 ) 0.5 2 210
New Vanpooler 10 0.9 ‘ 2 18
New Transit User ' 100 v 1] 2 200
New Bicyclist 50 1 2 100
New Walker 20 1 2 40 |
| New Telecommuter 10 1 2 20
New Compressed Work 0 1 2 0
Week .
New Sa(cllﬁe Work 0 ) 0 2 0
Center User .

Total Gross Trips Reduced = 588

c) Fraction of users or pérticipants using prior HOV and/or SOV access, in percent.

HOV% = 10.0

d) Determiné net VIR. Net Vehicle One-way trips reduced = Gross VIR * (1 - HOV%/100)

Net VTR = 588 * (1 - 10/100) = 529.2 |

e) betexmine vehicle miles of travel reducted (VMT). Average one way trip length = 11 miles/trip.
Reduced VMT = Net VTR * Average Trip Length = 529.2 * 11 = 5821.2 |

) Determine daily emissions redﬁced. Daily Emissions Reduced = Emission Factor * Reduced VMT
CO Reduced = 5821.2 mile/day * 0.0114 kg/mile = 66.4 kg/day

NOx Reduced = 5821.2 mile/day * 0.0020 kg/mile = 11.6 kg/day
VOC Reduced = 5821.2 mile/day * 0.0014 kg/mile = 8.1 kg/day
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9. Qualitative Analysis - Intermodal Transit Link¥

Project Description

The study will examine transit system connections withing the Downtown and a Historic Area that will
coordinate with other transportation components such as parking and bicycle / pedestrian facilities.

Purpose

The proposed CMAQ grant will fund a study which examines opportunities to improve the efficiency of
transportation services in the Downtown and a Historic area. This project will examine optimal transfer of
locations for intermodal connections between all modes of transportation including an electric streetcar,
future rail transit, buses, bicyclists, pedestrians, and automobiles. Parking availability and opportunities
will also be analyzed. ' :

Project Justification

Effective intermodal connections are essential to an efficient transportation system. This study will identify
optimum locations for intermodal transfers to reduce vehicular congestion, idle times in buses and
automobiles, and overlapping transit service. In addition this analysis will identify ways to improve service
and public use for through trips and intermodal connections by improving or streamlining routes and
improving and adjusting headways. The air quality benefits derived from this project are difficult to
quantify. However, for the purposes of this analysis, it is assumed that efficient intermodal connections
will achieve a substantial reduction in the overall mobile source emissions in the study area for several
reasons.

Increased transit ridership attributed to better connectivity ‘

Amenities for pedestrians and cyclists (information kiosks, bike racks, shelters)
Increased use of non-motorized travel _

Less vehicle idle times waiting for connections

Reduced, shorter internal trips, less cold starts

NN
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List of Abbreviations/Acronyms*

APTS

ARTS

ATIS

ATMS

AVL

CARAT

CBD
CCTV

Clearinghouse

CvO

Advanced Public Transportation Systems. FTA program to focus R&D
and funding efforts on ITS technologies composed of five main areas:
vehicle operations and communication, high occupancy vehicles,
customer interface, rural transportation, and market segment
development.

Advanced Rural Transportation Systems.

Advanced Traveler Information Systems. Vehicle features that assist the
driver with planning, perception, analysis, and decision-making.

Advanced Traffic Management Systems. An array of institutional,
human, hardware, and software components designed to monitor,
control, and manage traffic on streets and highways.

Automatic Vehicle Location. The installation of devices on a fleet of
vehicles (e.g. buses, trucks, or taxis) that enable the fleet manager to
determine the location of specific, AVL-equipped vehicles in the road
network.

Congestion Avoidance and Reduction for Automobiles and Trucks.
ATIS/ATMS system in Charlotte, NC involving an advanced
transportation management center (TMC) and a subscription-based
advanced traveler information system (ATIS) that will provide incident
location and response as well as consumer information to its users. This
is the original acronym/name for the system and has been replaced with
the name “Metrolina Regional Transportation Management System”.

Central Business District.
Closed Circuit Television.

A clearinghouse stores real-time data for traveler information. The
system will include data from system loops, intersections, a detector
station, posted incident reports, IMAP incident reports, and real-time bus
schedule information. All information whether it is stored locally or
remotely, will be accessible from a central location.

Commercial Vehicle Operations. The application of ITS technology to
commercial vehicles.

1 A number of the definitions regarding communications devices and protocols are from, “Newton’s Telecom
Dictionary,” 16™ Edition, Harry Newton, Telecom Books, February 2000.

Kimley-Horn and Associates, Inc.
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CVISN

DMS
DMV

DSL

FHWA

HAR

HOV

IMAP

Incident

ISDN

ISP

ISTEA

Kbs

Kiosk

Market packages

Mbs/Mbps
MDT

MPO
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Commercial Vehicle Information Systems and Networks. Refers to the
ITS information system elements that support CVO.

Dynamic Message Signs.

Department of Motor Vehicles.

Digital Subscriber Line. A generic term for a family of digital lines that
provide high-speed data transfer rates across standard telephone lines.
Typical bit rates on a DSL connection range from 128kbs to 8Mbs.

Federal Highway Administration.

Highway Advisory Radio. The transmission of localized traffic advisory
messages using 520 AM and 1610 AM frequencies.

High Occupancy Vehicle. Any vehicle containing more than one person.

Incident Management Assistance Patrol. A service run by the NCDOT to
identify freeway incidents and assist emergency personnel.

Any accident, stalled vehicle, or other delay-causing problem on a street
or freeway.

Integrated Services Digital Network. Leased-line data network over
telephone lines. A typical ISDN line connects at 128kbs but is more
costly in both the end equipment and monthly cost.

Information Service Provider.

Intermodal Surface Transportation Efficiency Act, passed by Congress
and approved by the President in December of 1991, becoming Public
Law 102-240.

Kilobytes per second.

An interactive information center for traffic or travel data located in
shopping malls, parking decks, hotels, airports, businesses, transit
terminals, etc. It always has interactive computer capability and
sometimes has communications linkage to real-time traffic data.

The FHWA has identified 56 market packages that describe projects in
general terms and identifies the information that must be shared between
the various components.

Megabits per second.

Mobile Dispatch Technology.

Metropolitan Planning Organization.
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MRTMC

Multimodal

Multiplexers

NIA

PART

RSVP
RWIS

Smart Card Technology

T-1
TAC

TCC

TCC
TEA-21
T™MC

T™MS
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Metrolina Regional Transportation Management Center

The use or ability to use multiple modes of transportation; i.e.,
automobiles and buses.

Electronic equipment that allows two or more signals to pass over one
communications circuit.

National ITS Architecture. The NIA is a framework that describes what a
system does and how it does it. The architecture identifies the functions
to be performed by the system, allocates these functions to subsystems,
and defines the flows of information and the interfaces between the
subsystems and components.

Piedmont Authority on Regional Transportation. Regional Transportation
between Winston-Salem, Greensboro, and the regional hub at
Greensboro Regional Airport.

Ride Sharing Vehicle Program.

Roadway Weather Information System.

A regional electronic payment system that permits the same method of
payment for all transit systems in the region. In addition to permitting
travelers to use multiple bus systems without a complicated payment
system, Smart Cards enable the various transit and planning agencies to
better track ridership, transfers, and other information that can be used to
plan for future transit enhancements.

A digital transmission link with a total signaling speed of 1.544 Mbps.
Transportation Advisory Committee.

Traffic Control Center. Sometimes used interchangeably with Traffic
Operations Center (TOC). Strictly defined, TCCs primarily control traffic
while TOCs are headquarters for enforcement, operations, and
maintenance personnel. TCCs and TOCs often are combined
functionally.

Technical Coordinating Committee.

Transportation Equity Act for the 21% Century

Transportation Management Center.

Transportation Management System.
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Traffic Signal Systems A system of interconnected traffic signals (signal controllers) whose
major objective is to support continuous movement and minimized delay
along an arterial or a network of arterials.

TRTMC Triangle Regional Transportation Management Center
TTA Triangle Transit Authority.
User Packages A list of 63 technology groups that define ITS elements and projects.

Where a Market Package defines a general goal of ITS, User Packages
define the technologies and deployments that compromise the Market

Package.
VRAS Voice Remote Access System.
VMT Vehicle Miles Traveled
WIM Weigh-In-Motion.
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Executive Summary

The North Carolina Department of Transportation (NCDOT) is developing a statewide Intelligent
Transportation Systems (ITS) Strategic Deployment plan. The purpose of this plan is to develop a
structured implementation of ITS projects by addressing the State’s immediate and long-term traffic
operations needs of the state.

Developing any statewide plan requires input from many sources, not just from a statewide board or
agency. The statewide plan, therefore, is the result of several regional plans, developed through an
aggressive stakeholder outreach program that invited the input from well over 1,500 people of different
backgrounds. This document represents responses to the statewide plan from the stakeholders in the
Fayetteville Region.

The process that was used throughout the development of the regional and statewide ITS deployment
plans follows the requirements and direction of the National ITS Architecture (NIA), a framework that
describes ITS components by their functionality and defines how these components are to work together
as a system. The architecture identifies the functions to be performed by the system, allocates these
functions to subsystems, and defines the flows of information and the interfaces between the systems,
subsystems and individual elements.

The Fayetteville region includes parts of Cumberland and Harnett Counties. Major cities in this region are
Fayetteville, Fort Bragg, Hope Mills, Spring Lake, Buies Creek, Angier, and Lillington. Although relatively
new, there are several ITS deployments that are either fully functional, in construction, or in the planning
stages throughout the Fayetteville Region.

From the stakeholder input process, the ITS Strategic Deployment Plan process identified 29
transportation needs. These needs were ranked by the regional transportation leaders to identify the
most pressing issues, which in turn, permitted the use of the NIA to develop a regional ITS deployment
plan and architecture that addressed these needs.

From this process, it was determined that traffic control, en-route driver information, pre-trip travel
information, and route guidance were the most urgent issues. Short- and long-term project plans were
then determined from the needs. The key component of the Fayetteville Region ITS Deployment plan is
to development of a central database of traveler information to be disseminated to motorists throughout
the region.

The concept of the Fayetteville Regional architecture is that the City of Fayetteville and NCDOT share
control of the traffic operations equipment through the region, and, therefore, has easy access to a
majority of the traffic information generated. External inputs, such as from I-95, the Incident Management
Assistance Patrol (IMAP) program and the NCDOT statewide program office needs to be accessed, but
not generated or stored locally. The concept of the architecture is that the City of Fayetteville and
NCDOT share information both regionally and, statewide to provide information that can be easily
accessed from one concise front end.

The regional communications architecture is limited because of the deployments, both existing and
planned, and the geography of the region. The system will encompass the existing communications
between Fayetteville and the existing ITS elements, with new deployments providing or improving
communication, as necessary.

Kimley-Horn and Associates, Inc. 1 www.ncsmartlink.org
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Introduction

ITS are applications of advanced traffic operations and communications technologies used to improve
safety, relieve congestion, and provide better information to travelers. The NCDOT has determined that a
blueprint is needed to guide future deployment of ITS throughout the state. This guided deployment of
ITS will result in an integrated, cost-effective plan that will increase motorist safety and security, preserve
infrastructure and services, ensure transportation system efficiency, provide information, and increase
economic development opportunities throughout North Carolina.

The statewide ITS Strategic Deployment plan will consist of a compilation of statewide needs and the
needs gathered in nine Regional ITS Strategic Deployment Plans. This Fayetteville Regional ITS
Deployment plan represents one of those nine regional reports. To guide the future deployment of ITS
technology in the state, NCDOT is developing a statewide ITS Strategic Deployment plan. This planning
process has developed a structured implementation of ITS projects by addressing the immediate and
long-term transportation needs in the state. The Department is committed to improving the safety and
efficiency of North Carolina’s transportation systems, including transit, rail, aviation, bicycle, and
pedestrian, as well as highways.

Developing a statewide plan of any sort requires input from a broad base of stakeholders across the
board, not just from a statewide board or agency. The statewide plan, therefore, will be the result of three
rural and six urban regional plans. Each of these independent but coordinated plans has been developed
through an aggressive stakeholder outreach program that invited input from approximately 1,500 people
from different backgrounds who have important influence over or opinion on North Carolina’s
transportation system. This deployment plan takes into account the issues of previously developed area-
wide plans as well as multi-modal plans from local agencies.

The Fayetteville Regional ITS Plan is intended to be a living document that represents a consensus of
ideas and concerns from municipalities and other entities in this region, the Division and other NCDOT
representatives, and from a diverse group of stakeholders in the North Carolina transportation system.

Introduction to ITS

Increasing the capacity of the transportation network has traditionally been the responsibility of
transportation planners, highway designers, and road builders. When a roadway neared capacity, the
most frequent response by the NCDOT and other public agencies was to add additional lane miles.
Today, as development increases, it is becoming increasingly difficult to add additional lanes without
expensive right-of-way acquisitions. ITS has evolved over the last decade to describe a federal emphasis
area for transportation systems. ITS also denotes a body of knowledge and discipline area among
transportation systems, vehicle systems, and communication systems engineers. The federal program
was first authorized by the 1991 Intermodal Surface Transportation Act (ISTEA) and continued by the
1998 Transportation Equity Act for the 21% Century (TEA-21).

The program is supported by all modal administrations within the United States Department of
Transportation (USDOT), and by a broad-based professional association called ITS America, which acts
as an official advisor on the ITS program to the USDOT and the various administrations of that
department and other entities. The National Program Plan for ITS identified the following goals for the
national program:
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1. Widespread implementation of ITS to enhance the capacity, efficiency, and safety of the federal-aid
highway system; to serve as an alternative to additional capacity of the federal-aid highway system;
and to enhance development of intermodal connectivity.

2. Enhance, through the more efficient use of the federal-aid highway system, the efforts of several
states to attain air quality goals established pursuant to the Clean Air Act.

3. Enhance the safe and efficient operation of the nation's highway system, particularly system aspects
that will increase safety. ldentify system aspects that may reduce safety.

Develop and promote ITS and the ITS industry in the United States.
Reduce social, economic, and environmental costs associated with traffic congestion.

Enhance U.S. industrial and economic competitiveness and productivity.

N o g &

Develop a technology base for intelligent vehicle-highway systems and establish the capability to
perform demonstration experiments, using existing national laboratory capabilities, where
appropriate.

8. Facilitate the transfer of transportation technology from national laboratories to the private sector.

ITS, in short, is the use of advanced traffic operations technologies and communication technologies that
help increase throughput on existing facilities, improve safety, and provide better and more accurate
traveler information to the public.

Additional throughput is occurring in many ways. Advanced traffic surveillance and signal control
systems, for instance, have resulted in travel time improvements ranging from 8 to 25%. Incident
management programs can reduce delay associated with congestion caused by incidents by as much as
45% and freight mobility systems have shown productivity gains of more than 25% per truck per day’.

The following two examples illustrate the beginnings of ITS programs in North Carolina. At the rest areas
associated with some of the welcome centers on interstate highways entering the state, traveler
information kiosks promote tourist attractions, highway safety messages, highway construction zones,
highway services, hotels, restaurants, etc.

These interactive traveler information kiosks provide printed directions to destinations and have the
capability of downloading html files that could convey weather information, real-time traffic conditions,
incidents, etc. They are a basic, in-place building block for an Advanced Traveler Information Systems
(ATIS) in this region. The same type of facility exists at several welcome centers in North Carolina and
Tennessee. This private-sector partnership with the state is an excellent example of how ITS is already
deployed, and is extremely popular with the tourism industry in the state.

The second example of an in-place component that relates to the ITS program is a freeway assistance
service operated by the NCDOT along various portions of I-40 and [-85 in North Carolina. These service
patrols (part of the statewide IMAP service that exists in various districts of the NCDOT) provide
emergency services such as gasoline, emergency starts, communications, etc. for stranded motorists.
They also help to direct traffic around incidents. NCDOT trucks are equipped with communications
equipment that could make them effective “vehicle probes” that provide traffic condition information to an

2 Bendfitsdatais taken from various sources, including: Meyer, M., “A Toolbox for Alleviating Traffic Congestion and Enhancing Mobility,” Institute of Transportation
Engineers, 1997; Intelligent Transportation Systems: Real World Benefits, prepared for FHWA Intelligent Transportation Systems Joint Program Office, Apogee/Hagler Bailly,
January 1998; and, «« Review of ITS Benefits: Emerging Successesn , Prepared for Federal Highway Administration, MITRETEK Systems, September 1996.
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information clearinghouse or to one or more of the regional Transportation Management Centers (TMC)
in the Triangle, the Triad, or Charlotte.

Introduction to the ITS Strategic Planning Process

The process that is used throughout the development of the regional and statewide ITS deployment plans
follows the requirements and direction of the NIA. The NIA is a framework that describes what ITS
elements and systems do and how the different elements and control centers function together. The
architecture identifies the functions to be performed by the system, allocates these functions to
subsystems, and defines the flows of information and the interfaces between the subsystems and
components.

This section describes the process used in the Fayetteville region of the state to develop the deployment
plan. A more detailed description of the process, and the elements that make up the process which were
used in the plan development, is provided in the Appendix.

ITS Planning Process

The general ITS planning process is shown in Figure 1. This is the methodology described in detail in
“Integrating Intelligent Transportation Systems within the Transportation Planning Process: An Interim
Handbook” (FHWA, January 1998) and in the “Implementation Strategies” volume of the National
Architecture. This process follows a direct path towards the development of a deployment plan.

The Regional and Statewide ITS Deployment Plans were developed through a multi-step process that
meets the goals and objectives of the NIA. This process invites many stakeholders from multiple
agencies to provide input into the planning process. In turn, this input is reduced into general and specific
projects that form the overall regional and statewide plans.

It is the intent of the NIA that these regional and statewide plans consist of more than individual projects
and technologies. The NIA was developed in response to deployment of systems that were not

compatible with one another by many state and local agencies. In addition, as these systems were being
planned, designed and deployed, neither future expansion nor interagency coordination were considered.

The NIA, therefore, is being used to foster communications between agencies with the goal of developing

regional and statewide plans that facilitate interagency communication and coordination, as well as long-
range visions that accommodate future integrated growth of ITS in the Fayetteville Region.
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Develop Institutional Framework

and Build Coalition Define Problems and Needs

Establish User Service Objectives

Short Medium Long

User Service Plan

Establish Performance Criteria

Identify Needed Functional Areas

Define Functional Requirements .
to Support User Services Define System Architecture

Identify and Screen Alternative Technologies and Related Issues

Strategic Deployment Plan

Set of Projects

Evaluation

Figure 1. ITS Planning Process.
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Background

Project Background

Statewide

The population of North Carolina is growing. As the population grows, so, too, does the demand on the
transportation system. This demand is seen throughout the state every day during the peak periods as
commute times to and from work continue to increase. Recreational areas are experiencing similar
congestion. The projected growth in vehicle miles traveled is shown in Figure 2.

The Federal Highway Administration (FHWA) has identified ITS as one of the key responses to
congestion mitigation and incident response. ITS is typically more cost-effective than traditional methods
of congestion mitigation, such as the addition of new lanes. It also provides tangible side benefits, such
as constant data collection for use in planning and operational models.

The NCDOT has identified the need to continue expanding ITS throughout the state. Although there are
pockets of deployments (such as traffic signal systems and freeway management systems), these
deployments have not been coordinated and do not address all the statewide needs.

The purpose of this document is to demonstrate the need to improve the transportation system, identify
ITS solutions, and provide a framewaork for continued deployment throughout the region and state. This
document will be used as part of an overall statewide plan.
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Figure 2. Projection of Key Transportation Indicators for North Carolina.
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NCDOT Regional Plans

The North Carolina ITS Strategic Deployment Plan comprises nine regional plans, as shown in Figure 3
(the 1-95 Region is included in the Statewide Report in the interstate system). These regions are grouped
according to the ITS needs within each region. For instance, the needs in the Asheville region focus on
tourism and weather, while needs in the Interstate region focus on Commercial Vehicle Operations (CVO)
and a combination of out-of-state travelers, local commuter travel, and truck routes.

Each of the regions is composed of multiple stakeholders and jurisdictions. These stakeholders include
cities, counties, several field divisions within NCDOT, and metropolitan planning organizations (MPOs) for
the 17 urban regions in the state. Other interested organizations in urban regions include the police, fire
departments, county emergency management agencies, and urban transit agencies.

Through this process, nine regional plans will be developed (the Interstate Region is included as part of
the Statewide Plan). All of these plans will be combined to develop a Statewide ITS Deployment Plan
that will guide each of the agencies involved as well as NCDOT in the deployment of ITS in the coming
years.

Project Goals and Objectives

The Fayetteville Regional ITS Deployment Strategy must be compatible not only with the regional and
local goals set forth by municipalities and counties in the region but also with statewide transportation
goals and objectives and the national ITS goals.

Goals of the National ITS Program

The National ITS program was initially created through the ISTEA of 1991, when Congress recognized
the critical need to address the aging transportation network. ITS was identified as one of the methods of
improving the network.

Since then, the FHWA has been actively pursuing ITS as a key means to improving the safety and
efficiency of the transportation system. The National ITS program also has been instrumental in
developing the NIA. The NIA is a response to the increased deployment of ITS without clearly defined
interoperability between either systems or subsystems.

The program was extended by the ITS Act of 1998, which was a part of TEA-21. This guidance has been
effective in the ongoing development and integration of ITS elements.

TEA-21 contained four provisions concerning ITS, which provides funding for the six fiscal years covered
by the Act:

ITS Deployment — small incentive grants to states and local governments to encourage ITS
integration and CVO infrastructure deployment

Kimley-Horn and Associates, Inc. 7 www.ncsmartlink.org
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ITS Integration — acceleration of the integration and interoperability of ITS

CVO Infrastructure Deployment — advancing technological capability and promoting ITS in
the trucking industry

ITS Research and Development — specifically includes funding for ITS services, among other
program areas

TEA-21 lists several requirements for project funding, including:

Contribute to national deployment goals and objectives

Demonstrate strong commitment among stakeholders

Maximize private sector involvement

Demonstrate conformity to NIA and approved ITS standards and protocols °
Be included in statewide or metro area transportation plans

Ensure continued long-term operations and maintenance

Demonstrate that personnel have necessary technical skills

Statewide ITS Goals

The overarching goal of NCDOT's ITS program is to support the Department’s mission to “provide and
support an integrated transportation system and related services that enhance the State’s well-being.”

Adding specific goals for the statewide ITS program to this mission statement, the following guiding
principles that support this overall mission have been identified:

Increase motorist safety and security

Preserve infrastructure and services

Ensure transportation system efficiency

Increase economic development opportunities

Incorporate the ideas and concerns of a broad cross-section of stakeholders in the State’s
transportation system

Provide both static and dynamic transportation information, including road conditions,
closures, and incident status updates

Develop a mechanism to facilitate the sharing of information between NCDOT and other
public and private agencies

% Note that at the time of passage of TEA-21, and at present in early 2001, the NTCIP Protocols and other ITS
Standards are not al in place and established standards
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In addition to these seven goals that have guided the preparation of each of the nine regional ITS
Strategic Plans in the State, there is an element of incorporating ITS technologies into the overall toolbox
of solutions to transportation problems. The eight goals of the Department, and the objectives that ITS
helps to fulfill to meet those goals, are as follows:

Goal 1: Provide a safe and well-maintained transportation system that offers modal choices for the
movement of all people and goods.

ITS Objective: Use ITS technologies to provide information among modes of routes, schedules,
incidents, fares, real-time vehicle tracking, and other traveler and shipper information.

Goal 2: Provide quality customer service.

ITS Objective: Use advanced technologies available in ITS solutions to provide “user friendly”
interface between users and transportation systems and services.

Goal 3: Develop efficient processes to provide quality transportation services.
ITS Objective: Investigate ITS technologies and applications in appropriate projects to provide

innovative and flexible solutions and incorporate those technologies where cost-benefit ratios are
greater than other solutions.

Goal 4: Demonstrate responsible stewardship of fiscal resources.

ITS Objective: Compare ITS solutions to new capacity solutions in order to obtain the most cost-
effective use of available funding.

Goal 5: Demonstrate responsible stewardship of other resources.

ITS Objective: Assess the environmental, energy consumption, aesthetic, and other impacts of
ITS technology deployment as compared to other transportation solutions.

Goal 6: Support the development of sustainable, vibrant communities.

ITS Objective: Incorporate the entire ITS stakeholder base into local community efforts to support
sustainable community initiatives.

Goal 7: Maintain a quality workforce.
ITS Objective: Use the technological skills of communications and electronics engineers to
upgrade the level of technical expertise in the Department and upgrade other disciplines with
cross-training in ITS technology applications.

Goal 8: Make decisions in a manner that builds trust and mutual respect.

ITS Objective: Develop strong, effective partnerships within the various units of the Department.

Kimley-Horn and Associates, Inc. 10 www.ncsmartlink.org
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Regional ITS Goals

Two types of regional ITS goals are identified in this document: short-term and long-term.

Short-Term

Short-term goals focus on improving safety and security for the traveling public in all modes of surface
transportation, and increasing the quantity and quality of relevant, timely travel and traffic information to
the public. Short-term goals also concentrate on building up the “human capital” resources with improved
training of personnel in technical disciplines and the development of better, cost-effective ways of
establishing partnerships among public agencies and between the public and private sectors to deploy
ITS projects in the State. Specific short-term principles to apply as goals include:

Increasing motorist safety and security
Preserving infrastructure and services

Ensuring transportation system efficiency

Incorporating all stakeholders’ input in the planning process

Long-term

Long-term goals involve many larger projects that actually start in the short-term. These larger scope
projects require a significant investment in infrastructure, planning, and coordination. A new, regional
TMC, a network of advanced weather information stations, or a statewide weigh-in-motion (WIM) and
truck safety system will be considered projects that fit under long-term ITS goals.

Long-term goals include all the principles applied in the short-term, plus:

Increase opportunities for economic development

National ITS Architecture

All projects that will use federal ITS funds require the development of a regional and/or statewide ITS
architecture that meets the needs and criteria set forth by the NIA. As such, the regional and statewide
deployment plans require that an ITS architecture be developed. The process of developing an
architecture is briefly discussed earlier in this document, in the ITS Planning Process section. A detailed
description of the NIA process, goals and objectives is included in the Appendix.

Stakeholder Input Process

Figure 1 shows the multiple steps that are involved in the stakeholder input process. The first step is to
establish a stakeholder coalition to develop the vision and define the goals and objectives of the plan, as
well as to identify any problems. The stakeholder input process involved multiple meetings and forums
with key persons and agencies. Further information on the meetings and attendees is provided in the
Appendix.
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Despite differences among the regions with respect to how many meetings were held, in general, the
meetings in each region occurred in the following order:

Regional Kick-Off/Consensus-Building Meeting. The first task in each region was to hold a
regional kick-off/consensus-building meeting. These meetings typically included NCDOT
representatives from the region, city and local transportation planners and engineers, and other
interested key individuals. The intent of these meeting was to briefly introduce the project and
overall statewide goals, customize the deployment planning process for each region, and identify
the key public and private stakeholders within the region.

Planning Sessions. Multiple presentations occurred after the project kick-off meeting and prior to
the summit meeting in each region. These presentations typically included briefings of the
Technical Coordinating Committee (TCC) and Transportation Advisory Committee (TAC) in each
region, and the presentation of ITS information to other key transportation groups and officials in
the region. The purpose of these presentations and briefings was to promote ITS goals, provide
a brief overview of the benefits of ITS, and inform people about the upcoming summit in the
region.

Regional Summit. One to four regional summits were held in each of the nine regions.
Stakeholders in the regions were invited to these half-day events that featured a presentation of
the project background, information regarding the benefits of ITS, and an opportunity for the
stakeholders to share and document their key issues.

Regional Team Meetings. Regional team meetings involved a group of key transportation
stakeholders and decision-makers in the region. These meetings were used to establish the
existing ITS deployments, prioritize regional needs identified in the summit meetings, and develop
short- and long-term packages for deployment.

User and Market Packages

The goal of the stakeholder process is to develop a strategic plan of projects that can be implemented
that also meet the transportation needs expressed by the stakeholders. Through the development of the
NIA, the FHWA has identified 31 user services for urban areas, and 63 market packages that describe
projects, and also identifying the information that must be shared between the various components. The
process of identifying user services is shown in Figure 4.

The overall system architecture can be developed by selecting the appropriate user services and market
packages. Grouping these packages together produces the overall system architecture and shows the
data that must pass between elements and agencies. The user services generate categories of projects,
such as traveler information. The packages are more specific types of projects.

There are seven Critical Program Areas in the ITS area. Those seven programs are:
Traveler Safety and Security - Technologies use a in-vehicle sensors and information systems to alert

drivers to hazardous conditions and dangers. This program features wide-area information dissemination
of site-specific advisories and warnings.
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Figure 4. Identification of Needs and User Services

Tourism and Travel Information Services - Use in-vehicle navigation and roadside communication
systems to provide information to travelers who are unfamiliar with the local areas. These services can
be provided at specific locations, en-route, or prior to departure.

Public Traveler/Mobility Services - Improves the efficiency of transit services and their accessibility to
residents. These services include better scheduling, improved dispatching, Smart Card readers and
payment, and computerized ride-sharing systems.

Emergency Services - Use satellites and advanced communications systems to automatically notify the
nearest police, fire, or rescue squad in case of collision or other emergency.

Fleet Operations and Management - Improves the efficiency of fleets of vehicles that operate in urban
areas, such as utility readers, package delivery services, mail carriers, law enforcement, etc.

CVO - Satellites, computers, and communications systems manage the movement and logistics of
commercial vehicles, and locate and track these vehicles during emergencies.
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Infrastructure Operations and Maintenance - Improve the ability of highway workers to maintain and
operate urban streets more efficiently. These services include severe weather information and immediate
detection and alerting the public to dangers such as the presence of work zone crews.

The NIA lists potential ITS market packages to go with these critical program areas. There currently are
63 market packages in the NIA. Table 1 lists specific market packages that are applicable to most urban
regions and may be applicable in the Fayetteville Region.

The following example illustrates the benefit of this categorization of market packages. The Regional ITS
Summit in the Fayetteville Region identified the issue of providing traveler information by using kiosks.
Various types of two-way communications devices were discussed. These transportation information
needs were translated into consolidated information that can be provided to the traveling public with two-
way capability. Affected ITS critical program areas would include Tourism and Traveler Information as
the major component. Within the Tourism and Traveler Information program area, for example, the
following market packages were determined to be applicable:

Broadcast traveler information
Interactive traveler information
Yellow pages and reservations
Autonomous route guidance
In-vehicle signing

Traffic information dissemination is another market package that is listed in the NIA as belonging in the
infrastructure operations and maintenance area, and this market package also is applicable.

By identifying these five as the primary market packages to meet the needs of metro area travelers, the
specific data and communication issues can be identified at an early step. The way that subsystems,
technology packages, and market packages fit together in a regional ATIS architecture is shown in
Figure 5.

The interactive traveler information market package exemplifies the market packages that are applicable
to urban regional ITS architectures. This market package provides tailored information in response to
traveler requests. Users can request and obtain current information on traffic conditions, traveler
services, and parking. A range of two-way, wide-area wireless, and wireline communications systems
may be used to support the required digital communications between traveler and the 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 plain old telephone (POT) service; traveler information kiosks in welcome centers,
truck stops, etc.; Personal Digital Assistant (PDA); home computers; and a variety of in-vehicle devices.

The successful deployment of this market package relies on the availability of real-time transportation
data from the Transportation Management System (TMS) or Transportation Regional Management
System (TRMS). This market package also requires an entity (or entities) to process and disseminate the
information - the information service provider (ISP). The ISP interfaces with the remote traveler support
subsystem and personal information access subsystem to receive individual travelers’ requests and
respond with information. Figure 6 shows the Interactive Traveler Information market package. Note that
the information flows to the vehicle are displayed with dotted lines. This interface will probably not be
available until the mid- or long-term timeframe (depending upon how quickly services become available
nationally).
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Table 1. Probable ITS Market Packages Based on Typical Needs in Urban Areas

Critical Program Areas

Specific ITS Market Packages

(Taken from the ITS National Program Plan and

National Architecture, as amended)

Traveler Safety and Security

Traveler Security
Intersection Safety Warning
Intersection Collision Avoidance

Tourism and Travel Information

Broadcast Traveler Information
Interactive Traveler Information
Y ellow Pages and Reservations
Autonomous Route Guidance
In-vehicle signing

Public Traveler/Mobility Services

Multimodal Traveler Information
Demand Response Transit Operations
Transit Passenger and Fare Management
Transit Security

Transit Maintenance

CvO

CVO Fleet Administration /Coordination
Freight Administration

Fleet Administration

Electronic Clearance

HAZMAT Management

Emergency Services

Emergency Response
Emergency Routing
MayDay Support

Infrastructure Operations and Maintenance

Incident Management

Traffic Information Dissemination

Probe Surveillance

Traffic Forecast and Demand Management
Advanced Railroad Grade Crossing

Road Weather Information System

Other

ITS Planning
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Figure 5. Relationship of Market Packages, Technology Packages, and Subsystems.

The user services and market packages are traceable directly to the architecture definition. Once a
market package is selected for implementation, the required subsystems, equipment packages, and
interface requirements may be identified. The benefit of this approach is that it allows the agency or
organization deploying the technology to first consider deployment options and later concentrate on those
pieces of the architecture necessary to support the selected deployment.
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Figure 6. Interactive Traveler Information Market Package

Regional Overview

The Fayetteville region is unique in that the metropolitan planning organization (FAMPO) is divided into
three ITS planning regions. These three regions include the Fayetteville Region, the Rural Coastal
Region and the 1-95 Corridor Region. FAMPO was divided in this way to group those parts of the
metropolitan planning organization (MPO) with unique characteristics with similar, adjacent regions.
Therefore, while the entire FAMPO region includes approximately 371,000 people, the Fayetteville ITS
Planning Region has a population of only approximately 225,000.

The Fayetteville Region encompasses parts of Cumberland and Harnett counties and includes the Cities
of Fayetteville, Spring Lake and Hope Mills, in addition to Fort Bragg. The major cities, roadways and
other key features of the Fayetteville Region are shown in Table 2.
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Table 2. Fayetteville Region General Information.

NCDOT
County Division | Population Major Cities Major Roads Military/Universities
Cumberland 6 143,000 Fayetteville I-95 Fayetteville State
(~50%) Fort Bragg US 13, US 301, US 401 Methodist College
Hope Mills NC 24, NC 53, NC 59, NC 82 Pope AFB
Spring Lake NC 87, NC 210, NC 217 Fort Bragg
Harnett 6 72,000 Buies Creek Campbell University
(~85%) Angier US 401, US 421
Lillington NC 24, NC 27, NC 42, NC 55
NC 87, NC 210

Overview of ITS in the Region

Although relatively new, there are many ITS deployments that are either fully functional, in construction,
or in the planning stages throughout the state. As part of the process, an inventory of all of these projects
was performed. Table 3 lists the deployed, planned and programmed ITS projects in the Fayetteville
Region.

The deployed, planned and programmed elements are shown schematically in Figure 7. This figure
shows the relationships between the elements and the various management centers, as well as the
current connections between the centers.

Regional Strategic Deployment Plan Process

Meetings

To prepare and plan for the Fayetteville Regional Summit, two consensus-building and planning meetings
were held. The first was held on October 27, 1999 and the second on November 8, 1999. The minutes
for these meetings are included in the Appendix. The consensus-building meeting provided an overview
of the entire project as well as the process for the regional and statewide plans. The meeting included a
discussion of project specific issues, including:

The perception of ITS in the Region
Comments on the proposed process

Identification of the stakeholders

The discussion helped to identify some of the key aspects of the project that needed to be carried forward
throughout the process. The planning meetings involved a more limited group of individuals than the
consensus-building meeting. This group met to identify specific ITS projects in the region as well as
numerous future needs that were carried over to the regional summit meetings, and provided the basis for
the remainder of the strategic plan.
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Table 3. Fayetteville Region Existing ITS Deployments.

LEGEND
Incident Management
= 2 Dynamic Message Signs on US401 Bypass (Skibo Road) Existing _
= 1 Dynamic Message Sign on 1-95 near milepost 57 Planned/Under Construction
= Incident management program for 1-95
Traffic Signal Control
Closed Loop Signal Systems City Signal Systems
Bragg Boulevard = Citywide computerized signal system

with 129 signals

= (TIP #U-3635) — citywide computerized
signal system with 205 signals and 13
CCTV cameras

= Feasibility study to expand ITS beyond
project U-3635 to include entire ETJ
(TIP #FS-9906F)

Transit Management
= Demand responsive scheduling package (dedicated funding)

Electronic Fare Payment
= Electronic fare boxes on all 20 fixed-route buses

Emergency Management

Enforcement

City of Fayetteville PD — 275 vehicles, 168
under computer-aided dispatch

Cumberland County Sheriff — 375 vehicles
with MDT, computer aided dispatch

Fire/Rescue

City of Fayetteville EMS

Cumberland County EMS — no computer
aided dispatching

Highway-Rail Intersections
Fayetteville — 19 signals with preemption capability in city

Regional Traveler Information
Fayetteville — portable Highway Advisory Radio station

Other Deployments

FAMPO is devel oping web page with bus routes, schedules and links to relevant websites

Fayetteville Regional Team Meeting #2 3/16/00





CUMBERLAND COUNTY

SHERIFF

DMS
NCDOT DIVISION 6 IGHWAY ADVISORY RADIO (HAR)
VEHICLE (CAD)

_—SIGNAL
IGHWAY-RAIL INTERSECTIONS

FAYETTEVILLE AREA
SYSTEM OF TRANSIT
(FAST)

CITY OF FAYETTEVILLE PD
VEHICLES (CAD)

FIGURE 7 SCHEMATIC REPRESENTATION OF FAYETTEVILLE REGION ITS ELEMENTS < — A s






Fayetteville Regional ITS Deployment Plan

Summit

Following the initial planning and consensus-building meetings, a regional summit meeting was held on
December 15, 1999.

The summit gave people from many backgrounds, along with transportation-related professionals, the
opportunity both to learn more about ITS and to provide input on the specific needs that can be met using
ITS products and technologies. Attendees included mayors, city and state traffic engineers, emergency
services, schools, and major employers. Members of the news media also were invited. The minutes
from this meeting are provided in the Appendix.

Regional Team Meetings

The regional team meetings involved the same transportation professionals as the planning meeting.
This team met twice during the course of the project. The first time (February 17, 2000) was to discuss
the results of the summit and the architecture process. The second (March 16, 2000) was to review and
comment on the regional deployment plan, and rank the potential projects.

Identification of Transportation Needs
or Issues

As a result of the meetings, summits, and breakout groups, four key program areas for the Fayetteville
Region were identified:

Safety improvements
Congestion/mobility/traffic management
Advanced traveler information
Interagency data exchange

The key transportation issues were identified based on the discussions of the various groups and
the input from the regional teams. Twenty-nine specific issues in total identified in the
transportation summits. Of the 29 needs, the following eight groupings or sub-categories were
identified as follows:

Traveler Information

- Lack of real time traffic information
Lack of traveler information — about incidents while driving
Highway Advisory Radio (HAR) is not as effective as it could/should be
Lack of traveler information — Via Message Signs
Lack of route guidance for getting around incidents
Special Event Traffic Management
Desire for in-vehicle traffic information
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Lack of traveler information — At rest areas and welcome centers
Local Streets being used for route diversion

Lack of traveler information — Via Cellular Phone

Lack of pre-trip traveler information

Lack of recreational information for rural communities

Truckers should have access to traffic information

CVO
Truckers should have access to traffic information
Trucks can bypass scales by driving through Fayetteville
The volume of military vehicles as well as their unusual shapes and sizes have a significant
impact on traffic
Truck sizes are not legal
Safety

Need effective safety devices for work zones
Emergency Vehicle preemption
The medical community needs video access for their internal uses

Freeway Management
Lack of route guidance for getting around incidents
Special Event Traffic Management
Needs to provide a real time savings for transit patrons — Fixed Route, Freeways and Surface
Streets

Traffic S|gnal Control
Emergency Vehicle preemption
Lack of route guidance for getting around incidents
Special Event Traffic Management
Increased Congestion in Small Towns
Needs to provide a real time savings for transit patrons — Signal Delay
Local Streets being used for route diversion

Transit
Needs to provide a real time savings for transit patrons — Signal Delay
Needs to provide a real time savings for transit patrons — Fixed Route, Freeways and Surface
Streets
Lack of readily available transit information to increase ridership
Lack of detailed information regarding paratransit bus location
Lack of transit information regarding bus location and arrival times
Lack of efficient paratransit scheduling method
Operatlons and Maintenance
Identified need for additional operations and maintenance resources- -personnel

Inter-Jurisdictional Coordination
There is a need for increased interagency communications
Lack of coordination amongst local agencies for maintenance

Some of these needs fit in multiple categories and are shown as such.
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Several needs that were not identified in the Fayetteville Regional summit were identified in one or more
of the previous urban regional meetings. Some of these needs, and some identified in the urban
summits, have been identified as linkages to statewide or “extra-regional” needs.

This information was grouped into market packages to develop a regional ITS architecture. This process
is described in detail later in this report.

Regional Strategic Plan

The basic premise for this ITS Strategic Deployment Plan is to identify the transportation problems and
needs in North Carolina and to select ITS technologies that can be used to address these needs. The ITS
technology selection process begins with identifying appropriate ITS user services. User services
represent functions performed by ITS technologies and organizations for the direct benefit of the traveling
public.

The National ITS program plan defines the term users as: "a wide range of individuals and organizations
including drivers, travelers, service providers, and transportation policy makers." The NIA currently
defines 31 user services. In addition the USDOT has developed the Advanced Rural Transportation
System (ARTS) program to respond to more rural ITS needs. The ARTS program has identified an
additional six users services for rural areas that are in the process of being approved for inclusion in the
NIA. Table 4 lists all 37 user services listed in the NIA and ARTS, and also provides a brief definition of
each.
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Table 4. ITS User Services. (*ARTS User Service.)

Provides information for selecting the best transportation mode, departure

1 | Pre-Trip Travel Information time, and route.
2 | En-Route Driver Information Provides advisories and in-vehicle signing for convenience and safety.
3 | Route Guidance Provides travelers with instructions on how to reach their destinations.
4 | Ride Matching and Reservation Makes ride sharing easier and more convenient.
5 | Traveler Services Information Provides a business directory, or "yellow pages," of service information.
6 | Traffic Control Manages the movement of traffic on streets and highways.
7 | Incident Management Helps quickly identify incidents and implement a response.
8 | Demand Management and Operations Supports policies to mitigate the environmental/social impacts of traffic.
9 | Emissions Testing and Mitigation Provides information for monitoring air quality.
10 | Highway Rail Intersection Provides improvements to automated crossing control systems.
11 | Public Transportation Management Automates operations, planning, and management of public transit.
12 | En-Route Transit Information Provides information on public transportation after the trips begins.
13 | Personalized Public Transit Provides flexibly routed transit to offer more convenient service.
14 | Public Travel Security Creates a secure environment for transportation patrons and operators.
15 | Electronic Payment Services Allows travelers to pay for transportation services electronically.
16 | CVO Electronic Clearance Facilitates domestic and international border clearance.
17 | Automated Roadside Safety Inspection Facilitates roadside inspections.
18 | On-Board Safety Monitoring Senses the safety status of a commercial vehicle, cargo, and driver.
19 [ CVO Administrative Processes Provides electronic purchasing of credentials, etc.
20 | Hazardous Material Incident Response Provides immediate description of hazardous materials.
21 | Commercial Fleet Management Provides communication between drivers, dispatchers, and providers.
22 Emergency Notification and Personal Proyides immediate notification of an incident and immediate request for
Security assistance.
23 | Emergency Vehicle Management Reduces incident response time for emergency vehicles.
24 | LongtuanalCotison svoance | U reverREaon e o Backing ot between vehies
25 | Lateral Collision Avoidance Helps prevent collisions when vehicles leave their lane of travel.
26 | Intersection Collision Avoidance Helps prevent collisions at intersections.
27 | Vision Enhancement for Crash Avoidance lﬂrInop;rg\t/r(?(se ?gzéjvc;;rs ability to see the roadway and objects that are on or
28 | Safety Readiness Provides warnings about the condition of the driver, vehicle, and roadway.
Anticipates an imminent collision and activates passenger safety systems
29 | Pre-Crash Restraint Deployment before the collision occurs, or much earlier in the crash event than is
currently feasible.
30 | Automated Vehicle Operation Provides a fully automated hands-off operating environment.
31 | Archived Data User Service Provides for automated historic data archiving and sharing.
33* | Road Maintenance and Management The efficient maintenance and rapid repair of roads.
34+ | Seasonal Harvesting :)’:10% Egggorl]l.nanon of intermodal transportation resources and agricultural
35+ Epoqqmic Development (Business The improyement of transportation efficiency, the reduction of adverse
Viability) transportation impacts.
a6 | Econome Development (Toursm) | | e doeeminaton of e batn 1t pometes compathle eyt o
37 | ITS Planning and Marketing Data The collection and processing of information derived from the operation

and evaluation of ITS.
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Regional Plan Development Methodology

The objective of this task was to determine, based on stakeholder input, which of the 37 ITS user services
need to be implemented in the Fayetteville Region and how to phase their implementation (i.e., in the
short- or long-term timeframes). Since delivering a user service takes more than just one piece of
equipment, the ITS architecture groups equipment into market packages.

While user services help us define what is needed, their corresponding market packages describe how to
provide those services. Each market package consists of a group of elements (equipment packages) that
work together to deliver a particular user service. To identify the specific technology groups that will be
needed to provide the selected user services, market packages corresponding to each selected user
service were identified in this task.

The activities of this task were divided into three steps aimed at producing a well-defined, integrated user
service plan, as follows:

Identification and prioritization of applicable user services based on previously identified
transportation needs of the region and development of user services deployment timeframes
Development of specific user objectives and performance criteria

Selection of market packages

The following section describes the above steps in more detail. The remainder of this section of the
report provides a complete description of each activity associated with these steps.

The first step in this task focused on identifying the user services appropriate for North Carolina based on
previously identified regional needs. First, the original statements of problems and concerns gathered
through stakeholder meetings in each of the summits were assembled into a comprehensive list. Next,
this list of original, raw statements was reduced and refined through grouping of similar statements into
concise need statements. This step also eliminated those problem statements not directly related to
transportation issues that could be related to ITS. Lastly, these needs were placed in a separate
category of non-ITS related needs. Lastly these concise need statements were matched with appropriate
ITS user services.

The Fayetteville Region’s transportation-related needs, identified in the previous section, were matched,
or mapped, with the 31 applicable NIA ITS user services, resulting in a preliminary set of user services to
be deployed specifically in the Fayetteville Region. Several overlapping needs that were identified in the
other urban regions (Triad, Triangle and Metrolina) were carried over to the Fayetteville Region.

These user services were prioritized based on the relative ranking of each related need. The regional
team provided the needs ranking, in terms of importance, during regional team meetings. Based on the
priority ranking of each user service and using the common objectives and overlapping functionality of the
user services, preliminary short- and long-term deployment timeframes for groups of user services were
identified.

In the next step, system objectives were defined for each identified user service. A system objective
identifies the improvements in the system that can be expected to occur as a result of a successful
implementation of a user service. To judge the degree of success of the implementation of the user
services, including the effectiveness of the deployed service or technology in solving the original problem,
a set of performance criteria was developed.
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Finally, to begin defining the physical ITS architecture for each region and for the state, market packages
corresponding to the selected user services were identified. The 63 currently defined ITS market
packages are an important building block of the statewide ITS architecture definition process and
represent specific portions of the architecture that may be required to satisfy the needs identified by North
Carolina stakeholders. Market Packages and their definitions from the NIA are identified in Table A-2 in
the Appendix.

Input Mapping to User Services

The transportation needs for the Fayetteville region, as discussed in the previous section, were mapped
to the user services categories in the NIA. The user services mapping is shown in Table 5.

Ranking of Identified Needs

The prioritization of user services was based on the relative ranking of each of the 29 needs identified by
the stakeholders. The Fayetteville’s transportation stakeholders, ranked the needs during the first
regional team meeting.

The assignment of the need rankings (shown in Table 6) to the matched user services was accomplished
by summing the point scores of all the needs corresponding to each matched user service as shown in
Table 5. Table 6 shows the ranking of these needs by stakeholders involved in the ITS Project from the
Fayetteville Region.

The score for each user service was expressed as a percentage of the total score (equal to the sum of
scores for all user services), and plotted on a bar chart. Figure 8 shows the resulting ranking of the user
services receiving points. (The details of this methodology are provided in the Appendix).

The user services in Figure 8, were identified as the most likely to achieve strategic planning success in
the Fayetteville Region. This selection was not intended to exclude other user services as needed in
specific areas. The list of user services does, however, represent recommendations of regional services
on which the remainder of this strategic plan was based.
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Table 5. Matching User Needs to User Services

User Services

Public Transportation Electronic Emergency Information
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1]Lack of pre-trip traveler information information
X X X Free traffic conditions data access for value-added private
2|Lack of traveler information - Via Cellular Phone partners for digital broadcasts (SmartRoutes, ETAK, etc.
Highway Advisory Radio is not as effective as it < | x M X
ould/should be License, high power HAR stations
X X X  Transit kiosks. Web-based transit information access. Bus
Lack of real time traffic information stop transit schedule displays.
Regional traffic control system (freeway management system
X with system detection, video monitoring, incident detection,
ramp metering). Synchronization of ramp meter signals with
5|Increased Congestion in Small Towns adjacent traffic signals.
(Add Operations and Maintenance (O&M) staff, provide long-
Identified need for additional operations and maintenance X X term opportunities for O&M staff, or look to outsource O&M
services.
Lack of transit information regarding bus location and M State of the art transit dispatching center. Bus priority system
i (signals). AVL for buses.
Need to provide a real time savings for transit patrons - X X X Transit-center-to-transit-center real-time electronic data
8|Fixed Route, Freeways, and Surface Streets sharing for bus routing and schedule coordination.
Various ITS technologies for smaller transit collector services
X (private and public). Real-time communications between
Lack of detailed information regarding paratransit bus transit and centers for d route
9|location and schedule coordination.
Develop a regional Operations and Maintenance (O&M) plan,
Lack of coordination amongst local agencies for X X both cost and staffing, or look to outsource O&M services as
10[maintenance a region.
Thstall trall blazer signs along the Key cormdors 1o direct rafic
[ 11[Local Streets being used for route diversion X X X along pre-approved alternate routes.
X X X Automated CV clearance at highway speeds at POEs using
[ 12[Truck sizes are not legal PrePass-like technologies.
X X X In-vehicle driver monitoring systems with wireless
[ 13[Trucks can bypass scales by driving through Fayetteville communications to dispatching center.
X X Smart Card transit fare payment with single payment for
14|Lack of traveler information - about incidents while driving multiple transfers and transit mode changes.
X X Variable Message Signs on freeways and arterials with
15|Lack of traveler information - Via Message Signs frequent and accurate message updates.
The volume of military vehicles as well as their unusual
16|shapes and sizes have a significant imj on traffic X X Demand responsive transit scheduling systems.
Portable DMS ahead of freeway construction sites. Inclusion
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traveler information access, with frequent updates, through
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Lack of readily available transit information to increase X X
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Localized traffic signal coordination and video surveillance
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19|Special Event Traffic Management X of ramp meter signals with adjacent traffic signals.
20|Emergency Vehicle Preemption X X ignal pre-emption for emergency vehicles.
High-bandwidth fiber optic communications lines between
21|There is a need for increased interagency communication X X traffic controlitraffic management centers.
The medical community needs video access for their Partner with cell phone service providers to develop a region
22|internal uses X X wide emergency service wireless network.
23|Lack of an efficient paratransit scheduling method X AVL/AVI for buses
24|Lack of route guidance for getting around incidents X Automatic Vehicle Location system for buses.
Need to provide a real time savings for transit patrons - Signal system software and hardware upgrades to
X X accommodate bus priority processing.
X X X [VRAS - Voice Remote Access System to traveler information
26|Desire for in-vehicle traffic information with touch button route and milepost selection.
Traveler information kiosks located at high-pedestrian traffic
areas (office buildings, banks, stores, hotels, restaurants,
X visitor centers, chambers of commerce, etc.) Hardware,
software, and partnership agreements with media for traveler
27|Lack of recreational information for rural communities information delivery.
Traveler information kiosks located at high-pedestrian traffic
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Lack of traveler information - At rest areas and welcome software, and partnership agreements with media for traveler
28|centers X X X X information delivery.
Protocols, agreements, communications hardware and
software for real-time information exchange between CVO and
29| Truckers should have access to traffic information X X X law enforcement.
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ITS User Services
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Pre-crash Restraint Deployment
Vision Enhancement For Crash Avoidance

Lateral Collision Avoidance

Pre-trip Travel Information
Route Guidance
Commercial Fleet Management

Traveler Services Information

Personalized Public Transit

Incident Management
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Relative Score (as % of total)

Figure 8. User Services Ranking (based on relative importance of associated needs)
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Selection of Market Packages

The NIA defines the purpose of market packages addressing specific services that might be required by
traffic managers, transit operators, travelers, and other ITS stakeholders. The market packages are
tightly coupled with the architecture definition and represent the building blocks that can be deployed over
time to efficiently achieve high-end ITS services. Several different market packages are defined for each
major application area, which provides a palette of services at varying cost.

Market packages also are identified to segregate services that are likely to encounter technical or non-
technical challenges from lower risk services. For example, driver warning and vehicle control systems
are defined as separate market packages due to the increased technical and non-technical risks
associated with systems that dilute the driver’s direct control of the vehicle. This approach yields market
packages that may be deployed early with low risk. Many of the market packages are incremental so that
more advanced packages can be efficiently implemented based on earlier deployment of more basic
packages. In short, market packages represent ITS services and implementation options that may be
considered by system implementers.

The selection of appropriate market packages is an important step in the ITS strategic planning process.
Historically, market packages were introduced in the planning process, after user services that, along with
functional requirements, were the last steps in the process before architecture definition. The ITS
deployment guidelines have evolved to include additional steps and alternative paths for urban, regional,
or Statewide ITS strategic plan developments.

The objective of this task was to identify a set of candidate market packages for potential deployment in
the Fayetteville Region of North Carolina. The NIA provides a matrix connecting the 37 user services and
the 63 market packages. This matrix allows market packages and user services to be tracked to identify
specific projects and their coverage of elements in the NIA.

Table 7 illustrates the matching of the user services previously identified to the market packages. The
selected market packages corresponding to the transportation needs identified by the stakeholders are
indicated with a “YES”. Linkages that exist, but are not applicable to the identified Fayetteville Region
stakeholder needs are indicated with a “NO”.

Note that 26 of the possible 63 market packages were identified as potentially deployable in the
Fayetteville Region. This is due to the fact that deployment of several of the identified user services will
require portions of numerous market packages. For example, the user service traffic control is matched
with 11 market packages; similarly, the economic development user services are related to over 28
market packages. While this selection may at first sight appear too broad and indiscriminate, one must
keep in mind that these market packages represent sets of specific technology applications, called
equipment packages, which need not all be implemented to deploy a given user service.
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Table 7. Matching Market Packages Mapped to User Services Relationships

User Services
Public Transportation Electronic Emergency Information
FAYETTEVILLE Travel And Traffic Management Management Payment Commercial Vehicle Operations Managemen Advanced Vehicle Safety Systems Management | Other
11 1.2 1.3 14 15 16 |17 18 19 |1.10f 2.1 2.2 23 2.4 3.1 4.1 4.2 43 [ 44 45 [ 46 5.1 5.2 6.1 [6.2] 6.3 64 | 65| 6.6 | 6.7 7.1 8.1
[}
c = 2 c

s |5 2 2 £z § s |z | g 2 8 £
£ - £ 15 | = | 8|8 < 5 5 3 5
£l 5 £ sl €012 |sls |15 2 ||s |2 |3 8|2 g le |8 |8l5 |2 | | |S] ¢
S 2 e - £ g | o o |'= 5 5 3 5 e} 3 = |ocg|g = S S 2 I |B g £ o £
£ = g 8 5 = | g s |8 = 5 2 2 = ° = @ £2| 2 = 2 Eo| 3|3 S 2
= 5 g |2 8 _ 5| - | % 215 5 H 3 £ & 3 2 |§2| 8 k] ££| ¢ S s |35 8| 8|S 2 [
T | $| g |2 sl |lgl 518 [Sls=| 5|3 | = R > & 0222 (=2 |2=]C [2]|¢ |cs|s|8.|¢ g
g = g |E5| & g2 l&8| E |% s lgs| & g ¢ o 3 S |sF ssfl>8|>a]s = |s SS| B |xe s
£ o g |SE| » 5 = ] S 1s = N ] o s9|8sg 58| %9 [l ) cg| B3|yl § s | B o
Cle| 3|88l 5| 8|28 |58|5]|c| || f 2 Seles| ¢ |sg|sé|ssss|5a)se|C|se|az||GE| S 3
12| e|2s| 23| e|&8]| 3|28 2]eR| 3|5 | ¢ g ES|ES| S |ES|2g|leEglos| e 2S| (eS| | 2|58 € 2 .
s 2| s |egd| s |5 |58 |22|5]s8| 2|8z i SE|28| 2 55|80 s 25|25 ce 2|2z 8|5 ]ez8] S g £

Market Packages P I -2 I I = - = I - - I I m golzel s |8zl felo=Nadlidoz| S lezlsc|Fladl 3 2 3

adl ITS Data Mart NO

ad2 ITS Data Warehouse NO

ad3 ITS Virtual Data Warehouse NO

apts1 Transit Vehicle Tracking YES | YES | YES | NO

apts2 Transit Fixed-Route Operations YES | YES

apts3 Demand Response Transit Operations YES | YES | YES

apts4 Transit Passenger and Fare Management NO NO

apts5 Transit Security NO NO

apts6 Transit Maintenance NO

apts7 Multi-modal Coordination YES NO YES

apts8 Transit Traveler Information YES | YES

atis1 Broadcast Traveler Information YES [ YES YES

atis2 Interactive Traveler Information YES [ YES NO | YES NO | YES NO

atis3 Autonomous Route Guidance NO | NO

atis4 Dynamic Route Guidance YES | YES YES YES YES

atis5 ISP Based Route Guidance YES [ NO | NO NO

atisé Integrated Transportation Management/Route Guidance YES | YES NO

atis7 Yellow Pages and Reservation YES | NO NO | YES NO NO

atis8 Dynamic Ridesharing NO | NO | NO [ NO NO NO | NO NO

atis9 In Vehicle Signing YES NO NO

atms01 Network Surveillance YES

atms02 Probe Surveillance YES

atms03 Surface Street Control YES |YES NO

atms04 Freeway Control NO [YES| NO

atms05 HOV Lane Management NO NO

atms06 Traffic Information Dissemination YES NO

atms07 Regional Traffic Control YES

atms08 Incident Management System YES

atms09 Traffic Forecast and Demand Management YES NO

atms10 Electronic Toll Collection NO

atms1l Emissions Monitoring and Management NO

atms12 Virtual TMC and Smart Probe Data NO NO | NO

atms13 Standard Railroad Grade Crossing NO

atms14 Advanced Railroad Grade Crossing NO

atms15 Railroad Operations Coordination NO

atms16 Parking Facility Management NO

atms17 Reversible Lane Management

atms18 Road Weather Information System NO NO | NO

atms19 Regional Parking Management NO

avss01 Vehicle Safety Monitoring NO | NO

avss02 Driver Safety Monitoring NO

avss03 Longitudinal Safety Warning NO NO

avss04 Lateral Safety Warning NO NO

avss05 Intersection Safety Warning NO NO NO

avss06 Pre-Crash Restraint Deployment NO | NO

avss07 Driver Visibility Improvement NO

avss08 Advanced Vehicle Longitudinal Control NO

avss09 Advanced Vehicle Lateral Control NO

avss10 Intersection Collision Avoidance NO NO

avss1l Automated Highway System NO

cvo0l Fleet Administration NO YES

cvo02 Freight Administration NO

cvo03 Electronic Clearance NO NO

cvo04 CV Administrative Processes NO NO

cvo05 International Border Electronic Clearance NO NO

cvo06 Weigh-In-Motion YES

cvo07 Roadside CVO Safety YES

cvo08 On-board CVO Safety NO

cvo09 CVO Fleet Maintenance NO YES

cvol0 HAZMAT Management NO NO | NO

eml Emergency Response NO [ YES

em2 Emergency Routing NO YES

em3 Mayday Support NO [ NO
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Fayetteville Region ITS Architecture

The ITS architecture is a framework that describes what a system does and how it does it. The
architecture identifies the functions to be performed by the system, allocates these functions to
subsystems, and defines the flows of information and the interfaces between the subsystems and
components. This chapter describes the process of developing the Fayetteville region architecture.

The national ITS Plan originally defined a series of short-, medium- and long-term deployment timeframes
for ITS. A number of years have passed since this timeframe was developed, and the initial goal was to
match schedules with the reauthorization of ISTEA. This schedule reflected FHWA's desire to implement,
as quickly as possible, visible and effective ITS projects that would stimulate public support for additional
funding for future deployment programs.

For the purposes of this regional ITS plan, and taking into account that the ISTEA reauthorization
occurred when TEA-21 was passed in 1998, the deployment timeframes for a regional implementation of
selected user services are based on anticipated funding, need, and lead-time for the typical planning,
design, and implementation schedules for transportation projects.

The following deployment timeframes have been identified for the Fayetteville Regional ITS Plan,
consistent with the other regional plans in North Carolina:

Short-Term through fiscal year 2006
Long-Term 2006 through fiscal year 2010

General Description of ITS Architecture

The ITS architecture is comprised of two technical layers: a transportation layer and a communications
layer. The transportation layer involves the various transportation-related processing centers, distributed
roadside equipment, vehicle equipment, and other equipment used by the traveler to access ITS services.
The communications layer provides for the transfer of information between the transportation layer
elements. The transportation and communication layers together form the architecture framework that
coordinates overall system operation by defining interfaces between equipment that may be deployed by
different procuring and operating sectors.

The transportation layer involves 19 interconnected subsystems as shown in Figure 9. A complete
description of each subsystem, along with its architecture diagram, is provided in the national architecture
documents.

In general, the communication layer consists of two components: one wireless and one wireline. The
transportation layer is supported by one or both of these components. The wireline portion of the network
can be manifested in many different ways, and most of them are implementation dependent.

A simplified view of the communications interface is provided in the Very Top Level Architecture
Interconnect Diagram in Figure 9.
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Figure 9. Top Level Architecture Interconnect Diagram.

Another element of the architecture is the Institutional layer, which documents the policies, funding
incentives, working arrangements, and jurisdictional structure that supports the transportation and
communication layers of the architecture. The institutional layer describes who has responsibility for
deployment of the specific market packages and individual ITS projects and programs. It also identifies
opportunities for public-public and public-private partnerships that would be necessary for successful
deployment and/or operations and maintenance.

Recommended ITS Physical Architecture

The regional team facilitated market package selection. Each member of the regional team was given an
opportunity to identify candidate technologies, projects and concepts to meet the transportation needs
identified. Based on this input, market packages for the user services selected were identified by the
regional team, as well as the priority in terms of short- and long-term projects. The resulting market
package deployment within each of the applicable user services is summarized in Table 8.

S — Short-Term Project/Market Package
L — Long-Term Project/Market Package
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Table 8. Market Package Deployment, by Timeframe
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atis2 Interactive Traveler Information S L S L
atis4 Dynamic Route Guidance S S S S L
atisS ISP Based Route Guidance S
atis6 Integrated Transportation Management/Route Guidance S S
atis7 Yellow Pages and Reservation L L
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atms03 Surface Street Control S S
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atms09 Traffic Forecast and Demand Management L
cvo01 Fleet Administration S
cvo06 Weigh-In-Motion S
cvoQ7 Roadside CVO Safety S
cvo09 CVO Fleet Maintenance S
em1 Emergency Response S
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Recommended Projects and Technologies

This section presents a summary of the technology recommendations in support of the short and long-
term deployment of ITS in the Fayetteville Region of North Carolina. These are the same deployment
horizons used elsewhere in this report. The following list summarizes these technologies:

Short-Term (2000 - 2006) Technologies

IMAP Vehicle

Signal Preemption for Emergency Vehicles
Automatic Vehicle Location (AVL) for Transit
HAR

Website

agrwNE

Long-Term (2006 - 2011) Technologies

Traffic Signal System
Reversible Lanes
Transit Priority

DMS

Kiosks

ATIS Enhancements

ogkrwnE

Technologies Especially Applicable to Urban Areas

Traveler Information Kiosks — Kiosks provide users with free access at rest areas, welcome centers,
etc. to a wide range of information available from state transportation agencies, tourist destinations and
organizations, local governments, and downloaded information from the Web. In addition, users can
check their e-mail, surf the Web, or use a search engine for a charge. Three types of kiosks have been
developed for these applications: sit-down, stand-up, or stand-alone countertop unit. Some of these units
are designed to supplement traveler counselors available at most state welcome centers (Source:
Arizona DOT).

World Wide Web — The Web provides access to a universe of information, some of which (weather, road
closures, etc.) can be downloaded from other sites. Applications are for users prior to departure,
although en-route information can be provided at kiosks in welcome centers.

In-vehicle Automatic Vehicle Location (AVL) System — Integrated units featuring a global positioning
satellites (GPS) receiver, cellular digital packet data (CDPD) modem, processor, keypad, display and
sensor interface are available. Some units are designed to interface to vehicle sensors and controls such
as road temperature, material spreaders via standard RS-232/RS-485 interface, and can detect plow or
sweeper up/down status. Functions include operator log-on, vehicle position and transmitting, emergency
alarms, two-way messaging, and sensor data collection and storage. (Source: Orbital Sciences Corp.,
Germantown, Maryland.)

Vehicle Tracking and Information System Software - These systems are integrated with the in-vehicle

device referenced above, and include the mapping, messaging, reporting, playback and vehicle
information functions. Reporting takes place through an open database connectivity (ODBC) compliant
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database, and information includes such data as total operating miles, deadhead miles, material spread
(maintenance vehicles), road temperatures, etc. (Source: Orbital Sciences Corp., Germantown,
Maryland.)

Traffic Sensing System — Magneto-inductive sensors are installed in the pavement and transduce small
magnetic charges into inductive charges. These charges permit data collection for monitoring traffic.
These systems consist of sensors, sensing electronics, cabling, and installation components. They
support traffic data collection and storage to monitor speed, number of vehicles by classification, lane
occupancy, and vehicle length. (Source: 3M Safety and Security Systems Division.)

Surveillance and Delay Advisory System (SDAS) - The SDAS consists of three data collection
technologies: WIM, video-based sensing, and spot speed measurements. The system gathers data from
a construction zone (the area around a special venue such as a tourist destination), computes travel
times and delays through the zone of interest, and transmits delay messages to motorists traveling
through the zone. (Source: Office of Safety Research and Development, FHWA, McLean, Virginia.)

DMS - Special attention for use of DMS in urban areas include traffic congestion advisories, tourist
information, and various events - such as duration, size, and severity.

Description of Strategic Plan Projects

This Fayetteville Regional ITS Strategic Plan has identified the needs of the Fayetteville Region’s
transportation stakeholders, and has matched them, where possible, to one or more ITS market
packages, each representing an ITS solution. Of the 63 market packages currently defined in the NIA, 47
were identified as suitable for deployment in the region. By identifying the desired implementation
horizon for each of the 47 selected market packages, technology deployment phasing was developed.
The recommended ITS solutions were once again cross-checked against the identified user needs,
resulting in a more complete set of recommendations.

This section lists the technologies that should be deployed to achieve the desired functionality of each
selected market package. The project title, description, and estimated cost of each deployment is listed.
In addition, the schematic diagram of the existing, planned and programmed ITS deployments in the
region (Figure 7) has been modified to show the proposed short and long-term deployments. This
modified schematic is shown in Figure 10.
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Short-Term Projects

The following projects are recommended for short-term deployment in the Fayetteville Region. The
projects are grouped according to systems. All cost are assuming year 2001 dollars.

Freeway/Incident/Event Management

Incident Management Plan. NCDOT and the interagency team in the Fayetteville Region will develop a
regional incident management plan. The purpose of this plan is to prepare a predefined set of responses
to major incidents that is agreed upon by all of the agencies in the region. Since this plan is being
developed in-house by NCDOT, there is no associated long-term cost.

IMAP in Fayetteville. The IMAP program has been very successful throughout the state of North
Carolina in the regions where it has been established. This program will be expanded into the
Fayetteville Region by providing one new vehicle and driver. This project is anticipated to cost $200,000
for the initial capital investment, with on-going costs of approximately $150,000 per year for operations
and maintenance.

Traffic Control

Emergency Vehicle Preemption. One of the issues identified through the stakeholders involvement
process is the need to improve the response time for emergency vehicles to both reach the scene of an
incident as well as to return to the hospital or emergency room. The local agencies have already installed
3M Opticom® equipment in the area, and all new emergency vehicle preemption equipment will be the
same. Emergency vehicle preemption equipment will be installed along Owen Drive, Raeford Road,
Ramsey Street (US 401)and Skibo Road. The anticipated cost for this deployment is $200,000.

Emergency vehicle preemption is needed throughout the region and for multiple emergency service
providers. The typical cost to install Opticom® equipment at a four-leg intersection is approximately
$7,000. The typical cost of a transmitter is approximately $2,000. A regional emergency vehicle
preemption budget of $500,000 is recommended in addition to that needed for the four corridors
previously mentioned.

Transit

Bus AVL System. The buses in the region will be outfitted with AVL systems to permit tracking and
enhanced data collection. In addition, an automatic vehicle identification (AVI) system will be
implemented to work with the AVL for a more comprehensive tracking and scheduling system. Finally,
these two systems will be tied into on-bus systems that permit automatic passenger counters. The
anticipated cost to outfit the buses with this system and provide central software in the Fayetteville
Region is $500,000.
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Traveler Information

Additional HAR Sites. NCDOT will expand the existing HAR system by adding five additional HAR sites.
These sites will permit a focused response to traffic incidents and issues by alerting motorists to their
existence and detailing the appropriate response. These five additional HAR’s are estimated to cost a
total of $120,000.

Regional Traveler/Transportation Website. NCDOT will develop a website of series of pages at an
existing website to provide static travel information. This information may include transit schedules, fares
and routes, published road closures, traffic policies, major generator and special event information,
rideshare matching information and links to FAMPO, other city and NCDOT websites. This project is
anticipated to cost $50,000 beyond the development costs being borne internally by NCDOT for various
ITS web development projects.

Traveler Information System. A clearinghouse will be established to store real-time data for traveler
information. This system will include data from system detectors, intersections, detector stations, posted
incident reports, IMAP incident reports, and real time bus schedule information. This information will also
be accessible from a central location, whether it is stored locally or remotely. The development of this
clearinghouse will be used in kiosks and websites, with the development geared for long-term projects,
such as a voice activated telephone system. The anticipated cost to develop this clearinghouse is
$100,000.

Web-Based Roadway Information. As mentioned previously, NCDOT is in the process of developing a
web-based real-time regional roadway information system to inform motorists of short-term and long-term
road closures. This project will all be done internally to NCDOT, so all of the costs are internal to
NCDOT.

CVvO

Commercial Vehicle Information Systems and Networks (CVISN). CVISN is the use of ITS
information system elements, which support CVO. This includes a network of information systems owned
and operated by governments, carriers and other stakeholders. The goal of the CVISN process is to use
information technologies and networks to transfer credentials concerning commercial vehicles to reduce
the time and energy costs typically associated with this process. NCDOT has been very actively working
to implement CVISN statewide. This includes enforcement and electronic credentials. Some of the
projects that are currently underway within the CVISN and ITS/CVO programs include:

Web Credentials. NCDOT is preparing electronic credentials on the web for commercial vehicle
operators. Part of the site is already operational, however the electronic credentials is still under
development. This project is being done internally to NCDOT so there are no development costs.

Truck Presence Detection. NCDOT is presently implementing an automated system in the Charlotte
area to identify trucks on alternate routes that are using those alternate routes to bypass weigh and
inspection stations.

Mobile Inspection. NCDOT and the Department of Revenue are deploying a fleet of vehicles that can
check credentials and perform truck inspections remotely throughout the Charlotte area. This fleet, called
Wolf Packs, will be used to identify non-compliant trucks and trucks that are using alternate routes to
avoid weigh and inspection stations.
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WIM Sites. NCDOT will implement WIM sites throughout the region to verify truck weights. This will
begin with a demonstration project to determine the effectiveness of these sites in catching cheaters.
This demonstration project will cost approximately $200,000.

Safety

Automated Work Zones. NCDOT is purchasing equipment that provides worker safety in work zones.
This equipment consists of standard off-the-shelf packages that include portable speed and classification
detection, speed warning signs, communication (via cellular telephone or radio) to alert police of speeders
in a work zone, and, possibly, automatic enforcement measures.

Other Projects

Geographic Information System (GIS) and CAD Integration. Each agency within the region has a
(GIS) installed that is used for a combination of purposes, including emergency management, traffic
management and computer aided dispatching (CAD). These systems each use slightly different software
packages and are configured differently. By integrating all of these into one region-wide system,
emergency vehicle dispatch, transit management, emergency and traffic management, and other GIS-
based applications can be integrated into one seamless system to reduce response times and improve
safety and efficiency. The cost of integrating these systems is estimated at $175,000.

By integrating these systems, a central database will need to be developed to house all of the
information. Permanent connections will be required from each of the agencies to the central agencies.
It is recommended that either FAMPO or the City of Fayetteville house the information, with the
development of a wide area network surrounding the system to permit the Counties, Spring Lake and
Hope Mills and others to access this information. The cost to develop and deploy this regional system is
approximately $200,000.

Long-Term Projects

Traffic Control

Reversible Lanes on Owen Drive Extension. The Cumberland County Crown Coliseum in the
southeast portion of town is currently accessed primarily by Owen Drive. To provide capacity for
motorists on Owen Drive during events at the Cumberland County Crown Coliseum, a reversible lane
system will be deployed, similar to that in Charlotte for the Charlotte Stadium. The first phase of this
project will be a feasibility study to determine the impacts of this change to Owen Drive. This study is
anticipated to cost $100,000. The cost to implement this system will be developed as part of that study.

Deploy Traffic Adaptive Signal Systems. The primary corridors in Fayetteville are not being
adequately served by the existing coordinated, time-based signal systems. These systems will be
upgraded to more effective traffic adaptive systems. These corridors are Skibo Road, Morganton Road,
Raeford Road, Ramsey Street (US 401 North) and Bragg Boulevard. The cost to implement traffic
adaptive signal systems along all of these corridors is anticipated to be $1,600,000.
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Transit

Signal Priority for Transit. There is an important need to provide a time savings for transit passengers
along key transit corridors and through the CBD. A transit priority system for buses along Bragg
Boulevard and through the CBD will be deployed. This system will cost approximately $330,000.

Traveler Information

DMS on Owen Drive. There are four sites that have been identified along Owen Drive between the
coliseum and the hospital that would benefit from having DMS to provide information to motorists. The
cost of these four signs is expected to total approximately $800,000.

Kiosks at Major Public Venues. NCDOT and the cities in the Fayetteville Region will develop and install
five (5) kiosks that use web-based technologies to link to the websites in the area that display local traffic
and event information. In addition, these kiosks will display information of interest for tourists, including
destinations, lodging, restaurants, and information centers. Potential locations include regional malls, rest
areas, visitors’ bureaus, chambers of commerce, arenas and coliseums, hotels, racetracks, convention
centers and others.

Kiosks provide NCDOT the opportunity to enter into ventures with private entities in two ways. The first is
by selling or leasing kiosks at locations that are not public facilities, including large employers, malls, or
hotels. In addition, if additional kiosks are requested at locations, they also may be sold or leased. The
second opportunity is to permit the generation of kiosk operating revenue by either selling, advertising, or
licensing the kiosks. This would permit NCDOT to recover some of the costs of providing the data and
hosting websites.

The cost of installing 5 kiosks throughout the Fayetteville region is approximately $300,000. There are
additional costs associated with the long-term operations of kiosks, especially as more are added, for
updating information and adding bandwidth.

The development costs of the kiosk content needs to be shared amongst the many interested parties.
Traffic and transit data is only a small portion of the information that is available, and is typically the least
used. The most used information is concerning local interests and directions to destinations. Therefore,
the development costs of the content needs to be borne by those who will benefit the most: tourist
destinations, restaurants, and hotels.

Expand the Traveler Information System. The traveler information system identified as a short-term
project limits the user input to selecting bus routes and identifying “hot spots” along major routes. As a
long-term project, NCDOT will expand the system to provide additional real-time information, such as
transit arrival, estimated travel times and video images from Fayetteville. The expansion of this system,
with regard to integration and web site development (including hardware) is estimated to cost $1,500,000.

CVvO

Rest Area Occupancy Information. Commercial vehicles travelling through the Fayetteville Region on
[-95 frequently stop at rest areas outside of town to sleep. Because of this, the parking places for trucks
are often full, and trucks either park illegally or make an unnecessary stop, wasting time and fuel. A
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system will be deployed that will alert truck drivers of the occupancy of the rest area. This system is
anticipated to cost approximately $400,000.

Project Summary

A summary of the aforementioned projects and their estimated cost are shown in Table 9.

Table 9. Summary of ITS Projects and Estimated Costs (based on year 2001 dollars).

Short-Term Projects Long-Term Projects
Description Cost |Description Cost
($000) ($000)
ATMS ATMS
S-1 Emergency Vehicle Preemption $200 L-1 [Reversible Lanes on Owen Drive $100
Extension
S-2 Incident Management Plan rkk L-2 [Adaptive Signal Systems $1,600
S-3 IMAP in Fayetteville $200
Subtotal $400 Subtotal $1,700
APTS APTS
S-4 Automatic Vehicle Location $500 L-3 |Transit Priority $330
Subtotal $500 Subtotal $330
ATIS ATIS
S-5 Additional HAR Sites $120 L-4 [Dynamic Message Signs on Owen Drive $800
S-6 Regional Traveler/Transportation $50 L-5 |Kiosks at Major Public Venues $300
Website
S-7 Traveler Information Clearinghouse $100 L-6 |Expand Traveler Information System $1,500
S-8 Web-Based Roadway Information rkk
Subtotal $270 Subtotal $2,600
CVvO CVO
S-9 Web Credentials rkk L-7 [Rest Area Occupancy Information | $400
S-10 Truck Presence Detection rkk
S-11 Mobile Inspection ok
S-12 Weigh in Motion Sites $200
Subtotal $200 Subtotal $400
Safety
S-13 |Automated Work Zones ok
Subtotal $0
Total Short-Term $1,370 Total Long-Term $5,030
Anticipated Annual O&M Costs $110 Anticipated Annual O&M Costs $402
(8% of Total Short-Term) (8% of Total Long-Term)
Total 20-year Estimated Costs $6,400

***Costs are borne internally to NCDOT
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Operational Concepts

One primary objective with ITS deployments is to provide operational coordination across jurisdictional
lines. Unlike the Triad, Triangle and Metrolina regions where there are large regional operations centers
either existing or planned, and there are multiple local jurisdictions, the Fayetteville ITS Planning Region
has a relatively low population, with a majority of the existing and proposed ITS deployments in the City of
Fayetteville, with smaller ITS deployments in Hope Mills and Spring Lake. Although this makes an
operational plan easier in that there is only one entity with traffic management responsibilities, there is no
local, regional backup to either the overall system or the individuals responsible for day-to-day operations.

In addition to traffic management needs, the Fayetteville ITS Planning Region will benefit greatly from an
integrated emergency response and dispatch system that incorporates all of the local systems. Local
operations and database management benefits will be magnified by the sharing of information.

Following the development of this deployment plan, a regional operations plan that ties in operating
procedures for systems throughout the region needs to be developed. This plan will include an incident
management plan, with set responses for incidents throughout the region, procedures on working with
various emergency personnel, and directions on how to work with the many different traffic management
and signal systems in the region. The agencies in the Fayetteville Region are as follows:

NCDOT - Fayetteville area
Freeway Management
Regional Traveler Information — Website development, kiosk traffic information, etc.
HAR
Major Event/Incident coordination
NCDOT - Statewide
. Statewide Coordination
- Statewide Traveler Information — Website, etc.
FAMPO
- Regional coordination
Regional Traffic and Transportation website hosting
- Regional GIS database hosting
City of Fayetteville
Traffic Signal Control/Systems
Fayetteville Transit System
Traveler Information — Local issues and attractions, local traffic information, etc.
City of Fayetteville Police Department
Emergency Management
Enforcement
Cumberland County
Emergency Management System
Cumberland County Sheriff
Emergency Management
Enforcement
City of Spring Lake
E911
Enforcement
Highway Rail Crossings
City of Hope Mills
E911
Enforcement
Fort Bragg
Information
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Benefits of ITS Systems

The benefits of ITS deployment are difficult to measure by simple quantitative analysis. An integrated ITS
deployment program can include safety improvements, delay reduction, cost savings, capacity
improvements, customer satisfaction, energy consumption reduction, and positive environment impacts.
Municipalities throughout the United States are already seeing benefits from existing deployments. This
benefit analysis reviews the existing deployments for various short and long term projects recommended
for the Fayetteville Region and provides real-world examples of benefits being realized by other
municipalities. Quantifiable benefits for air quality monitoring can be obtained by following the Federal
Highway Administration August 1999 report Off-Model Air Quality Analysis — A Compendium of Practice
which is included in the Appendix. The following examples illustrate true potential application of the
Fayetteville Region ITS deployment plan.

Freeway/Incident/Event Management

There are three major ITS functions that make up Freeway Management Systems (FMS). These include
monitoring and controlling freeway operations and providing current traffic information to motorist. The
most common ITS devices used for monitoring and control include camera surveillance and, as
appropriate, ramp metering. Where variable message signs, updated web sites and highway advisory
radio are commonly used to provide traffic information to the motorist. A traffic management center
(TMC), the control center for the various ITS deployments, is responsible for monitoring freeway
conditions and dispersing the information to motorist. Although FMS are most effective when used in
conjunction with incident management and transit management systems, when used by themselves, they
can make a substantial difference in increasing average speeds, reducing travel time, minimizing stop
delays and reducing accident rates.

IMAP

The Incident Management Assistance Patrol are emergency traffic patrol vehicles equipped to aid minor
breakdowns, push or tow vehicles, and reposition and move trailers. The purpose of this program is to
respond as quickly as possible to debilitated vehicles to minimize the impact on traffic flow. When
additional equipment is added such as computer aided dispatch systems, global positioning systems and
mobile changeable message signs, patrols can get the job done faster. Programs like these also benefit
the environment by restoring traffic flow and minimizing idling vehicle emissions. Additionally, this
program provides an added measure of safety and security to the public.

Refer to the Off-Model Air Quality Analysis: A Compendium of Practice included in the appendix of this
report for analyzing air pollution reduction with incident management.

Traffic Control

Traffic signals that are interconnected and include traffic adaptive and responsive capabilities have
proven to improve traffic progression and reduce delays. Additionally, the interconnection of signals
working together has high environmental benefits in the reduction of fuel consumption and emissions.
These benefits are illustrated by the examples below:
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A Texas state program called the Traffic Light Synchronization (TLS) involved the installation of a system
which tied each signal within the system together using communication interconnect with a modem link
back to a shop computer. The system has resulted in benefits shown below with an estimated
benefit/cost ratio of 62:1.*

TLS Summary:

Travel Time 13.8% decrease
Travel Speed 22.2% increase
Delay 37.1% decrease
Fuel Consumption 5.5% decrease
CO Emissions 12.6% decrease
HC Emissions 9.8% decrease

Another example that demonstrates the effectiveness of interconnected signals, is the city of Toronto’s
evaluation of the SCOOQT signal control system. This system is comprised of 75 signals and is installed
on two corridors and the central business district. The evaluation showed a decrease in both travel time
and vehicle stops by 8% and 22%, respectively, and a reduction in delay by 17%. Moreover, due to the
improved traffic flow, fuel consumption was reduced by 6%, carbon monoxide (CO) emissions by 5% and
hydrocarbon (HC) emissions by 4%.°

For methodologies on analyzing emissions reduction, refer to the Off-Model Air Quality Analysis: A
Compendium of Practice provided in the appendix of this report.

Emergency Vehicle Preemption

Emergency vehicle preemption works with traffic signal systems by alerting the signals of their oncoming
presence up to a half-mile away. Traffic signals can then adjust their timing and allow emergency
vehicles to proceed through an intersection with little delay. This system greatly reduces the chances of a
collision at an intersection that in return saves costs in both emergency vehicle replacements and the
legal liability when a motorist is injured. In addition, emergency vehicle preemption allows emergency
vehicles to reach their destination faster which can make a difference between life and death in many
emergency situations. This system works in concert with a well timed signal system to provide priority for
emergency services while having minimal impact on other traffic.

* Benefits of the Texas Traffic Light Synchronization Grant Program |, TXDOT/TTI Report #0258-1, Texas DOT,
Austin,

® Glassco, R., “Potential Benefits of Advanced Traffic Management Systems,” The MITRE Corporation, ITS-L-
141, November, 1995.
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Transit

Transit Management System (AVL, etc.)

The implementation of a complete Transit Management System has shown to increase ridership and
reduce costs for transit operators. For example, Winston-Salem, North Carolina evaluated a computer
aided dispatch and scheduling system on a 17 bus fleet. Within six months the ridership grew from 1,000
to 2,000 users and vehicle miles per passenger-trip grew 5%. Moreover, operator expenses dropped 2%
per passenger trip and there was a decrease in passenger wait time by 50%.°

Transit management systems also provide more efficiency for transit operations and may enable transit
operators to streamline operations. Kansas City, Missouri was able to reduce 10% of the equipment
required for some bus routes by using AVL/CAD while maintaining customer service. In addition, the use
of an AVL system allowed Kansas City to eliminate seven buses out of a 200 bus fleet, thus allowing
Kansas City to recover its investment in the AVL system within two years.7

Refer to the Off-Model Air Quality Analysis: A Compendium of Practice provided in the appendix of this
report for methodologies of calculating the effects of transit improvements on air pollution.

Transit Priority

The transit priority allows for special treatment to transit vehicles at signalized intersections on roads with
significant transit use. Three types of priority strategies exist. The first type of priority is the passive
priority strategy that incorporates the timing of coordinated signals at the average bus speed instead of
the average vehicle speed. The second type of priority is the active priority strategy that involves signals
detecting the presence of a transit vehicle and thereby granting an early green signal or holding a green
signal that is already displayed. The third priority strategy involves a short stretch of bus lane at the
intersection called the queue jump lane. This enables buses to by-pass waiting queues of traffic and to
cut out in front by receiving an early “bus only” green signal. By including at least one or all of the priority
strategies, the average travel time per transit route can be reduced substantially.

The success of this type of program is demonstrated by two cities already employing priority strategies.
Los Angeles has incorporated the signal priority on two routes called the Metro Rapid along the Whittier-
Wilshire Boulevard and Ventura Boulevard. Total travel time for each Metro Rapid route has dropped by
25% compared to regular local service. Vancouver , Canada introduced the 99 B-line rapid bus along a
11mile cross town route with 14 stops. Travel times for this route were reduced by 20-40% compared to
the local bus travel times. This program was successful enough to add a second rapid bus route in
September of 2000.®

Refer to the Off-Model Air Quality Analysis: A Compendium of Practice provided in the appendix of this
report for methodologies of calculating the effects of transit improvements on air pollution.

® Stone, J., “Winston-Salem Mobility Management: An Example of APTS Benefits, “NC State University, 1995.
" Giugno, M., Milwaukee County Transit System, July 1995 Status Report.
8 Bus Rapid Transit Web Site, brt.volpe.dot.gov/guide/signal .html, February 14, 2001.
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Traveler Information

Web/Roadway Traveler Information System

Providing traveler information over several modes of travel can be beneficial to both traveler and service
providers. Several transit agencies as well as some Traffic Management Centers have started using
kiosks, local cable television and web sites to disperse information about current traffic conditions and
transit schedules. This enables travelers to make more informed decisions for trip departures, routes and
modes of travel. They have been shown to increase transit usage, and may help reduce congestion
when travelers select alternate routes or postpone trips.

An example of how effective the traveler information system can be is illustrated by the surveys
performed in the Seattle, Washington and the Boston, Massachusetts areas. These surveys indicated
that when provided with traveler information, 30%-40% of travelers adjusted their travel. Of those that
changed their travel, 45% of travelers changed their route of travel and 45% changed their time of travel,
while the remaining 10% changed their mode of travel.

Traveling information systems are believed to greatly impact vehicle emissions as well. In 1999, it was
projected that 96,000 callers would use the SmarTraveler system in Boston on a daily basis. To
estimate the impact the SmarTraveler system would have on emissions, the MOBILE5a model was used
but included only 30% of the projected 96,000 daily callers. The results from the model concluded that on
a daily basis there would be an average reduction by 25% of volatile organic compounds, as well as 1.5%
of NO, g\nd 33% of CO as compared to daily vehicle emissions not influenced by the SmarTraveler
system”.

Refer to the Off-Model Air Quality Analysis: A Compendium of Practice provided in the appendix of this
report for methodologies of calculating the effects of transit improvements on air pollution.

Other ITS Benefits

Arterial Management Systems

Arterial Management systems are used to manage the traffic and control of arterial roadways through
signal coordination, surveillance, sign control, and motorist informational systems. Traffic management
centers also play an important role in these systems by monitoring and controlling traffic conditions and
dispersing information to motorist about the arterial roadways. There have been numerous evaluations
on the arterial management systems operating in cities around the world that have determined that these
systems produce substantial environmental benefits by reducing vehicle stops, which then creates a
reduction in fuel consumption and vehicle emissions. Additionally, arterial management systems have
improved methods for reducing incident delays, increasing average speeds, as well as lowering accident
rates. Arterial management systems are most effective when used in conjunction with incident
management and transit management systems. Moreover, when multiple operational components are

® Tech Environmental, Inc., Air Quality Benefit Study of the SmarTraveler Advanced Traveler Information Service,
July 1993.
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implemented such as surveillance, motorist informational systems as well signal coordination, a traffic
management center has greater adaptive capabilities and control to improve changing traffic conditions.

A good example of how arterial management systems can substantially improve traffic conditions is
demonstrated by a 1994 evaluation of a computerized signal control in the City of Los Angeles. This
system had been in operation since 1984 and as of 1994 it was comprised of 1,170 intersections and
4509 detectors for signal timing optimization. The results of this evaluation reported a 13% decrease in
vehicle stops, 18% reduction in travel time, 16% in average speed, 13% decrease in fuel consumption
and 14% decrease in emissions.°

There are many different types of ITS devices that produce successful arterial management systems. In
Fairfax City, Virginia a program was started that used automated cameras to record violations and ticket
violators in an effort to reduce intersection accidents. It was reported that after the program was
implemented there was a 35% reduction of accidents at intersections with traffic lights. Arterial
management systems can increase overall capacity of existing roadways, increase road safety for
motorist and improve the environment at a justifiable cost.

Refer to the Off-Model Air Quality Analysis: A Compendium of Practice provided in the appendix of this
report for methodologies of calculating the effects of signal improvements on air pollution.

Lane Control and Reversible Lanes

Lane Control utilizes various forms of dynamic message signs and specific lane control signs to convey
directional, speed regulatory, warning and travel information to freeway users. There are several ways
lane controls can be used. One example of lane control is when a reversible lane is used to convey high
traffic volumes for each approach. The lane control signs, which are usually displayed well in advance of
a merge, are used to close a lane on whichever approach has the lower volume during a given time
period and keeps all lanes open for the higher volume approach. Additionally, lane control displays are
used to convey messages of speed control for particular lanes due to accidents, weather conditions,
construction or special events. Lane control is beneficial because it can decrease traffic congestion and
reduce vehicle delays. Moreover, with a reduction in idling vehicles, lane control will also help to reduce
air polluting vehicle emissions. Another Lane control benefit is the reduction in vehicular accidents. In
England, alsystem incorporating lane control paid for itself within a year based solely on accident
reductions™.

National Architecture Compliance

The development of the short- and long-term projects is the final step before the development of the
regional architecture. The regional architecture that is used is a derivative of the national architecture as
previously discussed. However, the regional architecture includes multiple figures and tables that
document the relationships between various components, control centers, and agencies. The regional
architecture documentation and all associated figures are provided as a supplement to this report.

19 City of Los Angeles Department of Transportation, “ Automated Traffic Surveillance and Control (ATSAC)
Evaluation Study,” June 1994.
" Freeway Lane Control, www.bts.gov/ntl/99030/s03/body_s03.html, accessed 2/28/01
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The intent of the regional architecture is to document the flows of data between the many elements that
are currently and will ultimately be deployed throughout the Fayetteville Region. Based on the regional
architecture, as individual projects are developed, they can be incorporated to ensure that information is
shared throughout the region.

The architecture database that has been prepared for this report is not intended to sit on a shelf. Rather,
it is intended to be a living database that is updated as projects are deployed or new projects are
planned.

Standards

In additional to compliance with the National Architecture, USDOT has been working with the industry to
develop standards for use within the ITS community. The most common standard that has been
deployed to date is the National Transportation Communication for ITS Protocol (NTCIP) for traffic
signals. As of 1999, NTCIP was the only widely adopted standard. However, there are many more that
are being developed and approved nationally for use in ITS. The standards that have been identified are:

Relevant Standards Activities

Organization _Standard Name Standard Number
AASHTO NTCIP - Application Profile for File Transfer Protocol (FTP) 2303
AASHTO NTCIP - Application Profile for Trivial File Transfer Protocol 2302
AASHTO NTCIP - Applications Profile for Data Exchange ASN.1 (DATEX) 2304
AASHTO NTCIP - Base Standard: Octet Encoding Rules (OER) 1102
AASHTO NTCIP - Subnetwork Profile for Ethernet 2104
AASHTO NTCIP - Subnetwork Profile for Point-to-Point Protocol using RS 232 2103
AASHTO NTCIP Guide 9001
AASHTO NTCIP - Object Definitions for Video Switches 1208
AASHTO NTCIP - Simple Transportation Management Protocol (STMP) 1103
AASHTO NTCIP - Profiles - Framework and Classification of Profiles 8003
AASHTO NTCIP - Data Dictionary for Closed Circuit Television (CCTV) 1205
AASHTO NTCIP - Applications Profile for Common Object Request

Broker Architecture (CORBA) 2305
ASTM Standard Specification for DSRC - Physical Layer 902-928 MHz PS 111-98
ASTM Standard Specification for DSRC - Data Link Layer Draft Z7633Z
EIA/CEA Data Radio Channel (DARC) System EIA-794
EIA/CEA Subcarrier Traffic Information Channel (STIC) System EIA-795
ANSI Commercial Vehicle Safety Reports TS284
ANSI Commercial Vehicle Safety and Credentials Information Exchange TS285
ANSI Commercial Vehicle Credentials TS286
IEEE Standard for Common Incident Management Message Sets (IMMS) for

use by EMSs P1512
ITE Advanced Traffic Controller (ATC) Application Program Interface (API) 9603-1
ITE ATC Cabinet 9603-2
ITE Advanced Transportation Controller (ATC) 9603-3
ITE Message Set for External TMC Communication (MS/ETMCC) T™ 2.01
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ITE Standard for Functional Level Traffic Management

Data Dictionary (TMDD) T™ 1.03
IEEE Survey of Communications Technologies ITSPP#5
IEEE ITS Data Dictionaries Guidelines ITSPP#6A
AASHTO NTCIP - Simple Transportation Management Framework (STMF) 1101
AASHTO NTCIP - Class B Profile 2001
AASHTO NTCIP - Global Object Definitions 1201
AASHTO NTCIP - Object Definitions for Actuated Traffic Signal Controller Units 1202
AASHTO NTCIP - Object Definitions for DMS 1203
AASHTO NTCIP - Point to Multi-Point Protocol Using RS-232 Subnetwork Profile 2101
IEEE Guide for Microwave Communications System Development 1404
IEEE Recommended Practice for the Selection and Installation of

Fiber Optic Cable P1454
IEEE Message Sets for DSRC ETTM & CVO 1455
IEEE Standard for Message Set Template for ITS P1488
IEEE Standard for Data Dictionaries for ITS 1489
AASHTO NTCIP - Transportation System Sensor Objects 1209
AASHTO NTCIP - Data Collection & Monitoring Devices 1206
AASHTO NTCIP - Application Profile for Simple Transportation Management

Framework (STMF) 2301
AASHTO NTCIP - Internet (TCP/IP and UDP/IP) Transport Profile 2202
SAE Truth-in-Labeling Standard for Navigation Map Databases J1663
SAE Serial Data Comm. Between MicroComputer Systems in Heavy-Duty

Vehicle Applications J1708
SAE Information Report on ITS Terms and Definitions J1761
SAE A Conceptual ITS Architecture: An ATIS Perspective J1763
SAE ISP-Vehicle Location Referencing Message Profiles J1746
SAE On-Board Land Vehicle Mayday Reporting Interface J2313
SAE Information System (ATIS) Data Dictionary J2353
SAE Advanced Traveler Information System (ATIS) Message Set J2354
SAE ITS Data Bus Architecture Reference Model Information Report J2355
SAE Standard for Navigation and Route Guidance Function Accessibility

While Driving J2364
SAE ITS Data Bus Protocol - Link Layer Recommended Practice J2366-2
SAE ITS Data Bus Gateway Recommended Practice J2367
SAE ITS Data Bus Conformance Test Procedure J2368
SAE Standard for ATIS Message Sets Delivered Over Bandwidth

Restricted Media J2369
SAE Field Test Analysis Information Report J2372
SAE Stakeholders Workshop Information Report J2373
SAE National Location Referencing Information Report J2374
SAE ITS In-Vehicle Message Priority J2395
SAE Measurement of Driver Visual Behavior Using Video Based

Methods (Def. & Meas.) J2396
SAE Adaptive Cruise Control: Operating Characteristics and User

Interface J2399
SAE Forward Collision Warning: Operating Characteristics and

User Interface J2400
SAE ITS Data Bus Data Security Services Recommended Practice J1760
SAE ITS Data Bus Protocol - Physical Layer Recommended Practice J2366-1
SAE ITS Data Bus Protocol - Thin Transport Layer Recommended

Practice J2366-4
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SAE ITS Data Bus Protocol - Application Layer Recommended Practice J2366-7
ITE TCIP - Control Center (CC) Business Area Standard 1407
ITE TCIP - Common Public Transportation (CPT) Business Area

Standard 1401
ITE TCIP - Fare Collection (FC) Business Area Standard 1408
ITE TCIP - Framework Document 1400
ITE TCIP - Incident Management (IM) Business Area Standard 1402
ITE TCIP - Onboard (OB) Business Area Standard 1406
ITE TCIP - Passenger Information (PI) Business Area Standard 1403
ITE TCIP - Scheduling/Runcutting (SCH) Business Area Standard 1404
ITE TCIP - Spatial Representation (SP) Business Area Standard 1405
ITE TCIP - Traffic Management (TM) Business Area Standard TS 3.TM

The first priority with the continued deployment in the Fayetteville Region is to comply with national
standards. However, a number of choices were made in the development and deployment of other
systems over the past few years that will affect the standards that are chosen. An example is emergency
vehicle preemption. To date, all of the deployments for emergency vehicle preemption have used 3M
Opticom® equipment. This system uses a proprietary interface that is not standard. To change this to an
open standard driven system would require that all of the existing Opticom® equipment either be replaced
or upgraded (if possible). This is not feasible. In instances such as this, the existing system will be
maintained.

Regional Communication Architecture

Based on the short- and long-term projects, the key component of the Fayetteville Region ITS
deployment plan is to develop a central database of traveler information to be disseminated to motorists
throughout the region. This regional system, with the various inputs and outputs is shown in Figure 11.

The concept of this architecture is that the City of Fayetteville controls a majority of the traffic operations
equipment through the region, and, therefore, has easy access to a majority of the traffic information
generated by these elements. External inputs, such as from 1-95, the IMAP program and the NCDOT
statewide program office needs to be accessed, but not generated or stored locally.

FAMPO will be responsible for the hosting and maintenance of the regional website. Their current site
(www.fampo.com) includes information on transit schedules and other general traveler information. This
will be expanded. Additionally, FAMPO will be responsible for hosting the region GIS databases.

The concept of the architecture is that the City of Fayetteville and NCDOT share information both
regionally and, to some extent, statewide to provide information that can be easily accessed from one
concise front end. There are two options to operate a regional traveler information system: central and
virtual. These two concepts are shown in Figure 12.

As stated previously, the Fayetteville Region as defined by FAMPO has been broken up into parts of

three ITS Planning Regions, Fayetteville (urban), Rural Coastal (rural) and 1-95. The architecture and
discussion in this section only relates to the urban segment of the Fayetteville Region.
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Central Information System

A central system is the more expensive of the two to design, build, operate, and maintain. A central
system requires that all the data, video, and other information be brought to one central location for
dissemination. For instance, the TRTMC could house the information system. This system would store
all of the information, both data and video, and disseminate it as needed. A type of central system is
provided by MapQuest at www.mapquest.com. MapQuest's traveler information pages get data from the
DOT and provide it on the MapQuest. A sample image from MapQuest is provided for the Charlotte

areas in Figure 13."2

MapQuest is a sample of a third party using available information to document and present traffic
conditions in real time. Other web sites with similar information include www.smartroutes.com,

www.strategy.com (in development), and others.

Figure 13. Sample MapQuest Image.
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2 MapQuest isjust one of many private sector companies repackaging I TS information for profit. Othersinclude
Y ahoo! (traffic.yahoo.com),SmartRoutes (www.smartroutes.com) and TrafficStation (www.trafficstation.com).
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The advantage of a central system is that is provides consistency to the end user in both the look and
feel, and also in the data and video provided. A central system provides greater control over the
information, in that one agency, organization, or even person has the ultimate responsibility for all of the
system’s components.

The key disadvantage is the cost needed to design, construct, operate and maintain such a system.
Where a virtual system would require that the end user have an adequate connection to the regional and
local sites, the central system requires that there be a permanent connection from the central system to
each of the local sites. In essence, the responsibility of data and video dissemination falls on whoever is
operating the central system.

Virtual Information System

A virtual information system requires less front-end expense than the central system, but also has issues
with compatibility and consistency. A virtual system provides a front-end for the user from which he or
she can select the information that is desired. When selected, however, the user connects directly to the
local system from which information is requested. The only information stored at the central location is
the front-end and generic regional information. All of the specific data and video can be accessed from
each of the local sites.

The advantage of a virtual system is that it provides all of the same information as a central system, but at
a lower front cost. The only requirements for the virtual system are solely a link from the central system
to each of the local systems. The bandwidth for the local systems to transmit this information to the end
user is the responsibility of the local agencies. A virtual system is very similar to the World Wide Web. A
site like www.yahoo.com provides traffic and traveler information through links to the various sites. This
is similar to a virtual system.

The key disadvantage of the virtual system is the consistency amongst the sites, both in terms of look and
feel, as well as status. Different internet sites have different methods of presenting information. Unlike a
central system where one person or group has control of the look of a site, a virtual system has different
groups of people responsible for each of the local sites, which can confuse users. This problem can be
eliminated by standardizing the front ends of the various systems.

It is important that the status of the varying sites be consistent. Where the central system has all of the
data and information stored and processed locally, the virtual system relies on other sites to be
operational, up to date, and consistent. If it is not, users will stop visiting the site for traffic and traveler
information.

Regional Architecture Recommendation

The Fayetteville Regional plan focuses on improving the existing ITS deployments and enhancing traveler
information. This deployment has promoted the deployment of a centralized communication system.
Although there will be a number of virtual elements, specifically regarding information from NCDOT both
regionally and statewide, the vast majority of input into the system are currently centralized, and should
remain that way.
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Communication System

The regional communication is limited because of the deployments, both existing and planned, and the
geography of the region. The system will encompass the existing communications between Fayetteville
and the existing ITS elements, with new deployments providing or improving communication as
necessary. The regional communication system is shown in Figure 14.

Additional infrastructure desired for this project will be developed as part of the short- and long-term
projects. Each project that requires communications should be deployed with the intent of expansion of
communications, since the addition of fiber for the regional system adds an insignificant cost (The vast
majority of the cost of installing fiber optic cable is in the trench, conduit and labor to install the cable.
Adding additional strands only adds an insignificant amount per linear foot of cable).

Communications Assessment

The only regional communications that are required for the short- and long-term ITS deployment in the
Fayetteville region is the communications necessary to connect Fayetteville to the NCDOT statewide
system. A full-time connection is recommended between Fayetteville and NCDOT to share video and
data. The statewide standard that is being recommended from each region is a 3 Mbps (2 T-1 Lines)
connection. This will permit, as described below, multiple low frame rate video channels to be transmitted
across the network until a statewide network is fully developed. The communications topology is shown
in Figure 15.

The statewide link is necessary for a number of reasons, most notably to provide coordination with the
planned efforts along the entire 1-95 corridor as well as the Eastern Coastal Region. This link will also
permit the agencies in the Fayetteville Region to share data and video with the Triangle, Triad and
Metrolina regions. Traffic monitoring and control is a local issue, with regional and statewide impacts.
For that reason, transmitting basic data and video images to a statewide network does not require the
same quality as for local information. Video images from Fayetteville to NCDOT are recommended to be
limited to 384 kilobytes per second (Kbs).

The statewide link is recommended to be a leased network at this time. There are many states in the
process of developing statewide fiber optic deployments from border to border along the major freeways
with assistance from private partners. In lieu of this occurring in North Carolina, a statewide leased
network is sufficient to provide basic data and video transmission. It is recommended that a total of 2 T-1
connections be provided from the Fayetteville region to NCDOT headquarters in Raleigh. The cost to
lease the bandwidth required to connect these two centers would be approximately $30,000 per year, in
addition to a one-time setup and installation cost of approximately $20,000.

Video images can be broadcast or transmitted at different data rates, depending on the quality desired by
the viewer. The higher the data rate, the better the quality. As data rates decrease, images tend to
become either smaller or jumpy. It is recommended that for center to center video, a data rate of
between 3 and 6 Mbs (Megabits per second) be used. This rate will allow full frame, full motion video
with little or no “jumping.”
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Video between Fayetteville and the rest of the state can vary depending on the bandwidth available, and
expand as the communication infrastructure increases. For the purposes of traffic control video, a low
data rate of 1.5 Mbs is reasonable, since it can be transmitted over one leased T-1 line. The video
transceivers and multiplexers available today allow the data rate to be changed, so as different
communication options become available, the only changes necessary in the end equipment is in the
software to convert the data rate, and in the network interface to change connection types.

Data transmission of traffic information is significantly reduced from the needs of video transmission.
Typical data from a traffic signal system is constant, but not at a high data rate (most controllers are
limited to data rates as low as 14.4 or 28.8 Kbs. Data from other sources, such as traffic data count
stations, DMS and HAR does not require continuous communications, rather the data (or voice for HAR)
is sent in a burst. The more bandwidth available, the shorter the burst.

Communications between the City of Fayetteville and the surrounding communities and Fort Bragg is
recommended to continue using standard telephone service. Although the information collected by the
various elements encompassing the ITS deployment in the Fayetteville Region can impact these other
municipalities, a majority of the impacts and response will be handled by the City of Fayetteville. The
bandwidth necessary to transmit basic data between Fayetteville and these surrounding communities will
be very limited. A majority of the incident responses that require multiple jurisdictions will be coordinated
by the City of Fayetteville or the police departments. Communications during these events will occur via
either radio or telephone. A standard telephone line connecting these facilities will permit the exchange
of basic data and still frame video images.

Kimley-Horn and Associates, Inc. 59 www.ncsmartlink.org





Fayetteville Regional ITS Deployment Plan

APPENDIX
Meetings
Summits

NIA Compliance

FHWA: Off-Model Air Quality Analysis — A
Compendium of Practice — August 1999
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