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EXECUTIVE SUMMARY

A keystone of intelligent transportation systems (ITS) are in-vehicle information systems

(MS), which are designed to acquire, filter, prioritize, and display information about the driving

environment to the driver of a road vehicle. Currently, many of the MS in the U.S. are

Advanced Traveler Ir&ormation Systems (ATIS) services, but further development of MS is

envisioned to extend in the future toward dynamic and real-time vehicle control. Although the

benefits of MS are expected to be sizeable, the costs of implementing these systems nationwide

are expected to be significant as well. Because of the potential of MS to transform

transportation, and the anticipated magnitude of their costs, better projections of the benefits and

costs of these systems are needed. The purposes of this report are to develop a cost estimation

methodology that makes projections of the costs of MS and associated infrastructure, and to

illustrate the application of this methodology. The illustration of this methodology is limited to

personal vehicles, but it can easily be adapted to commercial and transit MS, and to ITS in

general.

The methodology developed here for estimating the costs of MS-related systems is a

“bottom up” approach that calculates the costs of these systems based on the costs (i.e., prices)

of their basic equipment components. The methodology takes the national ITS architecture as a

fundamental starting point. In this architecture, ITS technologies provide services to their users

through the deployment and use of market packages of technologies (such as interactive traveler

information). Each market package consists of equipnzentpackuges (such as vehicle route

guidance), which in tuzn consist of components (such as geographic information system). The

market package cost is thus estimated as the sum of the cost of individual components in the

equipment packages that comprise the market package, both inside and outside (i.e.,

infrastructure) the vehicle. Costs at the market package level are estimated for a specific

deployment in a h~ecycle context. For infrastructure-related equipment packages, the life cycle

cost includes the total capital, operating, and maintenance cost of individual components over a

pre-determined deployment period. For in-vehicle equipment packages, the costs are estimated

over the life of the vehicle (typically 14 years). The corresponding annualize~ or levelized, cost

is calculated as well. Since deployment of an MS is typically a multi-year endeavor, projections

...
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of the &time costs of the components are based on the historical price trends of electronic and

other components available from the Bureau of Labor Statistics (BLS).

MS-related market package costs are estimated for user-defined deployment scenarios.

Since intlastructure has a spatial aspect the highway mileage, as well as other characteristics of

the region in which a system is to be deployed, are parameters that are used to calculate the

number of each component that is needed for region-wide deployment, given some assumptions

about the market penetration rate (i.e., extent of deployment) of the system. Estimates are made

of how much of this total regional deployment cost is likely to be paid by personal vehicle

owners, private firms, the federal government, and state and local governments, based on simple

fi-actional splits. To gain insight into the total size of the U.S. market and of the total finds

needed by different parties (e.g., the federd government), the regz”onal cost estimates are scaled to

calculate national totals. This scaling is based on “expansion factors,” which are defined using

the parameters used to estimate the number of units needed of each component within a region

(e.g., highway mileage). The expansion factors are simply the ratio of the national value to the

regional value.

To demonstrate the MS-cost estimation methodology, a multicriteria method was used

to select five IVIS-related market packages from among all such packages:

(1) Broadcast Traveler Information

(2) Dynamic Route Guidance

(3) Interactive Traveler Information

(4) ISP-based Route Guidance, and

(5) Intersection Collision Avoidance

The selected market packages provide a range of user-services currently being considered in the

marketplace, and a varying degree of technology maturity.

Costs estimates for each component are compiled in a user-fi-iendly information system.

This information system provides price data, equipment descriptions, and data-source

documentation for all of the components of the five market packages; and users of the software

can edit this information. In addition, there are user-interfaces for other modules that allow users

to “build” their own deployment scenarios and to calculate their costs.

In this study, we consider Urbansville and Thruville, as defined in the national ITS

architecture study for a ten-year deployment period (i.e., 1997-2007), as representative urban

xiv



and interurban deployment scenarios, respectively. The national cost estimate of the Urbansville

scenario is based on the largest 75 metropolitan areas targeted for implementation of Intelligent

Transportation Infrastructure (ITI) within the next 10 years. The remaining316 urbanized areas,

of the total of 391 urbanized areas having a population greater than 50,000, were used to estimate

the cost of nationwide implementation in Thruville regions. The market penetration rates of in-

vehicle equipment packages are assumed to be considerably lower (i.e., less than 10Yo)and to

penetrate the market much more gradually, compared to the extensive infi-astructure deployment.

Projected regional costs of five MS-related market packages for a ten-year deployment

period are shown in Table 1. Life cycle costs of in-vehicle equipment packages are assumed to be

the greatest (i.e., $10,000/vehicle) for ISP-based route guidance market packages, compared to the

lowest cost of $600/vehicle for the broadcast traveler information market package. The

corresponding levelized costs of these in-vehicle equipment packages are estimated to be

$1,200/vehicle and $68/vehicle, respectively. High annual recurring costs contribute greatly to

the overall costs of the higher-cost packages. Furthermore, a significant reduction in the price of

in-vehicle equipment package components is not assumed to occur within the next ten years.

Table 1. Projected Regional Costs of Five MS-Related Market Packages for a Ten-Year
Deployment Period (1997-2007)

Market packages

1 Ten-year deployment cost (1991
In-vehicle

(per vehicle) Infrast

Urban
Life I Levelized Life Levelized
cycle ($lyr) cycle ($M/yr)
($) ($M)

Broadcast Traveler 598 68 86.6 12.9
Information I I I I
Interactive Traveler 5,294 ! 605 115.7 17.0
Information
Dynamic Route Guidance 5,704 652 87.6 13.0
ISP-BasedRoute Guidance 10,400 1,189 116.3 17.1
Intersection Collision 4,854 555 96.4 13.7

dollars)

Interurban

T

Life Levelized
cycle ($M/yr)
$M

24.7 3.5
1

32.3 I 4.5

+

25.1 3.5
32.6 4.6
20.4 2.9

xv

Life cycle costs of infrastructure for various market packages range from $87M to $120M

for the urban regio~ as shown in Table 1. The corresponding costs of infi-astructure for the



interurban region are about 3 to 6 times lower than the urban region. Nationwide deployment of

intersection collision avoidance (ICA) market packages is estimated to cost $5,500M for the 75

largest urban regions and $480M for the316 interurban regions (due in large part to lower market

penetration) as shown in Figure 1. Except for the ICA, me infrastructure required by different

market packages has many equipment packages in common. Thus, the incremental infrastructure

cost for implementing several market packages at the same time would be minimal (e.g., $0.6M

between interactive traveler information and ISP-based route guidance). The cost of nationwide

infrastructure to support ISP-based route guidance is estimated to be $5,400M for the 75 largest

urgan regions and $1,300M for the 316 interurban regions. The infrastructure cost of this market

package includes most of the infi-astructure necessary for other market packages, i.e., dynamic

route guidance, interactive traveler information, and broadcast trave~er information.

Projected regional costs of five IVIS-related market packages are tabulated at the

equipment package level by parties “likely” to pay in Tables 2 and 3, for single urban and

interurban regions, respectively. The allocation of costs among parties is based on an assumption

of very high federal @olvement in ITS deployment during the next ten years. The actual

allocation might reflect a much greater state (and local) split, as in current highway disbursements

(FHWA 1996). In Tables 2 and 3 the federal government share of total life cycle costs is

projected to be the greatest for roadway basic surveillance and roadway signaI controls

equipment packages (i.e., $46M and $45M, respectively, for the urban region). Similarly, for

these two equipment packages, the state and local government share is calculated to be $28M and

$25M, respectively. For interactive infrastmcture information, the private sector is likely to pay

the greatest cost, estimated to be $3 lM and $8.6M for urban and interurban regions,

respectively. Since costs in interurban regions are anticipated to be considerably lower than in

urban regions, the public sector share of total costs is also considerably lower in interurban

regions. For nationwide implementation of MS market packages, it is estimated that the share of

federal government spending is likely to be the greatest for roadway basic surveillance and

roadway signal controls equipment packages (e.g., $2,500M and $2,000M, respectively for the

urban region). The federal shares of the corresponding levelized (annual) costs of these

equipment packages are $360M and $290M, respectively. Similarly, the private sector is likely

to pay the entire life cycle costs of $1,600M and $260M for urban and interurban regions,

xvi
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‘ Inform.

Intersection Collision Avoidance
ln~

Note:Allvalues b ($M 1996)

Fig. 1. Projected national deployment costs of the infrastructure for five MS-related
packages for a ten-year deployment period.

market
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Table 2. Projected Urban Reg”on Costs of the Inikastructure-Related Equipment Packages for
Five MS-Related Market Packages for a Ten-Year Deployment Period, by

Parties Likely to Pay

Ten-year deploym ent cost ($M 1996)
Equipment package Life cycle Annual Ievelize

Fed Stat Pvt Tot Fed Stat Pvt
Basic Information Broadcast 2.9 2.9 0.4
Collect Traffic Surveillance 0.4 2.8 3.2 0.05 0.45
Infrastructure Provided Route 0.6 0.6 0.08
Selection I I ! ! ! ! I
Interactive Infrastructure 31 31 4.4
Information
Roadway Basic Surveillance 46.2 27.8 74 6.6 4.4
Roadway Intersection Collision 0.02 0.01 0.03 0.002 0.002
Roadway Signal Controls 45.0 25 70 6.4 3.6
Roadway Signal Priority 6.5 4.1 10.6 0.9 0.6
TMC Multi-Modal Coordination 12.0 3.8 15.8 1.7 0.5
Transit Center Demand Responsive 0.1 0.9 1.0 0.02 0.08
Operations
Transit Center Fare & Load Mgmt. 0.9 1.1 2.0 0.1 0.2
Transit Center Fixed Route 0.3 0.9 1.2 0.05 0.15
Operations
Transit Center Tracking & 0.6 2.7 3.3 0.1 0.4

7
Tot
0.4
0.5

0.08

14.4

a11
0.004

10
1.5
2.2
0.1

I

4
0.3
0.2

0.5

Note: Fed: Federal Stat: State or Local Pvt: Private Sector Tot: Total

...
Xvlll



Table 3. Projected Interurban Region Costs of the Infrastructure-Related Equipment Packages
for Five IVIS-Related Market Packages for a Ten-Year Deployment Period, by

Parties Likely to Pay

Ten-year deployment cost ($M 1996)
Equipment packages Life cycle Annual levelized

Fed Stat Pvt Tot Fed Stat Pvt Tot
Basic Information Broadcast 1.4 1.4 0.2 0.2
Collect Traflic Surveillance 0.1 0.7 0.8 0.02 0.08 0.1
Infrastructure Provided Route 0.3 0.3 0.04 0.04
Selection
Interactive Infrastructure 8.6 8.6 1.2 1.2
Information
Roadway Basic Surveillance 12.3 7.7 20 1.7 1.1 2.8
Roadway Intersection Collision 0.007 0.003 0.01 0.001 0.0 0.001
Roadway Signal Controls 9.1 5.2 14.3 1.3 0.7 2.0
Roadway Signal Priority 1.8 1.1 2.9 0.3 0.1 0.4
TMC Multi-Modal Coordination 2.4 0.8 3.2 0.3 0.2 0.5
Transit Center Demand 0.05 0.35 0.4 0.007 0.053 0.06
Responsive Operations
Transit Center Fare & Load 0.4 0.8 0.05 0.05 0.1
Mgmt.

. 0.4
Transit Center Fixed Route 0.1 0.3 0.4 0.02 0.04 0.06
Operations
Transit Center Tracking & 0.3 1.0 1.3 0.04 0.16 0.2
Dispatch

xix

Note: Fed: Federal Stati State or Local Pvt: Private Sector Tot: Total



respectively, for the nationwide implementation of interactive infrastructure information

equipment packages.

The projected cost estimates for the five IVIS-related market packages discussed in this

report probably represent the high end because they are based on the assumption that none of

the ITS technology currently deployed can be retrofitted or used. Also the estimates reflect

some double-counting of costs in the “private” and “consumer” categories, and for components

used in more than one equipment package (the costs of equipment packages are estimated as if

they are stand-alone systems, independent of their intended use with specific market packages).

Costs of different market packages should not be added to estimate the total cost due to double-

counting of infrastructure costs common to several of these market packages.

MS technologies are still under development. Uncertainty about fiture technologies

makes it difficult to project their costs. Thus, the estimates in this report should be regarded as

order-of-magnitude projections that reflect specific assumptions about market penetration and
.

other factors.
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1. iNTRODUCTION

1.1 GENERAL DESCRIPTION OF IVIS

The nation’s surface transportation system is on the brink of an information technology

revolution that will enhance the safety, mobility and efficiency of its roadways. A keystone of

these intelligent transportation systems (ITS) are in-vehicle information systems (IVIS), which

are designed to acquire, filter, prioritize, and display information about the driving environment

to the driver of a road vehicle. For travel on roadways, the itiormation included in an MS

system comprises the set of services called Advanced Traveler Information Systems (ATIS), as

well as other information systems being developed under the U.S. Department of

Transportation’s (DOT’s) ITS program, as well as by many firms.

Currently, many of the MS in the U.S. are ATIS services. ATIS products are being sold

through retail, car rental, and direct sale channels. ATIS products and services currently fall into

one of two categories: (a) live traffic information; and (b) location, route guidance, and navigation

products. Traffic information is generally available to consumers free of additional charge via

existing broadcast and communications services, such as radio, cellular phones and the internet.

Location, route guidance, and navigation products are sold through direct mail and audio and

computer retail channels. These products may require separate purchase of global positioning

system (GPS) and interface hardware, in addition to digitized maps and navigation and routing

software. A recent study by Volpe (1996) provides an excellent update of the coinmercial ATIS

market. In the longer term, further development of MS is envisioned to extend toward dynamic

and real-time vehicle control. These advanced technologies will support the display of real-time

data and information to the driver for eventual translation into a vehicle control activity.

1.2 MOTIVATION

Although the benefits of MS are expected to be sizeable, the costs of implementing these

systems nationwide are expected to be significant as well. Because of the potential of IVIS to

transform transportation, and the anticipated magnitude of their costs, better projections of the

benefits and costs of these systems are needed. Such estimates will enhance the efiicient

deployment of MS, by reducing uncertainty about the financial risks and rewards of these

systems. To date, most studies have concentrated on ITS benefits and only a few on costs. No

1



specific MS cost estimates are currently available. A few cost studies are generally related to

intelligent transportation infrastructure (ITI) (e.g., Stevens and Chin 1992). For the most part,

they are neither sufficiently detailed nor publicly available. Although price information is

available for commercial ATIS products and services that operate inside vehicles, few attempts

have been made to estimate total IVIS costs by combining in-vehicle and infhstructure costs.

One of the few ITS cost studies done thus far was for the national ITS architecture study

(DOT 1996b). This study updated the 1994 Phase I national ITS architecture study by

Rockwell International, Inc. This updated study provides estimates of the costs (i.e.,

expenditures) of implementing ITS services by using information on the unit prices and

quantities of various ITS technologies. An evaluation of expenditures for sample deployments

of ITS services is also included in this study. However, most of the underlying assumptions on

cost information are not detailed, and IVIS costs are not explicitly estimated. Other studies

available in the literature, such as on ITS operational tests and model deployments, do not

provide any detailed, comprehensive cost information.

Ongoing studies are expected to provide more tiormation, and their findings will

complement the estimates made in this report. Intelligent Transportation Systems of America

(ITS America) is currently co-funding two studies on ITS national investment and markets.1 The

f~st of these studies is co-sponsored by the US DOT Joint Program Office. It is analyzing the

public and private investments that will be needed to realize the national goals of ITS

deployment, along with its costs, benefits, and economic impacts. The costs are being estimated

by taking the ITS architecture study’s (DOT’s 1996b) cost estimates for an urban region, and by

using expansion factors, based on the numbers and sizes of U.S. cities, to calculate a national

total. The Electronics Industry Association is the co-sponsor of the other study. Its aim is to

forecast the expected U.S. and international markets for ITS technologies, products, and services

over the next 5, 10, and 20 years.

‘ The reports from these two studies were not published at the time that our study was done. These other reports
are now available (ITSA 1997).



1.3 PURPOSE

The purposes of this report are to develop a cost estimation methodology that makes

projections of the costs of MS and associated infrastructure systems, and to illustrate the

application of this methodology. The illustration of the methodology is limited to personal

vehicles, but it can easily be adapted to commercial and transit MS, and to ITS in general. The

next section of this report gives an overview of each major step of the methodology. The

remaining sections of the report individually describe each step and tabulate the numerical results.
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2. OVERVIEW OF METHODOLOGY

The methodology for estimating the costs of MS-related systems is a “bottom up”

approach that calculates the costs of these systems based on the costs (i.e., prices) of their basic

equipment components. The method consists of the following steps:

(1) Define marketpackage conj?gurations: The methodology takes the national ITS

architecture as its fundamental starting point. In this architecture, ITS technologies provide

services to their users through the deployment and use of integrated market packages of

technologies (such as interactive traveler information). Each market package consists of

equipmentpachmges (such as vehicle route guidance), which in turn consist of components

(such as a geographic information system). The first step of the methodology is to identi~

the relevant market packages and to define their constituent equipment packages, and their

components, consistent with the national ITS architecture. This analysis is described in

Section 3.

(2) Determine prices of components: The next step is to compile individual-component cost

information. This information is obtained from various industry sources. The ITS

architecture study’s cost estimates serve as a starting point for a more detailed compilation

of these estimates. These costs are then used to calculate a total @lecycle cost, which

represents the total capital, operating, and maintenance cost of the equipment over a pre-

determined deployment period (of say 10 years). The corresponding annualized, or

ZeveZized,cost is calculated as well. Section 4 describes the meaning of these costs,

describes the sources of data, and tabulates the component prices.

(3) Make projections ofjiiture costs: Since deployment of any system is typically a multi-year

endeavor, it is necessary to make projections of the fiture costs of the equipment. Various

methods may be used, such as asswning no change in costs, or assuming a fixed percentage

annual increase or decrease. Section 5 discusses this issue and describes how costs were

projected in this study. The approach is to use recent historical data on the price trends of

electronic and other components, and to assume that these price trends will continue. Each

component is categorized into one of four categories of components, the price trends of

each category are statistically estimated, and the estimated equations are applied to project

the future prices of each component.



(4)

(5)

(6)

Dejine deployment scenarios: After the prices of each component are compiled and fiture

prices projected, it is necessary to define the scenario(s) under study. In this study, we

report on calculations for the Urbansville and Thruville scenarios defined in the national

architecture study. These scenarios are intended as being representative of large urban and

interurban deployments, respectively. The highway mileage, as well as other characteristics

of the region in which a system is to be deployed, are parameters that are used to calculate

the number of units of each component that are needed for region-wide deployment, given

some assumptions about the market penetration (i.e., extent of deployment) of the system.

Section 6 describes the deployment scenarios considered in this study.

Make cost estimates: The next step is to calculate the total costs of a regionwide (i.e.,

Urbansville or Thruville) deployment. Data on the current and projected costs of each

component are multiplied by estimates of the number of units of each component needed

each year to calculate the costs of regionwide deployment. lle~ estimates are made of

how much of this total is likely to be paid by personal vehicle owners, private firms, the

federal government, and state and local governments, based on simple fractional splits.

Section 7 describes these results.

Scale estimates to calculate national totals: To gain insight into the total size of the U.S.

market and of the total fi.mdsneeded by different parties (e.g., the federal government), the

region-wide cost estimates are scaled to estimate national totals. This scaling is based on

“expansion-factors .“ These expansion factors are defined by the ratio of the expected

national deployment to the size of the regional deployment, based on the parameters used

to estimate the numbers of units needed of each component for regional deployment (e.g.,

highway mileage). Thus, the ratio o~ for example, total highway mileage in the largest 75

metropolitan areas in the U.S. to the highway mileage in Urbansville is used as an expansion

factor to calculate the total costs of deployment in these cities. Similarly, data on the next

316 largest areas having a population of more than 50,000 in the U.S. are used to calculate

ratios to scale up the cost estimates for Thruville to estimate the total costs in the U.S. for

interurban corridor deployments. Section 8 describes this analysis in more detail.

Together, these steps provide a simple, yet systematic, approach for estimating the costs of

MS-related systems.



3. MS-RELATED MARKET PACKAGES, SUBSYSTEMS, AND EQUIPMENT

3.1 DEFINING IVIS WITHIN THE FRAMEWORK OF THE ITS ARCHITECTURE

The MS defined here are based on the recently completed national ITS architecture study

(DOT 1996a). The national ITS architecture provides a fkamework for designing transportation

systems that implement the ITS user services and that create opportunity for interoperability

across diverse nationwide deployments, while preserving flexibility and choice for the many

implementors. The architecture can be implemented to achieve these benefits in three principal

ways: (1) adaptation or development of consensus standards for transportation products based

on architecture requirements, (2) development of regional architectures that interpret the national

architecture and that tailor it to support integrated regional ITS solutions, and (3) incremental

deployment of architecture compatible systems (DOT 1996a). The modular design concept of

the national ITS architecture allows the incremental deployment of ITS services, taking advantage

of mature ITS technologies to establish an early market for ITS products and services. In

addition, a subset of the national architecture maps well with the Intelligent Transportation

Inliastructure (ITI), designed to be implemented in the 75 largest metropolitan areas within the

next 10 years. ITI will provide the essential ITS infrastructure for the fill range of ITS services.

Figure 3.1 defines MS based on the national ITS architecture, using the in-vehicle signing

market package as a specific example. ITS services are defined in terms of user services that are

provided by specific ITS technologies. The marketpackages provide user services that might be

required by traffic managers, transit operators, travelers, and other ITS stakeholders. A market

package often includes capabilities that span more than one user service. For example, the in-

vehicle signing market package provides two kinds of user services (i.e., en-route driver

information and traffic control). A set of market packages comprises an MIS system.

The market packages are grouped into seven user-services bundles. MS market packages

fall under four of these bundles, i.e., Advanced Traveler Information Systems (ATIS), Advanced

Traffic Management Systems (ATMS), Advanced Vehicle Safety Systems (AVSS), and

Emergency Management (EM). A total of sixteen MS market packages have been identifie~

nine of which belong to ATIS. ATIS market packages provide information on current and near-

future traffic conditions, road hazards on intended routes, and weather conditions, as well as

accommodations, services, and recreation.
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Subsystems define the architecture necessmy for the implementation of market packages.

Subsystems consist of equipment packages that have specific fi.mctions. A combination of

interrelated equipment packages is generally necessary for the implementation of a market

package. Equipment packages may be purchased and operated by different stakeholders. An

equipment package represents a set of equipmenticapabilities that are purchased by an end-user

to achieve a desired capability and thus are also termed “units of deployment.” For the example

of the in-vehicle signing market package in Fig. 3.1, Roadway, Traffic Management, and Vehicle

are the three architecture subsystems. Roadway In-Vehicle Signing, Traffic Management Center

(TMC) Input to In-Vehicle, and In-Vehicle Signing, respectively, are the corresponding

equipment packages within these subsystems for this market package. The vehicle subsystem

encompasses the equipment package inside the vehicl~ whereas, the other two subsystems are

outside the vehicle and thus are infi-astructure-related. The in-vehicle equipment package will be

purchased by the vehicle-user (i.e., owner); whereas, the other two equipment packages provide

information.

Components are the specific hardware andor software that constitute an equipment

package. Examples of components are beacons, controllers, and in-vehicle display monitors.

Wen equipment packages are purchased and deployed or installed, specific component models

are either directly assembled into an equipment package or indirectly selected as part of a pre-

bundled equipment package.

3.2 MS-RELATED SYSTEMS

Table 3.1 lists sixteen market packages identified for personal IVIS based on the national

ITS architecture. Note that these market packages involve significant interaction with the driver

of the vehicle in some form, i.e., physical/visual/audio. Also listed in Table 3.1 are the

equipment packages, which are for both inside and outside the vehicle, for each market package.

Equipment packages necessary inside the vehicle belong to the personal vehicle subsystem;

whereas, most of the infrastructure-related equipment packages outside the vehicle belong to

traffic m’imagementand transit management subsystems..

Table 3.2 lists market packages and equipment packages for commercial and transit MS.

As indicated previously, this report focuses on personal IVIS, so that the packages listed in



Table 3.1. List of Market packages and Equipment packages for personal k-Vehicle Information Systems

PERSONAL VEHICLE SYSTEM

Note: Text withinthe parenthesisindicatessubsystemsto which each equipment package (outside the vehicle) belongs.

LEGEND ATIS: AutomatedTravelerInformationSystem ATMS: AdvancedTraffic ManagementSystems AVSS: AdvancedVehicleSafety Systems
EM: EmergencyManagement ISP InformationService Provider Subsystem PMS: Parking ManagementSubsystem
RS: RoadwaySubsystem TAS: Toll AdministrationSubsystem TCS: Toll Collection Subsystem
TMS: TrafficManagementSubsystem TRMS: Transit ManagementSubsystem



Table 3.2. ListofMarket Packages and Equipment Packages for Co-ercial and Transit In-Vehicle Infomation Systems

COMMERCIAL VEHICLE SYSTEM

I Marker Package I EquipmentPackages (ln.Vehicle) EquipmentPackagee (Oufelde) Equipment Packagea (Outside) 1 EquipmentPackages (Outside) I Equipment Packagas (Outelde) I

,Vo

t
1 1 I I I

i

TRANSIT VEHICLE SYSTEM
MarketPackage EquipmentPeckage (ln-Vehicle) Equipment Packages (Outelde) Equipment Packages (Outalde) EquipmentPackagea (Outslda) Equipment Packagaa (Outalde)

TrrmaiiVehicleTmcfdmr On-boardTtiDMonitoring TransitCenterTracfdngandDispatch(TRMS)

TransitF~ed-RwteOparaUons VehicleDiwel& Swrmrt TransitCenterFMed.RouteOwrationsfTRMS)

DemandResfmnsaTrarrdt On-boardTransitDriverIF TrenaitCenterParatransitOperations(TRMS) InteractiveInfraatruclureInfo(BP)

J’ranaitPasaengerendFeraMamt. On-boardTransitFareandLoedMomt. TrensitCenterFare andLoadMqmLtTRMS)

APTS TransitSewritv On-bard TranskSswritv TranaitCentarSecurity(TRMS) EmerryerrwRasprmseMrtmt.(EM)

TransitMalntenamx On.fmardMsin{enance FleetMairdenaneaMamt,(TRMS)

Muili.mudalCoortfhebrr Cm-boardVehfdeSinnatCo0nlinaUe4r TrendlCenterMulti-ModalcoordinationfTRMS) TMC Mutti-ModatCoordn.fTMS) RoedddeSiinal Prioritv(RS)

Note Textwithintheparenthesisindicatessubsystemstowhicheachequipmentpackage( outsidethevehicle)belongs.

LEGEND: APTS: Advanced Public Transit Systems CVAS:Commercial VehicleAdministrationSubsystem CVCS:CommercialVehicleCheck Subsystem
EM: EmergencyManagementSubsystem FMS:FleetManagementSubsystem

CVO:CommercialVehicle Opertn
ISP Information Provider Subsystem

TMS: Traffic Management Subsystem TRMS: Transit Management Subsystem
RS: Roadway Subsystem



Table 3.2 are not included in the calculations in this report. However, the general methodology

is applicable to these systems as well.

393 SELECTION OF MARKET PACKAGES

It was necessmy to reduce the scope of the study from the sixteen market packages listed

in Table 3.1 to about four or five market packages. The following criteria were used to make this

selection:

a)

b)

c)

d)

e)

If the market package is one of the early market packages identified by the national ITS

architecture study, then it was given priority. Early market packages have been highlighted as

important for early deployment if they meet at least three of the following five criteria:

enabling fimction (i.e., enables fiture deployments of more advanced services), technology

available, standards not required, few institutional issues, and established benefits.

If infi-astructure for the market package is to be developed as a part of implementation of the

Intelligent Transportation Infrastructure in the 75 largest metropolitan areas within the next

10 years, then the package was given priority.

If federal funding is likely to be available to deploy this market package, then it is given

priority.

If there are market packages with functions m common, creating market package synergy,

then such packages were given priority.

Packages with a greater number of different types of benefits (in terms of the six ITS system

goals discussed in the national ITS architecture study) were given priority.

A multicriteria method using the five criteria was used to select from among the various market

packages. Table 3.3 shows the ranking of the market packages using the multicriteria method.

Each market package was evaluated separately on each criterion (a 0-10 scale was used). A 50%

weight was assigned to the “Benefits” criterion. The remaining 50% weight was distributed

equally among the remaining four criteria.

The top-four ranked market packages, as indicated in Table 3.4, were selected for more

detailed consideration in this study. Also, the last-ranked market package was selected to afford

greater diversity to the set of market packages studied. Thus, the following market packages

were selected i.e., (i) broadcast traveler information, (ii) interactive traveler information, (iii)

dynamic route guidance (iv) ISP-based route guidance, and (v) intersection collision avoidance.
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Table 3.3. Characteristics of Market Packages of MS for Personal Vehicles

Market
Early ITI Federal packages

Marketpackage market implemen- filnding with Benefits
package tation necesszuy common

functions
BroadcastTraveler Y Y F ITI 1,2,3,6

Information (BTI)
Interactive Traveler Y Y F BTI, DR, 1,2,3,6
Information (ITI) YPR, IRG
AutonomousRoute Guidance Y NA NA DRG 1,2,6
(ARG)

A Dynamic Route Guidance N Y F ARG, IRG 123469977
(DRG)

T ISP-Based Route Guidance N Y F ITRG, 12346
(IRG) DRG, ITI ““

I IntegratedTransportation N N F IRG 12346
ManagementRouteGuidance

997,

(ITRG)
s YellowPages andReservation N Y F ITI 2,6

(YPR)
DynamicRidesharing(DR) N Y P ITI 1,2,3,6
In-VehicleSigning(IVS) N N P DTP 2,4,6

A Dynamic TolllParkingFee N Y P IVS 5,6
T Management(DTP)
M
s
E Mayday Support(MS) Y N N NA 4,5,6
M

VehicleSafetyMonitoring Y NA NA ISW, LSW 4,6
(VSM)

A LongitudinalSafety N NA NA NA 4,6
Monitoring (LSM)

v Lateral Safety Warning (LSW) N NA NA VSM 4,6
s IntersectionSafetyWarning N N P VSM 4,6

(ISW)
s Intersection Collision N N N Isw 4,6

Avoidance (ICA)

Note: 1 = Increase Transportation System Efficiency 2 = Improve Mobility
3 = Reduce Fuel ~onsumpti& and Enviro&ental Cost 4 = Improve Safety -
6 = Create an Environment for an ITS Market
F = Full Funding Necessary NA= Not Applicable
P = Partial Funding Necessary (when both transit and traffic management architecture subsystems are

not necessary)



Table 3.4. Ranking of Market Packages of MS for Personal Vehicles Based
on the Multicriteria Method

AVSS LongitudinalSafetyMonitoring 4.5
(LSM)

Assumptionsfor the scale used for each criterion (0-10scale)
Early Market Package (No+, Yes=lO)
ITI Implementation (No=O, YesiNA=lO)
Federal Funding Necessary (No=O, Partial=5, FuWNA=1O)
Market Package WICommon Functions (2.5 per Market Package)
Benefits (2 per ITS Benefit Goal)

The selected market packages provide a range of user-services currently being considered in the

IVIS marketplace, and a varying degree of technology maturity.
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4. COST COMPILATION AND CALCULATIONS

4.1 DEFINITION OF LIFE CYCLE AND ANNUAL COSTS

The cost calculation methodology estimates costs at the market package level for a

specific deployment period in a ll~ecycle context. The market package cost is the sum of the

costs of individual components in the equipment packages that comprise the market package,

both inside and outside (i.e., inliastructure) the vehicle. For market packages that include

infrastructure, the life cycle cost includes the initial capital (i.e., non-recurring) cost and the

operation and maintenance (i.e., recurring) cost incurred over the deployment period under

consideration. The life-cycle cost of in-vehicle equipment packages is estimated over the vehicle

life (i.e., typically 14 years for personal vehicles). The cost referred to here is the “retail price”

which includes overhead plus the manufacturer’s cost of production. Thus, what are costs to

buyers or consumers are potential revenues, or market, for vendors.

Life cycle costs are defined in one of three categories, based on which entity is most likely

to pay the costs: vehicle users (i.e., in-vehicle equipment packages); private investors [e.g.,

Information Service Provider (ISP) equipment packages]; and the public sector (e.g. traffic and

transit market packages). Since there exists so much uncertainty over the specifics of MS

technologies, three estimates of costs are made based on engineering judgement and available

information (i.e., High, Medium, and Low). Costs are calculated on an annual basis, including

estimates of fiture costs at various stages of technology development (see Section 5). As an old

component within an equipment package is replaced after its usefi.d life, future costs are then

applied to estimate the life cycle cost. Annual costs on a life cycle basis are estimated in

constant (i.e., 1996) dollars. Present values and levelized costs are also estimated at the market

package level, where a levelized cost is a constant annual cost that if paid over the life of the

system would sum to an amount equal to the present value of the total cost. In its current stage

of development, the methodology does not include the costs of disposing o-fthe equipment, nor

any “external” costs such as those that may occur from the discharge of wastes during the

manufacture of equipment.

Figure 4.1 shows the cost methodology for the IVIS market packages. Two types of

regions (i.e., urban and interurban) were considered. The nature of these market packages dictates



Define Region

Select Market 1 ● Selected Regional IVIS ● Urban( 4

Package(s) Market Package(s)
o Interurban

o Rural

Required Required

Infrastructure In-Vehicle

Eqpt. Packages Eqpt. Packages

t ‘

Economies af

Determine Cost of Eqpt,
D ‘

● Scale Learning Curve Determine Cost of Eqpt,

Package Components Package Components

v \

Equipment Package ~
1

Determine Infrastructure Penetration Rate

Eqpt. Package Costs
Determine the In-Vehicle

Eqpt. Package Cost per

Total no. of IWS Vehicles Vehicle
m

by Region Type

m Regional IWS Market

Package Cost ● Regional IVIS Equipment

Regional Infrastructure ~ Package Cost

Equipment Package Cost
4

National IVIS Market

Package Cost

Fig. 4.1. IVIS cost estimation methodology.
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the type of parameters to be used for the cost calculations for the components of the equipment

package. For example, the number of inductive loops necessary for cost-effective basic road

surveillance differs widely due to varying traffic patterns in different types of regions. The

regions examined correspond respectively to the Urbansville and Thruville regions considered in

the national ITS architecture study for its cost analysis (DOT 1996b). The Mountainville, or

rural, region was not included in our study because market penetration and deployment were

thought to be minimal over the next 10 years. The costs of in-vehicle equipment packages were

estimated on a per vehicle basis, where economies of scale and industry-experience curves are

taken into consideration based on the MS market penetration rate.

4.2 METHODOLOGY FOR COMPILATION OF COST INFORMATION

Listings of the components in each equipment package were compiled on the basis of

information from fi.mctional equipment package descriptions in the national architecture study

(DOT 1996b). Estimates of the costs (i.e., prices) of each component were compiled from the

national architecture study, and from various ITS-related documents, technical papers, and

product literature; and from communications with manufacturers, system integration suppliers,

and consultants. The costs generally include installation and are in year 1996 dollars. The range

of costs reflects variations in geographic markets, product capability, product quality, and

vendor.

Intersection collision avoidance system costs, for example, were estimated based largely

on information on program goals and plans provided by Calspan SILLabout the Intersection

Collision Avoidance Using ITS Countermeasures program sponsored by the National Highway

Transportation Safety Administration (NHTSA) Office of Collision Avoidance Research. These

costs are approximate goals for a system that will probably not be ready to deploy for at least 10

years into the future.

In general, the tabulated costs are upper-bound estimates. They do not explicitly reflect

bulk-purchase discounts. Different organizational entities may purchase some of these

components, and many components such as roadway sensors will be purchased over a number of

years, thereby reducing somewhat any discounts for bulk purchases. Each equipment package is

priced separately. When a combination of packages is purchased and installed, economic savings

can be realized by design of an integrated system with fewer components and shared resources.



These savings were not incorporated into the calculations. Savings might also be realized if

certain functions of an equipment package are dropped. For example, a vehicle route guidance

system may fi.mction adequately without the capability to accept voice commands or to produce

hardcopy. By reducing these requirements, a lower-cost equipment package can be deployed.

These potential savings are not reflected in the cost estimates.

Althougth the costs of the individual components within in-vehicle equipment packages

are listed, these costs were estimated based upon the expectation of an integrated and complete

equipment package ready for installation in a vehicle. These costs are a highly sensitive

competitive parameter and depend greatly on design and quantities produced. With only a few

exceptions, each equipment package (for both in-vehicle and infrastructure-related) was costed as

if it were developed to function without the use of another equipment package.

Tables 4.1 and 4.2 provide descriptions of the in-vehicle and infistructure-related

equipment packages considered and of the assumptions made about their technologies in

compiling their cost itiormation.

The estimated costs are for filly installed systems, and reflect consideration of factors

that affect the number of units required for a system. For example, the Roadway Basic

Surveillance (RBS) equipment package component costs include not only the cost of sensors and

installation, but ako all related electronic circuitry, data logging equipment cabling, and their

installation. The RBS equipment package is assumed to be consistent with the ITS architecture

fictional description and to include traffic sensors such as loops and video detection systems,

surveillance camera systems that transmit traffic images to a manned facility for review, and tag

readers. (Variable message signs, ramp meters, highway advisory radio, road probe beacons, in-

vehicle signing beacons, environmental sensors, and emission sensors were not included as a part

of this equipment package.) The number of RBS equipment package components required is

indirectly linked to the density of traffic and to the number of IVESusers. Sensor density will be

greater in areas with greater potential for traffic flow problems and with large numbers of

vehicles. Sensor deployment will necessarily be gradual and costs may change as new sensor

technologies develop and better traffic measurements are available from such sensors. These

factors are additional reasons why estimates of equipment package costs and of the required

quantity are imprecise, and this limitation should be borne in mind when viewing the results in

this report.
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Table 4.1. Description and Assmptions MadeofIn-Vehicle Equipment Packages

Equipment packages Description Assumptions
Basic Vehicle Reception Allows one way transfer of BIB uses FM subcarrier
(BVR) traffic and transit transmission; no other in-

information from the ISP vehicle equipment packages
provider via BIB to the are installed.
vehicle.

Interactive Vehicle Allows two-way No other vehicle equipment
Reception (IVR) communications between ISP packages instaHed.

provider via III and the
vehicle, with the vehicle’s
driver able to make specific
queries and the ISP to
respond directly to queries.

Vehicle Route Guidance Provides autonomous route Specified system has the
(VRG) planning and guidance to capability to receive traffic

location specified by vehicles information from the
driveq also has the capability infrastructure; for fill
of receiving traffic functionality with ITS
information from the ISP architecture descriptions,
provider and optimizing the voice activation capability
route chosen based on driver and hardcopy printout
preferences and traffic capability are also included in
conditions. the component description.

Vehicle Intersection ControI Provides the capability of Based on NHTSA project on
NC) detecting an impending collision avoidance, collision

collision at a RIC sensing capability is assumed
instrumented intersection and to be located in vehicle not
taking appropriate in the infrastructure;
countermeasure control millimeter wave radar for
actions automatically. collision sensing; no other in-

vehicle equipment packages
are installed.



Table 4.2. Description and Assumptions Made of Infrastructure-Related
Equipment Packages

Equipment packages Description Assumptions
Basic Information Broadcast Collects, processes, stores, FM subcarrier is used for
(BIB) bills, and disseminates transmission.

traveler information
including traveler, transit,
ridematching, traffic, and
parking information.

Collect Traffic Surveillance Collects, stores, and provides Based on the system setup to
(CTS) electronic access to the periodically poll various data

traffic surveillance data. collection points (RBS) for
acquiring sensor data from the
roadway; physical facilities
already exist to house this
system at a Traffic
Management Center.

[nfrastmcture Provided Route Receives origin and Requires the presence of III
Selection (IPRS) destination requests from IVR equipment package already in

equipped vehicles, generates the infrastructure and IVR in
route guidance instructions, the vehicle; equipment
and provides them to the package co-located with III.
vehicle driver.

[interactive Infrastructure Collects, processes, stores, Assumes a distributed
[formation (111) bills, and disseminates processing architecture with a

traveler information central server and linked
“including traveler, transit, workstations whose primary
ridematching, traffic, and function is to service the
parking information in direct requests of individual users;
response to interactive assumes a standalone
traveler request. fimctionality not dependent

on the presence of a BIB
equipment package.
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Table 4.2. Description and Assumptions Made of Infrastructure-Related
Equipment Packages (Cent’d)

Equipment packages Description Assumptions
Roadway Basic Surveillance Capabilities to monitor Assumes the use of loops for
(RBS) trai%c flow through major point sensors, video

intersections and on major processing systems for area
arterials and highways in sensors, and surveillance
urban areas; and to monitor cameras for transmittal of
road conditions using fixed live video images; sensor costs
equipment such as loop per mile stated include
detector and wireline sensors, installation, detection
communications. and data logging equipment,

and all cabling and necessary
electronic components. No.
of surveillance cameras and
video processing systems is 2
per mile and the density of
loops is 3 loops per mile.
RBS sensors are covered only
for 100% of freeway miles
(M) ~d 75% of arterial
miles (art). Distribution of
sensors is as follows: Loops:
75% (fwy) and 50% (art);
surveillance cameras: 100/0
(fwy) and 10% (art); and
video processing systems:
15% (by) and 10% (art).

Roadway Intersection Roadside hardware at an Assumed that the roadside
Collision (NC) intersection necessary for hardware will just provide

implementation of an transmission data concerning
intersection collision the intersection; based on
avoidance countermeasures. present programs sponsored

by NHTSA, intersection
collision sensors assumed to
be only vehicle-based.

Roadway Signal Controls Provides the capability to Sensors for assistance in
(WC) control trafllc signals at optimizing the control

major intersections. fimction are already provided
via the RIM equipment
package.



Table 4.2. Description and Assumptions Made of Infrastructure-Related
Equipment Packages (Cent’d)

Equipment packages Description Assumptions
Roadway Signal Priority Provides the signal controls Assumes the existence of the
(RSP) with the capability of RSC package at that location.

receiving and responding to
priority requests from
emergency or specialized
vehicles.

TMC Multi-Modal Determines the need for Assumes existence of RSP,
Coordination (TMMC) transit vehicle priority and RSC, and the cooperation of

requests priority treatment at the transit and traffic
RSP controlled intersections management facilities.
along the route.

Transit Center Demand Capability to automate the Assumes the existence of
Responsive Operations planning and scheduling for TCFRO equipment package.
(TCDRO) para transit vehicles.
Transit Center Fare & Load Capability to accept collected Assumes the existence of
Mgmt (TCF&LM) data required to determine TCFRO and TCT&D

accurate ridership levels and packages
implement variable and
flexible fare structures.

Transit Center Fixed Route Capability to automate the Cost of equipping individual
Operations (TCFRO) planning and scheduling for transit vehicles is not

fixed-route operations (e.g., included; the equipment
improvements in fixed- package is assumed to handle
routes, printing and data transfers to and from
disseminating schedules, etc). transit vehicles.

Transit Center Tracking & Capabilities for monitoring Cost of equipping individual
Dispatch (TCT&D) transit vehicle locations in transit vehicles for locating is

real time and determining not included; the equipment
vehicle structure adherence. package is assumed to handle

data transfers to and from
transit vehicles and the use of
GPS receivers on vehicle for
vehicle location application.
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In our study, loops were chosen as the primary point-detection sensors, based on present

common practice. Video image processing systems were selected ti representative of area

sensors. Surveillance cameras that transmit images to a traffic management center were also

selected as an important cost component for the RBS equipment package. Costs were estimated

based on point sensors being predominant in deployment since they are the most common and

best understood point of reference for traffic measurements. However, some camera detection

systems were also included in the cost estimate.

Communications costs have a major impact on most of the equipment packages. Wireline

communications estimates are based on leasing lines from a commercial vendor. Ultimately,

communications costs could be a major system expense. A carefi.d cost analysis should be

performed for individual sites to determine whether to lease communications services or to install

dedicated communications lines over the long term. Leased communications may be the best

option during the ramp up phase of implementation. Communications links with the ISP, the

traffic management system, and the transit management system are redundant for fail-safe

operation with each facility carrying the cost of one of its links to the other two.

Costs will often depend on the type of wireless technology selected between the vehicle

and the ISP. Costs calculated here assumed that the wireless equipment is already largely in

place with access via some type of cellular service. If large quantities of data must pass between

the ISP and the individual vehicle, dedicated communications media maybe required to meet

performance expectations, particularly since some of the media available for voice maybe heavily

loaded as wireless applications became more exploited. Implementation of dedicated

communications media will increase costs dramatically due to limited bandwidth availability, legal

costs for setup, installation and hardware maintenance costs. Costs will also vary widely

depending on whether the computing architecture is distributed or concentrated in one or two

facilities.

Because of this study’s focus on personal vehicle systems and related infi-astructure,

estimates of transit systems costs did not include the cost of equipment which must be installed

inside the transit vehicle itself. Costs for the individual equipment packages for transit operations

may be reduced if designed and purchased as a single common system.
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Systems control and data management costs are associated with parts of almost every

equipment package with the exception of the in-vehicle packages. The selection of a distributed

or central architecture can have a profound impact on these costs.

4.3 SOURCES OF COST INFORMATION

Information utilized in the selection of system components and subsequent cost estimates

came fi-oma variety of resources. Original equipment manufacturers (OEM) and systems

integration representatives were consulted for cost information. Several ITS documents and

technical publications were utilized to understand better the requirements for each equipment

package and the technologies available to meet these requirements. Resources utilized in the cost

analysis of in-vehicle systems include information horn products like Zexel Navmate, Siemens

TetraStar, Rockwell Pathmaster, Clarion TravInfo, Sony Telepak, and Trafficmaster Freeway;

and companies such as Densitro~ Oki Electronics, Phillips Business Information systems,

Hyundai Electronics, and Dialogic. Additional information on Intersection Collision Avoidance

equipment package costs were obtained fkom numerous other sources (Pierowicz 1996, Jocoy

1996, Guinand 1995).

Resources for calculations of sensor costs included manufacturers and integrators such as

Econolite, Rockwel~ Golden River, RGA, Cohu, Diamond, Burle, and Peak. Several other

sources were referenced for the RBS estimates (DOT 1996b, Michalopoulos 1992, 1994, Stevens

and Chin 1992). ORNL communications experts and several other sources were used for

communications costs (DOT 1996b, CTIA 1995, Nemzow 1995, Barritt 1996, Kady, NTIA 95-

22, Rickard, 1996). Resources used for transit costs include the following commercial products:

Orbital Sciences Corporation - Orbtrac Systems, Raytheon Transportation Management

Solutions, Harris - FleetLynx, and RockweIl Transportation - Transitmaster, Fleetmaster.

Resources for ISP, TMC, and transit computational systems, software, etc. included PB

Farradyne - Mist, ITS Architecture Cost Analysis - June 1996, ORNL systems experts, Sun

Microsystems, Hewlett Packard, and Digital Equipment Corporation. Several publications fi-om

the literature (Chadwick 1995, Hamit 1996, DOT 1996b) were also used.

Although the cost analysis performed for the national architecture (i.e., DOT (1996b) )

provided initial estimates for some system components, it is advisable to update the estimates

due to the rapid changing nature of ITS technology. Commercial sources of information should
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be used to the extent possible to validate the estimates available horn published sources. Cost

estimates for products not yet in the marketplace were projected based on the cost information

of other currently-available products, that use similar technology.

4.4 COMPILED COSTS

A list of components identified for each of the equipment packages for the five MS-

related market packages, along with their current unit costs, is shown in Table 4.3. For

infrastructure-related equipment packages, these unit costs reflect a certain parameter value,

based on which the number of components needed in a deployment region is calculated. A

detailed fictional description of these components has been compiled in the IVIS software,

including the source of information (to be discussed under Sect. 4.5 and Appendix A). Since each

equipment package (for both in-vehicle and infi-astructure-related) was costed as if it were

developed to fimction without the use of another equipment package, there are some common

components among several equipment packages. Initial unit costs are assumed to be zero for

those components which either already exist, or to be the part of the maintenance cost. Note that

the projected fiture costs of components (to be discussed under Sect. 5) are used in the life cycle

cost calculations after the usel%l life of the initial components expires.

4.5 MS SOFTWARE

Software was developed to implement the methodology in this report. The software is an

information system that systematically lists the costs of IVIS related packages and that calculates

their costs. The fwst of these two fi.mctions is currently operational; the second is under

development and testing (the numerical results in this report were calculated using spreadsheets).

The software is PC-based and operates under Windows 95. The software is designed to

facilitate a systematic approach for listing, documenting, retrieving, and using MS cost data.

Users such as metropolitan planning organizations can apply the software to consider alternative

MS (and other ITS) technology deployments. The software encourages the development of

integrate~ rather than piecemeal, ITS systems by taking the technology-package configurations,

that the national ITS architecture defines, as starting points for user-defined scenarios. Each

scenario consists of one or more market packages (possibly customized). The software

calculates the costs of these market packages (and of the user-defined scenarios) based on region-
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Table 4.3. List of Components of Equipment Packages and
Their Current Unit Costs (1996 $)

Equipment Marketpackagesused
package Componentname Initial unit cost ($)in

DTn DTT mD P. BIB Server 60000

BIB information database 60000

OLD u LA, Ulku JJ

BEI BTI, DRG Ib,uau.
BIB BTI, DRG Inrn T—

BVR BTI, DRG
BVR BTI, DRG
BVR BTI, DRG
CTS BTI, DRG, IRG, i ~1 p
CTS BTI, DRG, IRG, Tm” “
CTS BTI, DRG, IRG, 1
CTS BTI, DRG, IRG, 1

CTS BTI, DRG, IRG, il I b 1a LUUII1
CTS BTI, DRG, IRG, ITI ~ma m-----

CTS BTI, DRG, IRG, ITI (
CTS BTI, DRG, IRG, IT’ ‘
Ill IRG, ITI J
III IRG, ITI 111aervt
m IRG, ITI III Netw
III IRG, ITI
m IRG, ITI ,.- . . ...-”.. .

DID D 11, J./nu

BIB BTI, DRG
BIB BTI, DRG BIB Staffing 100000
BIB BTI, DRG BIB NetworkBackbone 100000
BIB BTI, DRG BIB CommunicationLine leasingDSO 800
BIB BTI, DRG BIB CommunicationLine leasingDS1 1000
BIB BTI, DRG BIB Workstation 5000
n TD n-l-r nD P. BIB Map Database Software 20000

‘---+S Interface o
~m 1rdffic Analysis Software 300000
AM/FM radio with data subcarrier 200
BVRDashMounted LCD 200
BVRExistingAudioSystem o

T-T CTSprocessor 150000
111 CTSNetworkBackbone 20000
IT1 CTSdatabaseandsoftware 40000
ITI CTSStaff 100000
TVT PTO o-——..-:. -.:--- Line leasing DSO 800

flu IIRG, ITI

,lUI1lUILIU1lS
.––..:-..:- -—

111 IRG, ITI 1
Iu IRG, ITI 1
III IRG, ITI 1
III IRG, ITI h 1Ian
IIII IRG, ITI III Map
IPRS IRG Route S
Tnn c m P– x6.- n.

rork Backbone 250000
IHI Real Time Traveler Information Software 400000
1111?’ra..{tPnment so~~e 250000
ImS@ 100000
’111CommunicationsLineleasingDSO 800
111CommunicationsLineleasingDS3 5000
IIIWorkstation 5000
‘“ “–4ic Analysissollware 300000

Databasesoftware 20000
lelectionsoftware 300000

lr&a IJsu lV~dP~dalxt.se Sotiare Upgrade 20000
IPRS IRG IPRSprocessor 5000
IPRS IRG IPRSStaff 100000
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Table 4.3. List of Components of Equipment Packages and
Their Current Unit Costs (1996 $) (Cent’d)

1 I

L\ dtice ch~e I o
n n.-i. Mounted LCD 200

VR Audio system o
‘ointSensor 40000
urveillancecameras+Mount@gHardware 110000

WI staff I 100000
tiC Transmitter 700

‘PnP’~‘~ ‘n--’’-; -”4=msLine leasing
I

800 I

Equipment Marketpackagesused
package Componentname Initial unit cost ($)in

IRG, ‘ITI IVRprocessor 1000
IRG, ITI ~Q. ‘“

IRG, ITI IVk UaSIJJ
IRG, ITI IVRWirelessDataTransceiver I 5001
IRG,ITI 1~

RBS BTI, DRG,IRG,ITI PI
RBS BT1,DRG,IRG,ITI S1
RBS BTI, DRG, IRG, ITI Area Sensor I 7ooooj
RBS BTI,DRG,IRG,ITI R
RIc ICA R
RIc ICA RICprocessor I 500
RSC ICA Trafficcontrollerandlinks 75000
RSP ICA Preemp
TCF&LM BTI, DRG,lTI TCF&I
TCF&LM BTI, DRG,ITI TCF&LMpr
TCF&LM BTI, DRG, ITI T~170.7XX7.

TCF&LM BTI, DRG, ITI T[
TCF&LM BTI, DRG, ITI TL,-ti.v~ ~v.,,,,,u,,,~~,.u,

DSO
TCF&LM BTI, DRG, ITI TCF&LM two way voice (
TCFRO BTI, DRG, IRG, ITI Dispatch Q.IX-.+xK.-._..-
TCFRO BTI, DRG, IRG, ITI TCFRG ~,,
TCFRO BTI, DRG, IRG, ITI TCFRO Transit system J.JZ
TCFRO BTI, DRG, IRG, ITI TCFRO Communications Line leasing DS1 1000
TCFRO BTI, DRG, IRG, ITI TCFRO Communications Line leasing DS3 5000
TCFRO BT1,DRG,lRG, ITI TCFROMapDatabaseSoftware 20000
TCFRO BTI,DRG,IRG,ITI Tcr”n “’-*
TCDRO IRG,ITI TCDROprocessor 25000
TCDRO IRG,IT1 TCDROdatabaseandsoftware 75000
TCDRO IRG,ITI TCDROStaff 100000
TCT&D BT1,DRG,IRG,ITI VehicleLocationInterface 20000
TCT&D BTI, DRG,IRG,lTI Vehicletrackingand Scheduling 60000
TCT&D BTI, DRG, IRG, ITI ScheduleAdjustmentSoftware 50000
TCT&D BTI, DRG,IRG,lTI RealTimeTravelInformation”““ :e 100C”*
TCT&D BTI, DRG,IRG,lTI TCT&Dprocessor 100(
TCT&D BTI, DRG,lRG, ITI TCT&Dnetworkbackbone 100(
TCT&D BTI, DRG,IRG,lT1 TCT&I)Staff 1OO(JUUI
TCT&D BTI, DRG, IRG, ITI TCT&I
TCT&D BTI, DRG, IRG, ITI TCT&L uu,iuuuu,ucauv,,>

.r.mm o-n n.r.’l nnn 7n(-. TTT TP-r o-n n-——.. -:-.. &:---

communications 600
.Mw J L=Wivl~la~=mentSoftware 60000
‘ ‘-ocessor 150000

.-—-:._-.—.——-matab~se 40000

D Workstation 5000
m‘l-----’--’: --- LineleasingDS1 1000

LlblOW ID1l, Umu, lAU, 111 I~u J WJJ WIIIIIIUI1lWKJ1lS Line le=ing DS3 5000
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Table 4.3. List of Components of Equipment Packages and
Their Current Unit Costs (1996 $) (Cent’d)

Equipment Marketpackagesused
package Componentname Initial unit cost ($)

TCT&D BTI, DRG,l;RG, ITI TCT&DWirelessData Transceiver 500
TCT&D BTI, DRG, IRG, ITI TCT&DTwo way voice communications 600
TMCMM ICA Signalcontiolpreemptionsollsvare 20000
TMCMM ICA Interfaceto signalcontrol 7500
WC ICA VICprocessor 1000
VIc ICA VIC Collision sensor 1500
VIc ICA Avoidanceactuators 110
VIc ICA VIC WirelessDataTransceiver 500
VRG DRG, IRG GeographicalInformationSystem 300
VRG DRG, IRG GlobalPositioningSystem/DifferentialGPS 800
VRG DRG, IRG NavigationProcessor 1100
VRG DRG, IRG VRG voicerecognitionsystem 230
VRG DRG, IRG VRG printer 150
VRG DRG, IRG IVRGDashMountedLCD 200
VRG DRG, IRG IVRGWirelessData Transceiver I 500

Legend B.IB:
BTI:
BVR
CTS:
DRG
ICA:
III:
IPRS:
IRG
ITI:
m
RBs:
RIc:

Rsc

RSP:
TCDRO:
CF&LM:
TCFRO:
TCT&D:
TMCMM:
WC
VRG

Basic Information Broadcast
Broadcast Traveler Information
Basic Vehicle Reception
Collect Trafilc Surveillance
Dynamic Route Guidance
Intersection Collision Avoidance
Interactive Infrastructure Information
Infrastructure Provided Route Selection
ISP-Based Route Guidance
Interactive Traveler Information
Interactive Vehicle Reception
Roadway Basic Surveillance
Roadway Intersection Collision
Roadway Signal Controls
Roadway Signal Priority
Transit Center Demand Responsive Operations
Transit Center Fare & Load Mgmt.
Transit Center Fixed Route Operations
Transit Center Tracking & Dispatch
TMC Multi-Modal Coordination
Vehicle Intersection Control
Vehicle Route Guidance
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.

and technology-specific parameters, and offers a variety of report formats for the results. These

costs are listed separately for the different types of parties (i.e., consumers, private investors and

government), who are likely to pay the costs of the different equipment packages that comprise

each market package.

The software offers users several “automated” calculations such as the number of units

that are needed for a particular regional deployment, inilastructure deployment rates, and

projections of fiture component prices using alternative formulae. Users can override these

automated estimates with their own estimates.

The software also allows users to add new model options as information becomes

available on them; to select different alternative models for each component within an equipment

package; and to change the price of each modei. Besides providing MS cost estimates, the

software provides a catalog of information on ITS technologies, including descriptions of various

MS market packages and data sources. Appendix A provides more discussion on the IVIS

software’s capabilities.
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5. PROJECTIONS OF FUTURE COSTS

5.1 PRICE CHANGES OVER TIME

Infrastructure deplo~ent will take place, and the market for in-vehicle systems will

increase, over time. Therefore, to project the life cycle and annual costs of these systems, it is

necessary to take into account changes overtime in the unit costs of their components. AS

technologies develop, learning and economies of scale take place due to higher production volume.

Competition increases, and unit costs generally decrease. As a technology matures, its unit costs

stabilize and track the average rate of inflation. Some technologies’ prices may increase slightly,

net of inflation, while others continue to decline slightly. This section describes how these price

trends were projected for this study. Section 5.2 describes the experience concept, which is

applicable to new technologies. Section 5.3 describes empirical data and statistical estimates of

the price trends of ITS-related commodities. The estimated price equations are subsequently

used in the calculations, summarized in Sections 7 and 8. The results show that many ITS

components are mature technologies, whose prices are slightly increasing over time.

5.2 EXPERIENCE CONCEPT FOR NEW TECHNOLOGIES

The decline in costs during a technology’s early stages of commercialization can be

modeled using the experience concept. This concept, originated by the Boston Consulting

Group, generalizes the learning concept by encompassing all costs (including capital,

administrative, research, and marketing) and tracing them through technological displacement and

product evolution (BCG 1972). Unlike the learning concept, which applies to short-term

improvements in labor productivity, the experience concept applies to long-term improvements

and cost reductions from every conceivable source, including technological improvements, input

substitution, economies of scale, new product design, and changing input prices, as well as labor

productivity improvements. The dynamics of reductions in production cost with increases in

cumulative production volume can be represented using the experience concept as follows:



where CUMf = final cumulative production level,

CUMO = initial cumulative production level,

Cf = cost of producing the final unit,

co = cost of producing the initial unit, and

PR = progress ratio, expressed as a decimal fi-action.

The progress ratio is simikr to the factor “b” in the Iearning curve. It measures the rate of

reduction in cost as cumulative production increases. A progress ratio value of 80°/0means a

20% reduction in cost for each doubling of cumulative production. Progress ratios typically

range from 70°/0to 90°/0,and a value of about 80°/0has been found to characterize a wide number

of industries. The lowest values of PR occur in highly competitive industries such as consumer

electronics and semiconductors with major investment in research and development; the highest

values of PR occur in mature industries with minimum investment in research and development

such as beer and cement. Estimates of possible values of PR are determined from a review of the

literature on the cost structure of newly developing technologies.

5.3 EMPIRICAL PRICE TRENDS

The components of the various equipment packages under consideration were grouped

into four major ITS commodity categories, i.e., (i) communications and related equipment, (ii)

electronic computers and equipment, (iii) commercial pole and line transmission, and (iv) process

control instruments and optical instruments. Each of these four categories was matched with a

Standard Industrial Classification (SIC) category, for which data are published by the Bureau of

Labor Statistics (BLS). Price trends in these commodity categories were estimated statistically

using historical data on the producer price indexes for the corresponding SIC commodity

categories (BLS 1996). The majority of ITS components fall under either the SIC electronic

computers and equipment category, or the SIC communications and related equipment category.

For example, point sensors used in roadway basic surveillance and vehicle location interfaces in

transit center tracking dispatch are grouped under the communications and related equipment

category. Avoidance actuators used in the vehicle intersection control equipment package is an

example of the commercial pole and line transmission category. Figure 5.1 shows the historical

trend in the producer price indexes of the four SIC commodity categories during the past ten

years. With the exception of the electronic computers and equipment category, all other
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Fig. 5.1. Historical trend in the producer price indexes of the four SIC commodity categories
over the past ten years.
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commodity categories show an increasing trend in the producer price index, which seems to be

leveling off during the past few years. These commodity categories with increasing prices are

relatively mature technologies. Some (or all) of these price increases maybe attributed to

improved quali~ and fimctionaIity.

Table 5.1 shows the estimated cost equations for the different ITS commodity categories,

each of which has an excellent fit to the historical data, as shown by its R2 value. Since only the

electronic computers and equipment category shows a decreasing cost trend, the experience curve

(discussed in Section 5.2) was fitted to this category, but not to the other categories. A progress

ratio value of 0.75 was used. The cormnercial pole and line transmission, and the process control

instruments and optical instruments categories, were fitted to quadratic equations. Table 5.2

shows a few illustrative examples of the projected costs of components using the estimated

equations.
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Table 5.1. Estimated Cost Equations for Different ITS Commodity Categories

SIC commodity category ITS commodity category Cost factor equation ~2
and code

Communications and Communications and related 1+0.01It 99.2%
related equipment (1176) equipment
Electronic computers Electronic computers and 1.695x (3.6044+0 .6535t)- 99.8%
and equipment (1 15) equipment 0.415

Electrical machinery and Commercial pole and line l+o.0219t-o.0009t2 99.1%
equipment (117) transmission
Miscellaneous Process control instruments and l+0.0296t-0.0005t2 99.5’%0
instruments (118) optical instruments

Note: t is the number of years.

Table 5.2. Examples of Projected Costs (1996 $) of ITS Components

I ITS commodity category I ITS component
1

Communications and related Point Sensor
equipment
Electronic computers and Workstation
equipment
Commercial pole and line Collision Avoidance
transmission Actuators
Process control instruments Surveillance Cameras
and optical instruments

Projected unit cost ($)

5,000 3,808 3,241

50,000 54,350 56,450

40,000 45,420 49,840
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6. DEPLOYMENT SCENARIOS

Costs of the MS market packages are estimated based on a user-defined deployment

region for a ten-year deployment time frame (i.e., 1997–2007). Section 6.1 describes two regions

for which deployment is assumed. Section 6.2 discusses the market penetration of the

technologies; and Section 6.3 describes how the number of components is calculated.

6.1 DESCRIPTION OF DEPLOYMENT REGIONS

Two regions (i.e., urban and interurban) are considered. The characteristics of these

regions dictate the specific values of the parameters that are used for the cost calculations. For

example, the number of inductive loops necessary for cost-effective basic road surveillance differs

depending on the traffic patterns in different types of regions. The regions examined correspond

to the Urbansville (i.e., urban) and Thruville (i.e., interurban) regions considered in the national

ITS architecture study for its cost analysis (DOT 1996b).

Urbansville is based on the southeast Michigan metropolitan area. The city of Detroit

and portions of Wayne County, Oakland County, and Macomb County constitute the area of

Urbansville. The Thruville area consists of portions of three Pennsylvania counties and four

New Jersey counties, which comprise the I-95 corridor from the Delaware/Pennsylvania state

line to the I-95/I-295 junction in New Jersey. By the year 2007, the Urbansville region is

assumed to contain 2 million household vehicles and a population of 3.4 million people compared

to 0.9 million household vehicles and 1.1 million people for the Thruville region. Table 6.1 lists

the major parameters of Urbansville and Thruville used in the cost estimation. To reflect the

particular year of the study under consideration (i.e., 2007), data from the national ITS

architecture study were adjusted using the average annual growth rate calculated fi-omthe data

given for the years 1992, 1997, and 2002.

6.2 MARKET PENETRATION RATES

The acceptance of ATIS marketplace offerings have been low thus far because they have

not represented a sufficiently different service from competing products or services, given their

price differential. The high price of ATIS products has been the main reason behind the low

marketplace reception. They have largely been limited to date to the car rental market and

business travelers. Traffic information is a laggard among early commercial ATIS offerings as the
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Table 6.1. A List of Major Parameters of Urban and Interurban Regions
for the Ten-Year Deployment Period

Parameter
Value

Urban Interurban
No. of HouseholdVehicles 2,033,833 939,431
No. of Transit Vehicles 2,024 655
Population 3,430,019 1,109,283
Miles of Freeway 225 275
Miles of Arterial Surface Streets 1,701 700
Intersections 2,560 1,040

Source: (DOT 1996c).

existing market defines travelers’ expectations for free and accessible traffic information. There is

skepticism about whether traffic information will be more detailed, complete, action-oriented, or

timely than that available at zero incremental cost from traditional sources, primarily radio

stations. It is envisioned that traffic information will need to be packaged with other services on

a multi-purpose platform to be saleable. Manufacturers of early location, navigation, and route

guidance product offerings are exploring the optimal value trade-off among price, function, market

penetration, and return on investment. In some cases, they are concentrating on a lower price

with a lower function product. A recent report by Charles River Associates (1996) suggests that

development of nationally consistent, good-quality traffic information and national/international

communications standards are needed to provide a significant boost to ATIS market growth.

Charles River Associates has summarized early user acceptance research on ATIS

products (CRA 1996). For private vehicle travel, users are more interested in ATIS information

for long-distance trips than for local trips, and in en-route information than in pre-trip

information. Personal and vehicular security and convenience are the two most favored ATIS

features. For example, the user needs assessment program of the I-95 corridor project indicated

that over 80% of the en-route survey respondents think that an in-vehicle system that warns of

approaching hazards is either very important or somewhat important to have and that they are

willing to pay up to $500 arid $1,500, respectively, for in-vehicle emergency systems and

automatic signal devices for summoning help (’mayday’) (ICC 1995). Business people tend to

be more interested in navigational and delay avoidance capabilities and relatively less interested in

security features than are the people making mostly non-work trips. Similarly, a survey of
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TravTek (an ITS operational test conducted in Orlando during 1990-1994) users indicated that

people are willing to pay $400 each for navigation and route guidance, $300 for up-to-date

information, and $200 for motorist services and tourist information, almost five times less than

the cost of products with lower quality currently available today (Perez, Golembiewski, and

Dennard 1993).

Table 6.2 compares the assumed market penetration rates of urban and interurban regions

for this study with the rates assumed in the national architecture study by the end of the ten-year

deployment period. For the urban region, the assumed market penetration rate is the midpoint of

the range used in the national architecture study; whereas, for the interurban region the lower

range value of the national architecture study was used. The market penetration rates for

interurban regions is in the range of 20-50°A lower than those for urban regions.

The penetration rates given in the national ITS architecture study are mainly based on the

1991 study by the University of Michigan Transportation Research Institute (UMTRI 1991). A

recent survey by Consumer Electronics Manufacturers Association (CEMA) on the need and

acceptance of consumer navigation devices indicates that the ITS market has not changed

significantly since the UMTRI survey, as shown in Table 6.3 (EIA 1995). Less than 1/3 of the

total people surveyed are very interested in ITS features and they are willing to pay up to $500,

which is considerably lower than what is currently available in the market. Although there is

significant interest in advanced vehicle safety systems (i.e., in our case intersection collision

avoidance), significant technical development and potential liability issues related to any

infi-astructure control of vehicles need to be resolved before broad market acceptance will be

realized. For the other two in-vehicle equipment packages (i.e., basic vehicle reception and

interactive vehicle reception), the market penetration rates are assumed to be low, unless the

quality of traffic information improves substantially to justify their costs. The vehicle route

guidance equipment package is currently expensive and significant developments are required to

increase the potential market for this technology. For infrastructure-related equipment packages,

fewer barriers to implementation are assumed, so that infhstructure deployment is assumed to be

completed to a large extent in ten years. Thus, rather high market penetration rates are used in

our calculations for inilastructure packages (Table 6.2).

Table 6.2 shows the major parameter applied to the market penetration rate to estimate

the magnitude of the deployment in a region. Note that the parameters to which the market
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Table 6.2. Assumed Market Penetration Rates of Urban and Interurban Regions
for the Ten-Year Deployment Period

I
Market penetration rate (Yo)

Major Urban Interurban
Equipment packages parameter This Natl. This Natl.

study archi- study archi-
tecture tecture

IN-VEHICLE
Basic Vehicle Reception Hhold Vehicles 7.5 5-1o 5 5-1o
Interactive Vehicle Reception Hhold Vehicles 6.5 3-1o 3 3-1o
Vehicle Route Guidance Hhold Vehicles 4.5 2-7 2 2-7
Vehicle Intersection Control Hhold Vehicles 1 0 1 0
INFRASTRUCTURE
Basic Information Broadcast Miles 100 100 50 100
Collect Traffic Surveillance Miles 100 100 50 0
Infrastructure Provided Route Miles 50 25-75 25 25-75

I Interactive Infrastmcture I Service Volume I 6.5 I1OOI3I1OOI
Information
Roadway Basic Surveillance Miles 100 100 50 100
Roadway Intersection Collision Intersections 1 0-1 1 0
Roadway Signal Controls Intersections 40 30-50 20 0
Roadway Signal Priority Intersections 37 25-50 25 25-50
TMC Multi-Modal Coordination Intersections 100 100 50 100
Transit Center Demand Transit Vehicles 83 66-1oo 66 66-1oo
Responsive Operations
Transit Center Fare & Load Transit Vehicles 83 66-1oo 33 33-66
Mgmt.
Transit Center Fixed Route Transit Vehicles 83 66-1oo 66 66-1oo
Operations
Transit Center Tracking & Transit Vehicles 83 66-1oo 66 66-1oo

Note: Major Paramete~ Hhold Vehicles: No. of Household Vehicles
Miles: No. of Freeway and Arterial Miles
Volume: Peak Service Volume
Intersections: No. of Intersections
Transit Vehicles: No. of Transit Vehicles



Table 6.3. Resul@ofa Sweyon Needad AccepWce of Comumer Navigation Devices

ITS feature
Very interested Not interested

(% user) (0/0user)
Step-by-step directions 32 29
Information about local businesses 17 34
Mileage information 25 27
Sending digital messages 15 44
Receiving messages 17 40
Up-to-the-minute traffic information 20 28
Showing current position on a map 30 27
Review of restaurants and hotels 18 29
Sending emergency distress signals 55 18
Likelihood of purchasing an ITS system 8 46
Amount willing to pay for a complete system (up to 50 36
$500)
Amount willing to pay per month for certain ITS 38 43

- features (up to $10)

Source: EIA (1995).

penetration rates apply are different from the national ITS architecture study. That study, for

example, applied the market penetration rates to the number of transit or traffic management

centers calculated for a 100°/0penetration rate. It is not clear in that study whether there is a one-

to-one correspondence between the market penetration rate and the extent of coverage in terms of

major parameters (e.g., the number of transit vehicles and freeway miles).

6.3 NUMBER OF UNITS REQUIRED

To calculate the regional MS deployment cost, the number of components necessary

within an equipment package is calculated at fwst based on the number of components required

per given parameter (e.g., number of freeway miles, intersections etc.) and the market penetration

rate (discussed in detail in Section 6.2). The deployment rate is assumed to increase uniformly

throughout the deployment period and the assumed market penetration rate refers to the rate to

be achieved in the last year of the deployment period. For example, a 10’%0market penetration

rate in 2007 for the ten-year deployment period would result in a 10/0increase annually in the

market penetration rate, starting in 1997. The costs of in-vehicle equipment packages are

estimated on a per vehicle basis and hence the number of components required is generally one

per vehicle. When the market for in-vehicle equipment packages is calculated, the total number of



components are calculated as the product of the number of components required per vehicle, the

total number of household vehicles in the region, and the market penetration rate of the

equipment package.

Since infrastructure deployment has a spatial aspect geographical parameters are used to

calculate the number of units of each component required for a given region. For example, miles

of roadway, peak service volume (i.e.j in terms of number of MS vehicles), total number of

transit vehicles, and number of intersections are the most commonly used parameters for the

traffic management, information service provider, transit management and roadway-related

equipment packages, respectively. As an example, for a region with 900 transit vehicles, if a

single workstation can handle 300 transit vehicles then the number of workstations needed is

three. The number of components for each deployment year is calculated as the product of the

number of components required per given parameter, the value of that parameter, and the market

penetration rate. This procedure avoids the need to calculate the exact number of traffichransit

management centers. The actual number and location of transithrafflc management centers in a

metropolitan area are likely to be influenced by land use and zoning patterns, political

boundaries, and the number of transit operators within the area, as well as other considerations

that are dil%cult to predict. Economies of scale, and industry-experience curve and empirical

price trends, of the infrastructure-related equipment packages are used to make projections of the

fiture costs of the components, as previously discussed.

The annual number of components required takes into account the replacement of old

equipment, after its useful life has ended, with the new equipment. The annual mix (old versus

new) of components is updated each year as the quantity of replaced equipment is added to the

necessary quantity of new equipment. In several cases (as shown earlier on Table 4.3), where

some equipment packages are common among several market packages, a cost allocation of the

common equipment packages is made. The rule of thumb used is that the cost of an equipment

package is allocated to the market package that needs to be implemented first before the other

market packages. The costs of regional market packages can be aggregated to estimate the

national infrastructure market package cost, based on estimates of the numbers of the different

types of regions nationwide (as done in Section 8).
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7. COST ESTIMATES FOR URBAN AND INTERURBAN DEPLOYMENTS

7.1 REGIONAL DEPLOYMENT COSTS

As mentioned previously five ATIS-related IVIS market packages are considered for this

study. Table 7.1 shows the projected costs of the in-vehicle equipment packages for these five

market packages. This table lists costs on aper-vehicle basis. Table 7.2 lists the projected total

market value of in-vehicle packages sold. Table 7.3 lists the projected costs of the injiastructure-

related equipment packages. Tables 7.4 and 7.5 list the projected costs of the five MS-related

market packages for the urban and interurban regions, respectively, for a ten-year deployment

period. The data in these tables are combined in Appendix B which gives a detailed cost

breakdown by various equipment packages for five MS market packages. For in-vehicle

equipment packages (Tables 7.1 and 7.2), market values are calculated in terms of present value

and annualized cost, instead of life cycle cost and levelized cost. Note that the estimates in all of

these tables reflect different market penetration rates for different market packages. These cost

estimates probably represent the high end since they are based on the assumption that none of

the ITS technology currently deployed can be retrofitted or used. Also the estimates reflect

some double-counting of costs for components used in more than one equipment package.

Life cycle costs of in-vehicle equipment packages are estimated to be the greatest (i.e.,

$10,000Jvehicle) for the ISP-based route guidance market package compared to the lowest cost of

$6001vehicle for the broadcast traveler information market package. The corresponding annual

levelized costs of these in-vehicle equipment packages are estimated to be $1,200/vehicle and

$681vehicle, respectively. The higher cost of in-vehicle equipment packages for the ISP-based

route guidance market package is contributed to some extent by the annual service fee (assumed

to be $325) necessary for the interactive vehicle reception equipment package. Projected annual

market values of in-vehicle equipment packages are in the ranges of $7-$40M and $2-$8M for

urban and interurban regions, respectively, as shown in Table 7.2. The costs of in-vehicle

equipment packages are assumed not to decrease drastically within the next 10 years. The

projected market values should represent the future MS market fairly well because if future

costs are less than those assumed in this study, then it would mean higher penetration rates.

Life cycle costs of infi-astructure for various market packages for an urban region range

horn $87M to $120M as shown in Table 7.4. The corresponding costs of infrastructure for the
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Table 7.1. Projected Costs of the In-Vehicle Equipment Packuges for Five MS-Related
Market Packages for a Ten-Year Deployment Period

Market
Equipment packages packages Ten-year cost ($ 1996)

used in
Life cycle Annual levelized

Basic Vehicle Reception B,D 598 68
Interactive Vehicle Reception 1,S 5,294 605
Vehicle Route Guidance D,S 5,106 584
Vehicle Intersection Control c 4,854 555

Note: B: Broadcast Traveler Information C: Intersection Collision Avoidance
D: Dynamic Route Guidance I: Interactive Traveler Information
S: ISP-Based Route Guidance

Table 7.2. Projected Regional Market Values of the In-Vehicle Equipment Packages for Five
MS-Related Market Packages for a Ten-Year Deployment Period

Equipment packages Ten-year market value ($M 1996)
Urban Interurban

Present
Annualized

Present Annualized
value value

Basic Vehicle Reception 52 7 16 2
Interactive Vehicle Reception 221 31 47 7
Vehicle Route Guidance 280 40 58 8
Vehicle Intersection Control 59 8 27 8
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Table 7.3. Projected Costs of the Infrastructure-Related Equipment Packuges for Five MS-
Related Market Packages for a Ten-Year Deployment Period

Market
Equipment packages packages Ten-year deployment cost ($M 1996)

used in
Urban Interurban

Life cycle
Annual Life Annual

Ievelized cycle levelized
Basic Information Broadcast B,D 2.9 0.4 1.4 0.2
Collect Traffic Surveillance BJ,D,S 3.2 0.5 0.8 0.1
Infrastructure Provided s 0.6 0.08 0.3 0.04
Route Selection
Interactive Infrastructure 1,S 31 4.4 8.6 1.2
Information
Roadway Basic Surveillance B,I,D,S 74 11 20 2.8
Roadway Intersection c 0.03 0.004 0.01 0.001
Collision
Roadway Signal Controls c 70 10 14.3 2.0
Roadway Signal Priority c 10.6 1.5 2.9 0.4
TMC Multi-Modal c 15.8 2.2 3.2 0.5
Coordination
Transit Center Demand 1,S 1.0 0.1 0.4 0.06
Responsive Operations
Transit Center Fare & Load B,I,D 2.0 3 0.8 0.1
Mgmt.
Transit Center Fixed Route B,I,D,S 1.2 0.2 0.4 0.06
Operations

Transit Center Tracking & B,I,D,S 3.3 0.5 1.3 0.2

Dispatch

Note: B: Broadcast Traveler Information C: Intersection Collision Avoidance
D: Dynamic Route Guidance I: Interactive Traveler Information
S: ISP-Based Route Guidance
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Table 7.4. Projected Costs of Five MS-Related Market Packages for the Urban Region for a
Ten-Year Deployment Period

,

Market packages

~
Broadcast Traveler Information 598 68 86.6‘-”- 12.9
Interactive Traveler Information 5,294 605 115.7 17.0
Dynamic Route Guidance 5,704 652 87.6 13.0
ISP-based Route Guidance 10,400 1,189 116.3 17.1
Intersection Collision Avoidance 4,854 555 96.4 13.7

Table 7.5. Projected Costs of Five IVIS-Related Market Packages for the Interurban
Region for a Ten-Year Deployment Period

Market packages

Broadcast Traveler Information
Interactive Traveler Information
Dynamic Route Guidance
ISP-based Route Guidance
Intersection Collision Avoidance

Ten-year deployment cost
In-vehicle Infrastructure

Life cycle Levelized
Life Levelized

($) ($lyr)
cycle
(SM\ ($M/yr)

598 68 24.7 3.5
5,294 605 32.3 4.5
5,704 652 25.1 3.5
10,400 1,189 32.6 4.6
4,854 555 20.4 2.9
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interurban region are in the range of 3 to 6 times lower than the urban region, as shown in Table

7.5. Except for the intersection collison avoidance market package, the necessary infrastructure

has many equipment packages in common among the remaining four market packages. Thus, for

the given projected infrastructure cost, several other MS market packages could also be

implemented at the same time without any additional cost. The major infi-astructure cost among

the common equipment packages are for the roadway basic surveillance and roadway signal

controls, which are estimated to have a life cycle cost of $74M and $70M, respectively, for the

urban region as shown in Table 7.3. Life cycle costs of the interactive infrastructure information

are estimated to be considerably higher (i.e., $3 lM) than one might expect. Recall that the cost of

this equipment package was based on peak service volume, (i.e., number of simultaneous users

ISP can handle), which was calculated based on a market penetration rate of 6.5% of total

household vehicles and a peak service demand at any given time of 10% of the total MS

vehicles. Life cycle costs of transit-related are considerably lower, in the range of $1-$3 .3M for

the urban region. Note that these costs do not include the cost of equipment installed inside

transit vehicles. The levelized (i.e., annualized) cost of infrastructure for these equiprnment

packages closely follow the pattern of the life cycle costs.

7.2 PARTIES LIKELY TO PAY ESTIMATED COSTS

Implementation of the IVIS-related market packages depends on various sectors of the

national economy to produce, operate, maintain, and ultimately use their services. Successful

deployment requires participation by individuals and organizations that are motivated to provide,

purchase, and use each of the necessary system elements. The argument can be made that all

costs of ITS services are to be paid eventually by the users or the general public; and ITS is

envisioned to have a variety of private sector participants, from automobile manufacturers

(OEMS), to telecommunications companies, to product entrepreneurs, to major trucking

companies. However, the focus here is on the point at which the cost is likely to be incurred and

paid by the responsible party.

Table 7.6 shows the parties that are likely to purchase the equipment packages of IVIS-

related market packages. Four parties are identified federal, state or local, private firms, and

consumers. The state or local category includes both state agencies as well as regional and local
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Table 7.6. Parties Likely to Pay Estimated Costs of Various Equipment Packages

Parties likely to pay
Equipment packages Federal State or local

Private
Consumersector

IN-VEHICLE
Basic Vehicle Reception All
Interactive Vehicle Reception All
Vehicle Route Guidance All
Vehicle Intersection Control All
INFRASTRUCTURE
Basic Information Broadcast All
Collect Traffic Surveillance 80% Cap. 20% Cap. +

O&M
Infrastructure Provided Route Selection All
Interactive Infrastructure Information All
Roadway Basic Surveillance 80% Cap. 20% Cap. +

O&M
Roadway Intersection Collision 80% Cap. 20% Cap. +

O&M
Roadway Signal Controls 80’%.Cap. 20% Cap. +

O&M
Roadway Signal Priority 80% Cap. 20% Cap. +

O&M
TMC Multi-Modal Coordination 80% Cap. 20% Cap. +

O&M
Transit Center Demand Responsive 80% Cap. 20% Cap. +
Operations O&M
Transit Center Fare & Load Mgmt. 80’%0Cap. 20% Cap. +

O&M
Transit Center Fixed Route Operations 80% Cap. 20’%0Cap. +

O&M
Transit Center Tracking & Dispatch 80% Cap. 20% Cap. +

O&M
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authorities. The “private” category refers to ITS semice providers (not ITS equipment

manufacturers or system integrators). Since this study concentrates on MS-related market

packages for personal vehicles, “consumers” include only private personal vehicle owners.

Firms’ costs are generally passed onto consumers. But the extent to which this is reflected in “

the data is imprecise.

Although state, regional, and local agencies are responsible for the installation of trafllc-,

transit-, and roadway-related equipment packages, it is anticipated that the role of federal

agencies is likely to remain very significant over the next ten years and that they will provide

much of the necessary initial fb.nding during this period. The Intermodal Surface Transportation

Efficiency Act of 1991 (ISTEA) has authorized a variety of programs, such as the National

Highway System and IVHS Act, which have made possible the importance of federal leadership

in selected areas. Hence, for traffic-, transit-, and roadway-related equipment packages, a large

portion of the initial costs (i.e., capital or non-recurring) is assumed to be paid by federal

agencies, whereas annual operations and maintenance costs are assumed to be paid by state or

local agencies. Cases where replacement and refurbishing of capital equipment can have as much

as 80 percent federal share have not been considered here. Specifically, the calculations reflect an

upper bound of 80°/0on federal fimds for capital expenditures. This percentage is based on

guidelines for the Intelligent Transportation Infrastructure Model Deployment projects.

The equipment packages of MS-related market packages span those that have inherent

public sector characteristics to those that have private sector characteristics. A strong role is

envisioned by the national ITS architecture study for the private sector in the ISP-related

equipment packages (DOT 1996a). ISPS are considered to be the information bundler for the

various ITS information sources, by making the information collected by public agencies available

to final end-users (i.e., inside the vehicles). The estimated costs of three ISP-related equipment

packages considered in this study are therefore assumed to be paid completely (both capital as

well as operations and maintenance) by the private sector as shown in Table 7.6. Costs incurred

by ISPS will be recovered through user fees for the service provided. All costs associated with

in-vehicle equipment packages will be paid by consumers (i.e., private vehicle owners), similar to

the way in-vehicle systems such as radio and stereo systems are maintained today, including

repairs and any recurring costs.



Tables 7.7 and 7.8 tabulate the total costs projected to be paid by each of the four

categories of purchasers of these equipment packages. Table 7.7 is for the urban case, and

Table 7.8 for the interurban case. Since costs of in-vehicle equipment packages are the same as in

Table 7.2 and they are paid by one single category (i.e., “consumers”) these costs have not been

included in Tables 7.7 and 7.8. The federal government share of total life cycle costs is projected

to be the greatest for roadway basic surveillance and roadway signal controls equipment

packages (i.e., $46M and $45M, respectively for the urban region). Similarly, for these two

equipment packages, state or local government might pay $28M and $25M, respectively. Based

on the recent announcements of ITS model deployment initiatives in four U.S. cities, it is

anticipated that some of these costs will be borne by the private sector. For the interactive

infrastructure information equipment package, the private sector is likely to pay the most of the

costs, estimated to be $31M and $8.6M for the urban and interurban regions, respectively. Since

life cycle costs in interurban regions are generally considerably lower than in urban regions, the

public sector share of the total costs is likewise lower.

7.3 COMPARISON WITH OTHER ESTIMATES

The IVIS systems identified here are consistent with the national ITS architecture study

(DOT 1996b). Note that comparisons of cost estimates of this study with other estimates

should only be made at the individual equipment package or market package level due to double-

counting of infrastructure costs common to several of these market packages. No cost estimates

are currently available on equipment packages, except the one recently completed by the national

ITS architecture team.2 Table 7.9 gives the cost estimates (in terms of capital and O&M) of the

ITS architecture study for Urbansville for the equipment packages that are applicable to the IVIS

market packages under consideration here. Cost estimates are provided in 5-year increments

assuming different market penetration rates as shown in this table. An approximate cost estimate

of an MS market package can be determined by adding the costs of all of the necessary

equipment packages. For example, the capital and average annual O&M costs for infi-astructure

related to the dynamic route guidance market package are $68M and $0.4M, respectively

compared to our estimates of life cycle costs and levelized costs of $88M and $13M,

2 Results from the recent ITS America Study were not available when this study was completed (ITSA 1997).
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Table 7.7. Projected Urban Region Costs of the Infrastructure-Related Equipment Packages for
Five MS-Related Market Packages for a Ten-Year Deployment Period,

by Parties Likely to Pay

Ten-year deployment cost ($M 1996)
Equipment packages Life cycle Annual levelized

Fed Stat Pvt Tot Fed Stat Pvt Tot
Basic Information Broadcast 2.9 2.9 0.4 0.4
Collect Traffic Surveillance 0.4 2.8 3.2 0.05 0.45 0.5
Infrastructure Provided Route 0.6 0.6 0.08 0.08
Selection
Interactive Infrastructure 31 31 4.4 4.4
Information
Roadway Basic Surveillance 46.2 27.8 74 6.6 4.4 11
Roadway Intersection Collision 0.02 0.01 0.03 0.002 0.002 0.004
Roadway Signal Controls 45.0 25 70 6.4 3.6 10
Roadway Signal Priority 6.5 4.1 10.6 0.9 0.6 1.5
TMC Multi-Modal Coordination 12.0 3.8 15.8 1.7 0.5 2.2
Transit Center Demand Responsive 0.1 0.9 1.0 0.02 0.08 0.1
Operations
Transit Center Fare & Load Mgmt. 0.9 1.1 2.0 0.1 0.2 0.3
Transit Center Fixed Route 0.3 0.9 1.2 0.05 0.15 0.2
Operations
Transit Center Tracking & Dispatch 0.6 2.7 3.3 0.1 0.4 0.5

Note: Fed: Federal
Stat: State or Local
PvC Private Sector
Tot: Total



Table 7.8. Projected Interurban Re~”on Costs of the Infrastructure-Related Equipment Packages
for Five MS-Related M~ket Packages for a Ten-Year Deployment Period,

by Parties Likely to Pay

Ten-year deployment cost ($M 1996)
Equipment packages Life cycle Annual levelized

Fed Stat Pvt. Tot Fed Stat Pvt Tot
Basic Information Broadcast 1.4 1.4 0.2 0.2
Collect Traffic Surveillance 0.1 0.7 0.8 0.02 0.08 0.1
Infrastructure Provided Route 0.3 0.3 0.0 0.04
Selection 4
Interactive Infrastructure 8.6 8.6 1.2 1.2
Information
Roadway Basic Surveillance 12.3 7.7 20 1.7 1.1 2.8
Roadway Intersection Collision 0.007 0.003 0.01 0.001 0.0 0.001
Roadway Signal Controls 9.1 5.2 14.3 1.3 0.7 2.0
Roadway Signal Priority 1.8 1.1 2.9 0.3 0.1 0.4
TMC Multi-Modal Coordination 2.4 0.8 3.2 0.3 0.2 0.5
Transit Center Demand Responsive 0.05 0.35 0.4 0.007 0.053 0.06
Operations
Transit Center Fare & Load Mgmt. 0.4 0.4 0.8 0.05 0.05 0.1
Transit Center Fixed Route 0.1 0.3 0.4 0.02 0.04 0.06
Operations
Transit Center Tracking & Dispatch 0.3 1.0 1.3 0.04 0.16 0.2

Note: Fed Federal
Stat: State or Local
Pvt: Private Sector
Tot: Total
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Table 7.9. The National ITS Architecture Study Cost Estimates (1995 Dollars) for the Urbansville Scenario for the Equipment
Packages Necessary for the IVIS Market Packages Under Consideration

1-5years 6-10years

Equipmentpackages
Market

Capital cost AnnualO&M
Market

penetrationrate Capital costpenetrationrate AnnualO&M

(%) ($K) cost ($K) (%) ($K) cost ($K)

IN-VEHICLE
BasicVehicleReception 1 3555 0 5 15844 0
InteractiveVehicleReception 0.3 533 320 3 5286 3492
VehicleRouteGuidance 0.3 4266 1813 2 26772 13191
VehicleIntersectionControl o 0 0 0 0 0
INFRASTRUCTURE
BasicInformationBroadcast 100 422 316 100 1337 ‘ 1262
CollectTrafficSurveillance 100 735 136 100 368 203
InfrastructureProvidedRoute o 0 0 25 350 13
Selection
InteractiveInfrastructureInformation 100 359 118 100 1097 471
RoadwayBasicSurveillance 100 16750 910 100 45000 3510
RoadwayIntersectionCollision o 0 0 0 0 0
RoadwaySignal Controls 10 11520 205 30 23040 614
RoadwaySignalPriority 10 1536 13 25 3328 32
TMC Multi-ModalCoordination 100 217 280 100 109 419
TransitCenterDemandResponsive 33 140 1 66 140 2
Operations
TransitCenterFare & LoadMgmt. 33 292 7 66 292 14
TransitCenterFixed Route 33 249 231 66 249 462
Operations
TransitCenterTracking& Dispatch o 0 0 66 1694 535

Source: ITS Architecture:Cost Analysis,FHWA,June 1996,



respectively, as shown in Table B.3. Cost estimates were not made explicitly at the IVIS market

package level in the ITS architecture study. Note that our study assumes a uniform penetration

rate that, after ten years, reaches the midpoint of the range used in the national architecture study

(i.e., higher than the value for the O-5 years period but lower than the 6-10 year period). Our

cost estimates in general appear to be higher because we assume that (i) none of the ITS

technology is currently deployed and (ii) no drastic reduction in component costs (except for

electronic) during the next ten-year period.

The other major source of cost information is the recently completed intelligent

transportation infrastructure deployment database, developed by Oak Ridge National Laboratory

for the Federal Highway Administration. This database provides information on intelligent

transportation infrastructures (ITI) that are operational in the field, in the 75 largest metropolitan

areas in the United States, which are being targeted for full IT1 deployment within the next 10

years. Out of a total of nine components within the ITI, only three components (i.e., traffic

managemen~ fleeway management, and transit management) are applicable for MS market

packages under consideration in our study. Since no cost estimates were reported for transit

management, Appendices C and D show the cost estimates of centralized traffic signal control

systems and fi-eeway management centers, respectively, currently in place in the U.S. As these

tables indicate, the cost estimates do not show any consistent pattern, confirming the difficulty

in developing infrastructure-related cost projections.

Cost data on in-vehicle equipment packages under consideration are limited (particularly

for vehicle intersection control and vehicle route guidance equipment packages), because many of

them are not yet commercially available. A recent update on commercial Advanced Traveler

Information Systems (ATIS) by Volpe indicates a cost range of $1,000-$4,500 for autonomous

route guidance equipment (Volpe 1996). For compariso~ annual user expenditures (in 1995

dollars) for the basic service (which includes only the broadcast traveler information market

package and Mayday service) estimated by the national architecture study are $132, plus $450 in

capital equipment which results in a levelized cost of $192 per vehicle, compared to $68 and

$605 per vehicle for the broadcast traveler information and the interactive traveler information

market packages, respectively, that this study calculates.
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8. SCALING TO NATIONAL TOTALS

Section 7 is a tabulation of the projected costs of deploying selected MS-related systems

in urban and interurban regions, given certain assumptions about market penetration and other

relevant factors. In Section 8, the costs in each of these two regions are aggregated to estimate the

costs for nationwide urban and interurban deployment.

8.1 AGGREGATION METHOD

Aggregation was based on the ratios of the magnitude of specific parameters (e.g.,

populatio~ freeway and arterial miles etc.) in the U.S. to the magnitude of those parameters in

the region. As described in Section 6.3, these parameters are used in the regional estimates to

determine the number of units needed of each component. FHWA data (i.e., Highway Statistics

1995) for 391 urbanized areas having a population greater than 50,000 were used for these

estimates. The national cost estimate for urban regions corresponds to the 75 largest

metropolitan areas targeted for implementation of Intelligent Transportation Infrastructure (ITI)

within 10 years. The remaining, smaller urbanized areas (i.e., 316) were used to estimate the cost

of nationwide deployment of the MS-related market packages in interurban regions. FHWA

data were extrapolated to the year 2007 by assuming 1’?40and 2% average annual growth rates for

urban and interurban regions, respectively. Other parameters (i.e., number of intersections and

number of household vehicles), that were used for the cost estimates, were calculated by

applying the ratio of freeway miles and population, respectively, in the U.S. to the region, to the

regional cost estimates. Table 8.1 compares the major regional and national parameters used to

calculate these ratios.

8.2 NATIONAL TOTALS

Table 8.2 lists projected costs for nationwide urban and interurban implementation of

infi-astructure-related equipment packages. As indicated earlier, two equipment packages are

estimated to be the most costly: Roadway basic Surveillance and Roadway Signal Priority.

Their cycle costs for nationwide urban implementation are estimated to be $3,262M and

$3,981M, respectively. For the interurban region, costs are considerably lower (the costs of

corresponding equipment packages are $877M and $333M, respectively). With the relatively
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Table 8.1. A List of Major Parameters Used in the Regional and National Cost Estimation for
the Year 2007

Parameter Urban Interurban

Regional National Regional National
No. of Household Vehicles 2,033,833 114,943,189 939,431 3,993,7839
No. of Transit Vehicles 2,024 94,581 655 27,837
Population 3,430,019 160,301,958 1,109,283 47,158,754
Miles of Freeway 225 12,716 275 6,403
Miles of Arterial Surface Streets 1,701 70,825 700 38,627
Intersections 2,560 144,680 1,040 24,215

Table 8.2. Projected National Implementation Costs of the Injiasb-ucture-Related Equipment
Packages for Five MS-Related Market Packages for a

Ten-Year Deployment Period

Market Ten-year deployment cost ($M 1996)

Equipment packages packages Urban Interurban
used for Life Annual Life Annual

cycle levelized cycle levelized
Basic Information Broadcast B,D 121 17 32 5
Collect Traffic Surveillance B,I,D,S 135 19 36 4.5
Infrastructure Provided Route Selection s 24 3.4 6.2 0.9
Interactive Infrastructure Information 1,S 1,619 231 264 38
Roadway Basic Surveillance B,I,D,S 3,262 464 877 125
Roadway Intersection Collision c 1.4 0.2 0.2 0.03
Roadway Signal Controls c 3,981 567 333 47
Roadway Signal Priority c 601 86 68 10
TMC Multi-Modal Coordination c 890 127 75 11
Transit Center Demand Responsive 1,S 47 7 11 1.6
Operations
Transit Center Fare & Load Mgmt. B,I,D 95 13 22 3.2
Transit Center Fixed Route Operations B,I,D,S 54 8 13 2.0
Transit Center Tracking & Dispatch B,I,D,S 154 22 36 5.0

Note: B: Broadcast Traveler Information C: Intersection Collision Avoidance
D: Dynamic Route Guidance 1: Interactive Traveler Information
S: ISP-Based Route Guidance



lower costs of regional transit-related equipment packages, nationwide implementation costs o~

for example, the transit center fixed route operations equipment package are estimated to be

$54M and $ 13M, for urban and interurban regions, respectively.

Nationwide implementation costs at the market package level are shown in Tables 8.3 and

8.4 for urban and interurban regions, respectively. A detailed cost breakdown can be found in

Appendix E. Since costs of in-vehicle equipment packages are on a per vehicle basis, no cost

difference is projected between the two regions and between the levels of aggregation (i.e.,

regional vs national). The life cycle infrastructure cost for nationwide implementation of the

intersection collision avoidance (ICA) market package is estimated to be the greatest among the

market packages considered. Whereas, the ISP-based route guidance market package was the

most expensive in the regional cases that were considered. The ICA cost projections are dictated

mainly by the number of intersections, whose difference in values between the regional and

national totals is significantly greater than that for other parameters, as shown in Table 8.1. For

example, for the urban regiou the life cycle infrastructure cost of the broadcast traveler

i~orrnation market package is estimated to be $3,800M compared to $5,400M for the ICA

market package. The corresponding levelized costs are $540M and $780M, respectively.

For in-vehicle equipment packages, the present value is the greatest for the vehicle route

guidance equipment package, among the equipment packages considered here, as shown in Table

8.5. For urban and interurban regions, market values of this equipment package are estimated to

be $16,000M and $2,400M, respectively. The current technology for most of these equipment

packages is fm from being commercialized and it is expected that with the decline in the unit cost

of these equipment packages, the increase in market penetration rates of these equipment

packages will help to maintain the projected market values. The ranges of annualized market

values of these equipment packages are estimated to be $420-$2,300M and $97-$350M, for

wban and interurban regions, respectively.

Tables 8.6 and 8.7 tabulate the total costs projected to be paid by each of the four

categories of purchasers of nationwide implementation of infi-astructure-related equipment

packages. It is estimated that the federal government might pay $2,500M and $2,000M for

roadway signal controls and roadway basic surveillance equipment packages, respectively, for

nationwide urban region implementation. The federal share of the corresponding levelized costs
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Table 8.3. Projected National Implementation Costs (1996 $) of Five MS-Related
Market Packages for the Urban Region for a Ten-Year Deployment Period

Equipment packages

I

Broadcast Traveler Information
Interactive Traveler Information
Dynamic Route Guidance
ISP-based Route Guidance
Intersection Collision Avoidance

In-1
Life

cycle
I ($ per

vehicle)
600

5,300
5,706
10,406
4,854

hicle

Levelized
($lyr per
vehicle)

68
605
652
1,189
555

Infras

Life cycle
($M)

3,821
5,352
3,868
5,390
5,473

ucture

Levelized
($M/yr)

543
762
550
767
780

Table 8.4. Projected National Implementation Costs (1996 $) of Five MS-Related
Market Packages for the Inteno%an Region for a Ten-Year Deployment Period

Equipment packages

Broadcast Traveler Information
Interactive Traveler Information
Dynamic Route Guidance
ISP-based Route Guidance
Intersection Collision Avoidance

Life
cycle
($ per

*

5,300
5,706
10,406
4,854

bicle

Levelized
($lyr per
vehicle)

68
605
652
1,189
555

Infras

Life cycle
($M)

1,016
1,255
1,027
1,265
476

ucture

Levelized
($Mlyr)

145

180
146
180
68
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Table 8.5. Projected National Market Values (1996 $) of the in-Vehicle Equipment Packzrges for
the Five MS-Related Market Packages for a Ten-Year Deployment Period

?
Urban Interurban

Present
Equipment packages Annualized P:::t Annualizedvalue

($M) ($Mlyr) ~M ($M/yr)

Basic Vehicle Reception 2,948 420 683 97
Interactive Vehicle Reception 12,476 1,776 2,001 285
Vehicle Route Guidance 15,843 2,256 2,447 348
Vehicle Intersection Control 3,332 474 1,158 165

Table 8.6. Projected National Urban Re~”on Implementation Costs of the Equipment Packages
for the Five MS-Related Market Packages for a Ten-Year Deployment

Period, by Parties Likely to Pay

Ten-year deployment cost ($M 1996)

Equipment packages Life cycle Annual levelize
Fed Stat Pvt Tot Fed Stat Pvt

Basic Information Broadcast 121 121 17

Collect Traffic Surveillance 16 119 135 2 17

Infrastructure Provided Route 24 24 3.4
Selection
Interactive Infrastructure 1,619 1,619 231
Information
Roadway Basic Surveillance 2,025 1,237 3,262 288 176

Roadway Intersection Collision 0.9 0.5 1.4 0.1 0.1

Roadway Signal Controls 2,545 1,436 3,981 362 205

Roadway Signal Priority 369 232 601 53 33

TMC Multi-Modal Coordination 681 209 890 97 30

Transit Center Demand Responsive 6 41 47 1 6
Operations
Transit Center Fare & Load Mgmt. 44 51 95 6 7

Transit Center Fixed Route 15 39 54 2 6
Operations
Transit Center Tracking & 31 123 154 4 18
Dispatch

Note: Fed:
stat:
Pvt
Tot:

Federal
State or Local
Private Sector
Total

-m

567

13
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Table 8.7. Projected National Interurban Region Implementation Costs of the Equipment
Packages for the Five MS-Related Market Packages for a Ten-Year

Deployment Period, by Parties Likely to Pay

I Ten-year derdovment cost ($M 1996) I. A. . .

Equipment packages Life cycle Annual levelized
Fed Stat Pvt Tot Fed Stat Pvt Tot

Basic Information Broadcast 32 32 5 5
Collect Traffic Surveillance 4 32 36 0.6 3.9 4.5
Infrastructure Provided Route 6.2 6.2 0.9 0.9
Selection
Interactive Infrastructure 264 264 38 38
Information
Roadway Basic Surveillance 0.1 0.1 0.2 77 48 125

Roadway Intersection Collision 544 333 877 0.02 0.01 0.03
Roadway Signal Controls 213 120 333 30 17 47
Roadway Signal Priority 42 26 68 6“ 4 10
TMC Multi-Modal Coordination 57 18 75 8 3 11
Transit Center Demand Responsive 1 10 11 0.2 1.4 1.6
Operations
Transit Center Fare & Load Mgmt. 10 12 22 2.0 1.2 3.2
Transit Center Fixed Route 3 10 13 0.5 1.5 2.0
Operations
Transit Center Tracking & Dispatch 7 15 22 1 4 5

Note: Fed: Federal
Stat State or Local
Pvt: Private Sector
Tot: Total

of these equipment packages is $360M and $290M, respectively. The private sector is likely to

pay the most for the interactive infrastructure information equipment package. Its life cycle

costs are projected to be $1,600M and $260M for urban and interurban regions, respectively.

Note that these estimates are likely an upper bound. A significant reduction in the share of the

public sector cost is anticipated should there be significant reduction in the costs of these

equipment packages, as commercialization of these technologies progresses and as more cost

sharing takes place between Iocalktate governments and the private sector.

60



1

REFERENCES

Barritt (1996) “Radio Spectnrn Issues Confronting Intelligent Vehicle-Highway Systems,” Keith
Barritt found at http://www.fi.com/pubs/kxb2.html.

Boston Consulting Group (BCG) (1972) “Perspectives on Experience,” Bosto~ MA.

Bureau of Labor Statistics(BLS)(1996) “PPI Detailed Report,” U.S. Department of Labor,
Washington, DC, various issues.

Chadwick (1995) “A New, Robust, High Data Rate Digital FM Subcarrier System for Mobile
ITS Applications,” D. J. Chadwick J. W. Marshall, et al. Intelligent Vehicles 95,
September 25-26, 1995.

Charles River Associates Incorporated (CRA) (1996) “User Acceptance of ATIS Products and
Services: A Briefing Book on the Current Status of JPO Research,” CRA Project No. 852-
02, BostoU MA, March.

CTIA (1995) “Wireless Systems and Technology,” Chapter 4 of publication CTIA 1995, found
at http://www.its.bklrdoc. gov/pub/rural/sec4 1.html.

Department of Transportation (DOT) (1996a) “ITS Architecture: Implementation Strategy,”
Federal Highway Administration, Washington, DC, June.

Department of Transportation (DOT) (1996b) “ITS Architecture: Cost Analysis,” Federal
Highway Administration, Washingto~ DC, June.

Department of Transportation (DOT) (1996c) “ITS Architecture: Evaluator Design,” Federal
Highway Administration, Washington, DC, June.

Electronic Industries Association (EIA) (1995) “Need& Acceptance of Consumer Navigation
Devices,” EIA Market Research Department, Washington, DC, April.

Federal Highway Administration (FHWA) (1996) “Highway Statistics: 1995,” Report No.
FHWA-PL-96-O 17, U.S. Department of Transportation, Washington, DC.

Guinand (1995) “Low Cost Sensors for Collision Avoidance Applications,” Yves Guinand,
Norrih Valayden, et al., Intelligent Vehicles 95, September 25-26, 1995.

Hamit (1996) “SpotMagic’s IDVMEDIA: Sending Commercial images over FM radio,” Francis
Hami$ Advanced Imaging, November, 1996.

I-95 Corridor Coalition (ICC) (1995) “Task 2: Assessment of User Information Needs and
Technology Preferences,” Report No. I-95 CC 6-95-02, Prepared by Urban Engineers, Inc.,
Philadelphia, PA, August 18.

61



Intelligent Transportation Society of America (ITSA) (1997) “ITS National Investment and
Market Analysis: Task C - Identification of Investment Requirements,” Washington, DC.

Jocoy (1996) “Radar sensors for intersection collision avoidance,” E. H, Jocoy, W. G. Phoel,
SPIE conference November, 1996.

Kady “Electronic Messaging Using Vehicle-To-Roadside Communications,” Mark Kady and
Peter Shloss found at http://www.delco.com/techpapers/tech_messaging.htrnl.

Michalopoulos (1992) “Intersection Control Through Video Image Processing,” Panes
Michalopoulos, PB93-123321, July, 1992.

Michalopoulos (1994) “Development and Field Deployment of a Machine Vision Based
Incident Detection System,” Panes G. Michalopoulos, Craig A. Anderson, Richard D.
Jacobson, Paper #94012, IVHS America, April, 1994.

Nemzow (1995) “Implementing Wireless Networks,” Martin Nemzow, McGraw Hill Publishing,
1995.

NTIA 95-22, “Survey of Rural Information Infrastructure Technologies,” NTIA Special
Publication 95-22, September, 1995.

Perez, W. A., G. A. Golembiewski, and D. Dennard (1993) “Professed Willingness to Pay for
TravTek Features,” IEEE/IEE Vehicle Navigation& Information Systems Conference,
Ottawa.

Pierowicz (1996) “Development of an In-Vehicle Intersection Collision Countermeasure,” John
Pierowicz, SPIE conference November, 1996.

Rickard (1 996) “Internet Architecture,” Jack l?ickar~ Boardwatch Magazine, 1996.

Stevens, S. S. and S. M. Chin (1992) “Cost Estimates for Near-Term Deployment of Advanced
Traffic Management Systems,” draft report, Oak Ridge National Laboratory, Oak Ridge,
TN, October, 15.

University of Michigan Transportation Research Institute (UMTR.1)(1991) “The Future of
Intelligent Vehicle Highway Systems Revisited A Delphi Forecast of Selected Markets,”
IVHS Technical Report #92-1, Ann Arbor, MI.

Volpe National Transportation Systems Center(Volpe)(1996) “An Update of the Commercial
ATIS Market,” prepared for the U.S. Department of Transportation, Joint Program Office
for Intelligent Transportation Systems, March 7.

62



APPENDIX A

IVIS SOFTWARE DESCRIPTION





ITS COST INFORMATION SYSTEM DESCRIPTION

The Intelligent Transportation Systems Cost Information provides a means of

organizing and retrieving information about the components of intelligent vehicle systems,

including both in-vehicle and infrastructure-related equipment; and of using this itiormation to

calculate deployment costs for the user-defined scenarios. ITS systems are defined based on

the national ITS architecture. This information system provides price data, equipment

descriptions, and data-source documentation. The data base contiins information for all of the

components of the five market packages considered in this study. Users of the software can

edit this information. Software users can enter baseline or “master” data on different models

for the various components of the equipment packages; define scenarios; and catalog cost

65

information. In addition,

there are user-interfaces for

other modules that allow

users to “build” their own

deployment scenarios and

to calculate their costs. The

soflsvare allows users either

to build a scenario or to

update the master database

by means of sequential

steps, implemented in the

software by differentFig, A.1. Opening screen of the ITS Cost Information System software.

screens.



Fig. A.2. Scenario definition screen.

Figure A. 1 shows the

opening screen of the software

(version 7.2.98) which contains

the Main Menu. The “Selection”

option allows the user to add a

new, or modi~ an existing,

deployment scenario. If the user

chooses to define a scenario, a

screen is displayed with an upper

and lower section, as shown in

Figure A.2. The “Scenario Tree

View” is always displayed in the lower part of the screen. The upper section displays a series

of tabs where the user can enter information about the scenario. After a deployment scenario

is created, the user can add ancUorremove market package(s) associated with the scenario as

shown in Figure A.3. The user can also choose and edit “Models” or ITS equipment

associated with the scenario. A description of the market packages, equipment packages, or

equipment components can be

obtained by clicking on the

“Description” button, as shown

in Figure A.4.

Fig. A.3. Market package in scenario screen.
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Fig. A.4. Market package description.

Besides defining

deployment scenarios under the

“Selection” option, it also allows

maintenance of user-defined

master market packages,

equipment packages, components,

and models including editing data

within the models. For example,

the “Equipment Packages

Maintenance” screen as shown in

Fi~e A.5 provides a means of editing the name, description, and components associated with

an equipment package. The screen displays one equipment package at a time and a list of

components that comprise that equipment package. The user can then add or remove

components fi-omthat equipment package. Components are added by selecting from a list of

all components, which is displayed when the “Add to this Equipment Package” fi.mction is

activated.

Similarly, tie

“Components Maintenance”

screen allows editing,

creation, and deletion of

components. Items that can

be edited include the name,

description, and the default

model. From this screen, the

user can go directly to the

“Component Models” screen

for editing the models
Fig. A.5. Equipment package maintenance screen.
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associated with the component. The default model for a component is the model that is

automatically assigned to a component when defining a scenario. A component maybe

deployed through any one of several models, but can have only one default model at a time.

Any model that is listed for a component can be used depending on the needs of the particular

scenario, selected at the discretion of the user.

The “Component Model” screen is used to create, edit, and remove models. There are

three ways to enter this screen.:

The “Edit Master Models” under the option “Selection” brings up the component

model screen. This screen displays one model at a time and allows the user to select

other models by using the arrow buttons at the bottom of the screen. A list of all

models on the database sorted by model name is displayed when “Lookup” is

selected.

If the user is editing a component in the “Components Maintenance” screen, the

models screen can be entered by clicking on the “Edit Model” button. Only the

selected default model associated with the particular component being edited will be

displayed.

From the “Scenario Tree View” (i.e., the lower half section of screen) on the

“Scenario Definition” screen the user can enter the component models screen by

selecting the model and clicking on the “Edit” button. Doing so will display the

“Scenario Component Model” screen, This screen will allow the user to edit

component model information specific to that scenario without changing the master

component model record. To change the component model for a particular

component in a scenario, the user can display the list of assigned models for a

component by selecting the component and clicking on the “Edit” button. A list of

all of the models that maybe used for that particular component will be displayed

and a different component model can be selected. Only one model can be selected for

one component. By default, the default model is assigned to the component. In the

models screen several tabs allow for the editing of costs as shown in Figure A.6.

These screens are also the heart of the user interfaces for the cost calculations

provided by the ITS software.
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The “Tree View”

display at the bottom of

the “Scenario Deftition”

screen Figure A.2 shows

the hierarchical relations

of all of the ITS

components. The

software comes with a set

of basic market packages,

equipment packages,

components, and
Fig. A.6. Models’ cost data editing screen.

component models. This “Tree View” also shows user-defined scenarios and the market

packages that the user has selected for the scenarios. The user can then go down the tree and

observe the various levels of detail within a scenario. At the “leaf level” of the tree, the user

can then define the component models to be implemented with a particular scenario.

The menu on the

top of the “Scenario

Definition Screen” gives

the user access to the

reports. Figure A.7

displays the reports

sub-menu and all the

available reports. A

sample “Detail

Deployment Summary”

report is included at the

back of this appendix.
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The system also lets users compare the cost of up to five scenarios. There are four different

ways the calculated costs can be compared: (i) undiscounted life cycle cost, (ii) discounted life

cycle cost, (iii) levelized cost, and (iv) parties likely to pay. Figure A.8 displays the result of

comparing the parties likely to pay cost for two scenarios.

Parties likely to pay
LifeCycle Coel Undiscounted- LOW

NalionalAfchitec!ure - Urban

NationalAfchitec!ure- interurban

Cost (in millions)

H Consumer ❑ Private❑ State/Local_ Federal

c H*
... . .. .. . . . .. . . .. .. . .. . .

c. H* c H* i

Fig. A.8. Scenario cost comparison.
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Operating system

requirements for the

software are Windows 95

or MS NT 4.0, and 10-

15 MB of available disk

space. The software was

developed in Visual Basic

5.0. MS Access software

is used for the database.



Table A, 1, A Sample Detailed Deployment Summary Cost Report

Detailed Deployment Cost

Scenario Name: Ntitional Architecture -- Interurban

Region: Thruville
Description Scenario used in the national architecture 1996 study.

Discount ‘Rate: 5V0

Deploy mcrrt Years: 10

Pro]ectcd at End of Dcployrnent

Freeway Miles: 275
Arterial Miles: 490

Intersections: 1,040
Population: 939,43

Number of Transit Vehicles: 655
Number of Household Vehicles: 939,43

Peak Scrvicc Volume: 0.10

Deployment Year: 1997
4

Percent of Total Deployed This Year: 10%

Market Package: Broadcast Traveler Information

Equipment Package: Basic Information Broadcast
QUANTITY

Ncw Replaced Total Left to be
Model Name This Year Old New + Replaced CumnJ3cployed
BIB Server 1 0 1 10
BIB StatXng 1 0 1 10
BIB Traflic Analysis Sotlware 1 0 1 10
Broadcast Interfaee 1 “o i“ 10
BIB Map Database Soflware 1 0 1 10
BIB Workstation 1 0“1 11
BIB Communication Line leasing DS1 1 0 1 10
BIB Communication Line leasing DSO 1 0 1 10
BIB Network Backbone 1 0 1 10
BIB information database 1 0 1 10

Total for Equipment Package Basic Information Broadcast

Undiscounted Cost (’98$)
Low Medium High

$38,111 $57,167 $142,919
$105,104 $131,381 $157,657
$142,919 $285,838 $714,596
$103,680 $248,833 $311,041

$9,527 $19,055 $71,459
.$2,858 $4,763 $11,433
$5,702 $19,699 $46,656
$1>244 $1,866 $3,110

$62,208 $103,680 $155,520
$42,875 $57,167 $95,279

$514,233 $929,454 $1,709,674





APPENDIX B

PROJECTED REGIONAL COSTS OF FIVE IVIS MARKET PACKAGES





Table B.1. Projected Costs (1996dollars) of the Broadcast Traveler ln~omation Market
Package for Urban andlnterurban Regions for a Ten-Year Deployment Period

I I Life cycle cost I Levelized cost I

I Equipment packages ($M\ ($M/year)
Urban Inter Urban Inter

Basic Vehicle 598 X 10-6 598 X 10-6 68 x 10-6 68 x 10-6IN-VEHICLE

INFIUV3TRUCTURE

Reception /vehicle /vehicle /vehicle /vehicle
Basic Information 2.9 1.4 0.4 0.2
Broadcast
Collect Traffic 3-2 0.8 0.5 0.1
Surveillance
Roadway Basic 74 20 11 2.8
Surveillance
Transit Center Fare & 2.0 0.8 0.3 0.1
Load Management
Transit Center Fixed- 1.2 0.4 0.2 0.06
Route Operations
Transit Center 3.3 1.3 0.5 0.2
Tracking & Dispatch
TOTAL 86.6 24.7 12.9 3.5
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Table B.2. Projected Costs (1996 dollars) of the Interactive Traveler Information Market
Package for Urban and Interurban Regions for a Ten-Year Deployment Period

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
Interactive 5,294 X 10-b 5,294 X 10-6 605 X 10-6

IN-VEHICLE
605 X 10-6

Vehicle Reception /vehicle /vehicle /vehicle /vehicle
Interactive 31 8.6 4.4 1.2
Infrastructure
Information
Collect Traffic 3.2 0.8 0.5 0.1
Surveillance
Roadway Basic 74 20 11 2.8
Surveillance
Transit Center 2.0 0.8 0.3 0.1

INFRASTRUCTUM Fare & Load
Management
Transit Center 1.2 0.4 0.2 0.06
Fixed-Route
Operations
Transit Center 3.3 1.3 0:5 0.2
Tracking &
Dispatch
Transit Center 1.0 0.4 0.1 0.06
Demand
Responsive
Operations

TOTAL 115.7 32.3 17.0 4.5
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Table B.3. Projected Costs (1996 dollars) of the Dynamic Route Guidance Market Package for
Urban and Interurban Regions for a Ten-Year Deployment Period

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
IN-VEHICLE Basic Vehicle 598 X 10-6 598 X 10-6 68x 10-6 68x 10-6

Reception /vehicle /vehicle /vehicle /vehicle
Vehicle Route 5,106 X 10-6 5,106 X 10-6 584x 10-6 584 X 10-6
Guidance /vehicle /vehicle /vehicle /vehicle
Basic Information 2.9 1.4 0.4 0.2
Broadcast
Collect Traffic 3.2 0.8 0.5 0.1
Surveillance
Roadway Basic 74 20 11 2.8
Surveillance
Transit Center 2.0 0.8 0.3 0.1

lNFIL4STRUCTURE Fare & Load
Management
Transit Center 1.2 0.4 0.2 0.06
Fixed-Route
Operations
Transit Center 3.3 1.3 0.5 0.2
Tracking &
Dispatch
Transit Center 1.0 0.4 0.1 0.06
Demand
Responsive
Operations
TOTAL 87.6 25.1 13.0 3.5
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Table B.4. Projected Costs (1996 dollars) of the ISP-Based Route Guidance Market Package for
‘Urban andlnterurban Regions for a Ten-Year Deployment Period -

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
IN-VEHICLE Interactive Vehicle 5,294 x 10-b 5,294 x 10-6 605x 10-6 605X 10-s

Reception /vehicle /vehicle /vehicle /vehicle
Vehicle Route 5,106 X 10-6 5,106 X 10-6 584x 10-6 584 X 10-s
Guidance /vehicle /vehicle /vehicle /vehicle
Interactive 31 8.6 4.4 1.2
Infrastructure
Information
Infrastructure 0.6 0.3 0.08 0.04
Provided Route
Selection
Collect Traffic 3.2 0.8 0.5 0.1
Surveillance
Roadway Basic 74 20 11 2.8

mmwwcm Surveillance
Transit Center 2.0 0.8 0,3 0.1
Fare & Load
Management
Transit Center 1.2 0.4 0.2 0.06
Fixed-Route
Operations
Transit Center 3.3 1.3 0.5 0.2
Tracking &
Dispatch
Transit Center 1.0 0.4 0.1 0.06
Demand
Responsive
Operations

TOTAL 116.3 32.6 17.1 4.6
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Table B.5. Projectd Costs (1996dollms) oftielntersection Collision Avoidance Market
Package for Urban and Interurban Regions for a Ten-Year Deployment Period

I Life cycle cost I Levelized cost [
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
Vehicle 4,854 X 10-6 4,854 X 10-6 555 x 10-6 555 x 10-6IN-VEHICLE

INFIU4STRUCTURE

Intersection -/vehicle “/vehicle /vehicle
Control

/vehicle

Roadway 0.03 0.01 0.004 0.001
Intersection
Collision
Roadside Signal 10.6 2.9 1.5 0.4
Priority
Roadway Signal 70 14.3 10 2.0
Controls
TMC Multi- 15.8 3.2 2.2 0.5
Modal
Coordination I

TOTAL 96.4 20.4 13.7 2.9
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APPENDIX C

SUMMARY OF COST ESTIMATES OF CENTRALIZED
TRAFFIC CONTROL SYSTEMS CURRENTLY IN THE U.S





Table C. 1. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S.

co
us

city, state infrastructure Coverage Area Freeway Capiwi cost Annual
Name

Personnel Commcots
Milts (Sk) Operating (No.)

Bsrdgct(Sfi)
Mfas@ CiA Transpcstation 1-7Sand 1.8S inside of USC1-285 50 137mff 3000 34 The initial ccpitai csmstsssctioncost of

Management Center perimeter $i37,000,000 covers sireentire ATMS
fTNIS, 6 TCCS, and Maria’s opcrtrhon

Bafticnore,MD SHA TrWIc
ccnlcr).

Currcot coverage with current 2m NA
Operations Center

433 4 The primary function of this Trafiic
rkploymcnt 400 miles. Brttlimorc Operations Ccmcr is mcidcrn managcmcni

~~OJ Golden Ring Beltway (l-695), I-95 norsh& The annual opcratmg budgcl M $ i 3 miiiion
southof 1.695, l-g3, i-795, MD- fur the Sii.\ lrJffiC @erfilionj ( “cnlcr
295, and various arkrials around Golden Ring Kfall, Silt\ Tra~lc Optrmltm,
the Bairimorc mcSropolimrrarea. Center College PJI~, anti Ihc SI.,IC
Cu[rcm dcpioymcnt is ioosc (i.e. Opcraltons CeIIkI
cquipmwrl is very far apart)
Future covcragc wi~ iiuure
deployment: 400 miles (same
roulcs as cccrrcntcovcragc), with
much cioscr deployment of
equipment(IL? - 1 mile deteclion
spacingsand I -2 miic CCf’V
spacingson some rorctcsand
iotcrstalcs.

IWrssore, MD Statcwirtc Opcsstions ifiDOmiica 500 NA 433 i8 The annual operating budget is $ i.3 miiiion
Center (SOC) Current covcragc: This ccntcr for shc SHA Traff!c Operations L’cmcr

provides coverage for she areas Golden Ring htali. SiiA Traftlc opcratt,m~
of USCstate that am not currently Ccnler C(rllcgc Pwk, and Iile SI;IIC
covered by the other ToC’s; as Opcraliwrs Cmkr
WCIIas consrolfor the oshcrTOC’S
areaswhen they arc not in
opcrakrn. Tlris caucr is built to
accommodateaoy tirtssrcgrowth
in the state’sATMS program.
Future coverage:
Same as above pius 1-68, i-97,
1-70, US-50, and other major
artcriais and intcrstatcsthrmr@mst
the slate of Maryiasrd.

Bocton, LawrcrsWo Regional TrWtc Sous.hcastExpressway (i.93), 52 7mo NA NA A Tcmpbrary Tra~lc Opcralions Center
sarcm,MA Operations Center i-95/SR-l 28 corridor, and 1-93 (TOC) has been in operation since 11/15/95

nor$h on the 8 mdcs n[Ihc Sotitit~ajt Exiwessuay,
TM fucliily was mshdkd in conjunction
wtih a csv-nwabicbawicr uounkr fotiuw
HOV Ianc. Tht tsiwr~liunsIW ihc
lcmporary T(X wiil bc trims(crcd III Ihc
Region TOC once II has been comsructett

Source httelligent Ttimportation Inbasmtcture Deployment Database (1996)



Table C,l. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

city, state Iofrastructsrrc
Nrrnst

n

Buffato, Niarmm I NI’JT’EC Trcftlc
EMs, NY - IOperations Center

Ctrarkrttc, Ciastrxsi* Ccrrs@iorr
Rock Hill, NC Avoidanec and

Reduction for AuIos
and Trucks (CARA~

Chicago, Guy, Lake JNDOT Traffic
County, IL Mamrgcmcnt Center

#
Chicago, Gary, Lake I IDOT Trafiic

Coverage Area

The Trtitc Operatioru Center is
currently in dcsigm his cstimsted
that 50 miles of freewirys wiii
have electronic surveillance.
Detection and srsrvcilhurcc
equipmentaiong a I 52 mile
scgmacntof 1-77 from Ihe Sorstfr
Carolina SICIC iinc to Sunset Road.
Westbound BorrsranExpressway
(f-80, 1-94) fkom Burr S1.10 ‘
Kcnrwrfy Ave.
136 ccntcrlinc miles

Countj, IL - I SystemsCenter I Covering poriions of the foiiowing

CWirmati, Hamilton. CineirsrrstiARTMJS
OH - - I
Daflas. Fort. Worth. Transoortalion
TX “

-1

Management Satellite
- Dallas

expressways:
E&ns 1.94
JohnF. Kennedy Expressway
f-90&1-94
L)anRysusExpressway 1-90&
1-94
Dwight D. Eisenhower
Expressway 1.290
Adlai E. Stevenson Expressway
I-55
Calumet Expressway i-94
1-57
Kingary Expressway 1-80& 1-94
Lskc Shore Drive US 4 I
Eiginn-OHarc Expressway
None of Ihc tollways arc covered
1-71,1-75, i-77, i-275, SR-562,
andCrossCoumy I [ighway
i-635 born I-35E cast to 1-75
i-75 from Woodall Rodgers
Freeway north to 1-635
I-35E from SR 12 north to 1-635

Freeway
Milt]

so

M

136

88

NA

Gpilai cost
(Sk)

2000

132(XJ

~

12000

20000

i ioooo

Anoual
Operating
JJudgct(Sk)

NA

500

250

2000

Pcmonnel
(No.)

1

9
permanent,
3-8
Icmporary

8-i6

4

Commeota

A Regional TN is currcnriy under design
10 be cxslocascdwish the State Police Faciliiy
in Frwningham This ccntcr \vill be
operational m sipproxlmalcly 2 )cas> iuhl
will monilor 52 miles of freeways FIciIJ
cqwpmcnl ~ hich irwiudcs induclivc loops,
ovc!hcad lades dctcclors, CMS, and CCTV
arc also under design N ith an incidcm
managerncnl focu~.

in i!W7 clccrronic srrrvcillancc WIII bc
expanded 10 include a total of i 53 miles
A real time Iraflic cwfiliws rn.y con iw
found w-rIhe mwmcl at
hup://www al cm uic tL51L’(IL”hl ti~ “hl Iwnl

The Dallas Area Trarrspor!tilion
Management Salcllilc is currently under
construction.

-..

Source: Intelligent Transportation Infhwrucnrre Deployment Database (1996)
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Table C. 1. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

city, state Irsfrmtructsrre Coverage Area Frecw8y capital cost Annual Personnel Commcots
Name Miles (Sk) Operating (No.)

Brsdget($Ii)

SR 12 fromSR183 north to I-3SE
SR183 ftom SR97 easttO 1.3SE

Datlas, Fort. worttL TXDOT Me41ita I-35W from Alta Mesa Blvd. to 1- 13 18000 67S
TX

13 The !%scllile Operation Ccmcr (SfX) M asl
Operations Center 30:5 miles
(SOC) - Fort Worlh 1-20 form I-35W tO l-20/l-820

interim control center. The
TRANSVISION tra~lc manogcmcnl ccmcl

split: 8 miles is scheduledIISopen in 1998, asWIIICII time
there will bc approx!matcly 80 ticcwisy
miles undc[ survcilhmcc

Denver, Boulder. CO CokrradrrTOf2 The Colorado Traffic Operations 7 4500 MO 12
Ccnler monisorshighway
conditions throughoutk slate. In
Denver 7 miles of I-25, timn Mile
High Stadium to US 36, arc
equipped with electronic
stsrvcillrmcc.

flctroi~ h< Arbor, Michigan Intalligcnt I-75, I-94 and M-10 33 16000 800 Is
Ml Transportation 32.5 miles

SystemsCcnlcr Future: 250 miles

El Puss,TX El PesoFreeway I-10: 27 milca 65 14000 250
Management Center

0
(JS 54: 8 miles
1-375: 30 miles

Frcsoo,CA CcnsrafVsdlcy I-5 From Lebcc, CA TO SR 1S2 347 so 500 Is
Transportation 182 miles
Mana8cmcnt Center SR 99 From 1.5 TO SR I S2

165 miles

Orccnaboro, WinsSon-Satcm US 52- From 1-40 to Univcraisy 41 4000 350 II The ficcway mana8cmcnt ccmcr will usc
Wirrston-Safcm,High Freeway Parkway (9 miles)
Point NC Manegcmcnt Center 1-40- FromNC 801 uo Union

the loop detectors 10 evatuascshe
cff~cliveness of she changcaldc ulc>jtigc

Cross Road (22 milct) signs. Orher go~emmcm agcncws will h~~c
Business40M 421 software which WIII CJIOHthcm 10access

IraKlc dtita via a modern

Oreenslmro, OrccrssboroFreeway [-40 at High Poin\ Rod. 0.7S 27 15fm 300 7 Currently her are two video surveillance
Winstms4JafcmoHigh Managcrncnt Center mites cameras near I-IO al I Iigh Poim Ro~d,
PoirrLNC 1-4011-8S corridor: 20 miles

1-87 corridor 3 miles
primarily tot iew mwrchange “Ile
Greensboro CIIy [m has four dIh[lIMIJ!

1-40 corridor: I 3 miles camcraa on sheciry coliseum fucdiry used 10
monitor special event !raflic. These misy
also be utilized m emcrgenc} conitilmns.
Iraflic would bc detoured along IhIS tome
This route aho has ill place Ianc COIIWIII
slgm and >mtill chim~cablc tncs>~gcIw.tld>
to opctatc a rctcrstblc lime s}stcm

Sottrce: Intelligent Transportation Infrastructure Deployment Databa:e (1996)



Table Cl. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

City, State

Hsrtford, New
Britain, Miidklowaa,
CT

Honofraiu Hi

Las Vcgass,NV

Los Angcics,
Anaheim, Riverside,
CA

1CA

Infrastructure
Nsmc

Ncwingtoar
OpeazatiorasCenter

F
Houston Tmn.%
&aitn:~ Survey

PQ
McCarran i%ccWay
Management System
OrauagcCounIy
Tmn@rtsdion
Managemcea{Ccmcf -
Cdtrana District 12

Los Angeics
Ttanspnrlalion
AiaalagcmcntCcrucr

Covcrfige Area

Eicctonic aaarveiiianccof 19 miles
of kway in the Hartford

.mclropolilaerarea

Intctslalcs H-i, H.2, and H-3

t==-’

Freeway
Miles

18

44

NA

E
5

258

750

Capital cost
[Sk)

30000

~

2000

4400

Annraai
Operating
Budget (Sk)

3000

NA

~

2000

7000

6300

Pcrsoaancl
(No.)

Comments

Thc[c arc in place sixlccn ovclhcad
variable message signs afong i-40/85 frram
NC 62 in Alamancc Coumy t,, I-85 south rrI
Groomctmn Road and 1-4010 N(; 66 iu

Forsyih County These wc used in
conjunction wilh ihc incident n~iuaagcmcnt
program 10proviJe infonwslion ks she
tmvcling publlc and In ad In rfw
implcnlcnlaliorr or’dchlur (oii(cj

Future plans of 1996 Con>lrucllouwc 10
inslaii mnc \ isko msncras idong i40 from
NC 68 to Elnfiugcnc Street These wiii bc
used for Incitkm Mamgcmcnl aclivllits in
ordc( ro monitor uafTrc condili,m$, and
verification of accldcm occurrcnsx and
iucalion
The Newinglon Opcralions Cenmr monitors
i 8 miles o~(rcew;ys and 300 stgswiizctl
ulkrwclions in Ihc t Iarlfmsl area, and
mmsilors another III(I stgnirlizcd
inktsccmns Ih(ough(nll the $Iidc “1IIC .Iii
personnel. S3,000,000 bwlgcr. sod
S30,000,0110capiltil conslruclhuscosr
inchulcs rhc NcI\ mgton Opcra!inns Cenwr
and Ihc Ilrldgcpo(! [)pelakns Gmcr.
The ilawaii f)cpamncnl of Trwssportaliml
(1lfXJT) inrcod; I,, coordin.s[cIhi I’rafiic
Mmagcmcru L’CIIICISICJclqsnwrl wilh IhC

City of iionolulu’s s) Nclll ili>()”f is
planning 10 phase 44 m!it~ U( suwcill,mtic
cquipmclll along Iht mkrslak ot cr the nc~r
4 years

. .

Source: Intelligent Transportation Intistructure Deployment Database (1996)



Table Cl. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

City, State

Miamii Fort
Lmrdcrdafe, FL

Miami, Fort
Lawadcrdrde,FL

MI@ Fort
Lrsudcrdate,FL

Milwaukee, Racicsa,
WI

Infrastructure
Name

I-595 changeable
MessageSign System
(CMSS)

Pompano TrWlc
OpcmtiocrsCenter

Cioldcct OIadcs
IarterchangeControl
Center

Monitor Traffic
Opamtions Center

Coverage Area

1-S9S in Fort Laudcrdafq
approximately 20 miles

?0 h dctwrrrincd

1-9S, Sr 026. FfcrridaTumpikc,
arsdSR441

csrrrass16qfcI -33 ndlcs
● 1-43Mwecn STH 100(S 107th
St)& Nonh Ave in hldwmrkcc
co.
● 1.94 bctwccn Airport Spur in
Milwaukee Co. & Moodacadttd in
Waukcaha Co.
+ 1-794 within Milwaukee Co.
* US+ bctwccrr I-94 & North
Ave in Milwa@w,e Co.

Frcewsy
Miles

2b

NA

32

33 3SOO0

Annual
Opcratiarg
Budget (Sk)

500

NA

250

Peraostncl
(No.)

r-----

Comments

The l-s95 Changeable Message Sign
System (CMSS) is being instaflcd in phases;
the information provided is fof Phme I and
Phusc II A managcmcm ccntcr M pl.tnrrcd
for tic I-595 CMSS, am.tII is anticipated Uwi
the Florda DOT wdl operate the Iicilib
‘fhc Pompano TtaRic Operauom Cemm
will provide
AICJ surwcill.mic III all 111.IIIIIIIIC 1,,11III,IZ.l,
ToI1 lane SUWCdliurCt 01’ >CICCI Sunf’&j
clcclronic toll eollcclion syslcm lanes
General rwrrooselane surwilkrncc of lugh...-
vohrme me[ropolllan iotas d’ tic “l”u[lip~kc
The current center is established 10 comrol
the mtcgrascdATIS & ATMS for lhc region
around the CMJKII GI.AS Inictchangc
(GGI). The ATIS & ATMS sysicm is SUII
under construction. After completi,m of
construction, il will pruviclc CSsishrncc10till
the incoming Sralfic, on f[ceway and
arteries with m apprcsxicwatcly4 nwle r.ulluj
of the (Xl. The highways ccrvcrd mclwtc
1-95, SR 286, Flo[ida’s Turnpike, am-lSR
441, including all thu freeways w f(cew+
connecturg ramps, cmrancc [amps and CXII
ramps. The conirrd center i> expccwd I*I
cxparul in two (0 Strrtx ycirfs 10 piowdc
assistanceto all addmonal lb nlilcs of 1-95
This expanded contrcrlccntrx WIII also
provide addlliorral user swvi,c> flu olhcr
snrrdcsof trirvcl After aboul so. yc.ws,cht>
ccnlcr will nwrgc wilh dw S1.1’1Inlclligcm
corridors) slcms id odm sorrchtw Florid~
ccmcrs,
Future MONl”fl)R Slagcs.
Thcm is ao!ic!patcd to bc al ICU>IiwcrIIIWC
addiliwrirl stages lu ihc MONITOR >yslcm
Additionally, a flbcr optic crrnunurwccrtion
nclwork may bc Implcn]cn!cd N some poilii
ill Ihc Fcmrrc. A permancnl hlghwoy
adviswy radiu s) sicm will id5Lr bc
implcmcntcct,icnlicipatcJ M bc in
AiONITOR Stage 4. Ijimrwwly, IIIU

MONITOR syslem will operate iiom a staIc

Sottrce Intelligent Transportation Ittfhstrttctttre Deployment Database (1996)



Table Cl. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S, (Cent’d)

m
00

city,state Irstrastruclure Coverage Area Freeway Capital Cost Annual Personnel Comments

Name Miles . (Sk) Operating (No.)
Budget (Sk)

● US-4 I Mwcen Natiorsat Ave owned Tra~Ic Masmgcmcrrt Center (TMC),
and Wisconsin Ave in Milwrnskcc wish incident management capabilities
co. originating from this building

Stages2 and 3: Orhcr possible fcarures 10 the hloN1’1 UK

Sctrcdsdcdto expand in FY 96 to
75 miles.

syslem would mcludc imcgranon of signal

Extend:

syslcmsof various corridors tiroughosn the
Milwaukee area asldan intcrtic tssthe (iary.

● North on 1-43 to Mcq~n Rd in Chicago. Mdwaukcc ITS prnstity corridor,

Ozaukcc Co.
● Northwest along US-4 I to
Larmon R4 in Washington Co.
* west on 1-9410 us.I64
$ Sourhwcston 1.4310 Rtcinc .
Avc in Waukcsha Co.
● Southon 1-94 to Milwaukee Co.
Iinc
● Entire I-9411-43/l-894 freeway
loots

Miiia, st. PasSt, MN/t30T Trfitc I-94, 1-394,1-494, ‘l-694, I-35W, MO 4oot)o 2100 43

MN Management Center 1.35E, US 212, US 169, SR S,SR
36, SR 62, SR 77, and SR 100

New Haven, Bridgeport The BridgcpostOperations Center S6 30000 3000 48 Bridgeport Opcra!ions Ccnlcr opcralcs 44

MM- CT Operations Center has clcctonic smvcillancc along Changeable Message Signs, 36 arc atong 1-

56 miles of i-95 from the Ncw 95 and 8 arc along arlc(ial s!rects The 48

York stareline to Ncw Haven. pc[soswcl, $3,000,0011 bmtgct, and

and monitors200 signalized $30,000,000 capilal consmsclitmCOSI
inlcrscciionsin soushwcst includes the Ncu mgton opctalions C’cmct

coMccticut. and the llridgcpw! Opc[a!ions Center,

New Y% Northern Metropolitan Area 1-80 born Gcor8c Washingtoss 92 340tM 3200 18

New Jcsscy,Long Guidance Bridge 10milepost 40.K: 28.S
Island, NY Information Center miles

(MAGIC) SR 17 from mile post6.710 mile
post 12.3: 5.6 mdcs
SR4tkssrsmilepost2.210 mile.
post 10.98.7 miles
US 46 t%ommile post47.5 to mile
post72.0: 24.5 miles
1.287 from mile post 37. I to mile
post 445: 7.4 miles
1-280 from mile post010 mile post
2.5: 2.5 mdcs
1-95 horn mile posl 117.1.to mile
PSI t22.5: 5.4 miles
US 1,US 9, US 46 horn mile post

Source: Intelligent Transportation ]rIfkIstrUCNre Deployment Database (1996)



Table C. 1. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

city, state Infrastructure Coverage Area Freeway capital cost Anousl Peraooracl Coormcrrts
Nsme Miles (Sk) Oprrating (No.)

fhrrtgel [Sk)
62.8 to mite post64.8: 2.0 mites
SR 23 from mik pmt4.? to US
202: 7.7 miles

t40rfot~ Virsb$h TraJtlc Management I-64 between J.564 & l-2641VA- 19 t4A 3000 26
Beach, Newport !#It: of Hampton 44
News, VA

Orlando, FL I-4 Survcillamx and I-4 horn Lake Mary south to tha 39 8600 191.s 3 Tlsis antcr is clcclronically Iinkcd 10 the
MoIorist Infomration SoushcmCmuscctorExtension Orlando TraJtlc Marrrrgemcnt Ccmcr
Systcm (i-t SMIS) (TMC) in dowmwrr Chlarsdowhich

coordinates(llandtf~ UT(3 1 hc Imk.irge
provides for informalton sharing and
coordinariorr bclwccn cily srscetsa!id 1.4

Porttbnd, Varscouvcq Porttand TtiIc Routa Miks 103 34A 3s00
OR

NA The IrrcidcrrtResponseProgram in Porstand,
Maraagcmcnt l-s 25 mi which is planned 10 be opcratinnal by July 1,
Opcralions Center 1-205 3S mi 1996, will bc coordmalcd wi!h IIIC Porslan,l

I-84 13mi l’raflic M.rasagerwm Opcralioos I ‘cnlcr
1-405 4 mi
US 26 9 mi
SR217 7 mi
SR 99E 6 mi
SR 224 4 mi

Providence, TrWIc Opcrationa 1-9S tlom southof Routs 10 norsh NA 5000 NA NA The corrsmrctionof $hcTraffic Opcralions
Pawsuckct,Fall River, Ccartcr 10ProvidcrrdPawtuckct tine Center will lx conducted in 2 phases Phase

Rt 1.195 from 1-95 caste to Rome I inchrdcsinstidlatirrrrof 6 f’oitablc Vwiirblc
I 14 hlcssagc Signs, 2 Pcrmarwrrl Variable
ROUIC10 from 1-95 cast to Dean Message Signs, arid 7 CCTV locations
SSrcet Phase I will be consplelcdb) MC 199rI -

early 199?. Pfwsc II mclode> installation oi
I I I’crrnanciu VarIiddc KtessugcSigns and
10 CCTV locutions, and will & Lornplctcd

Sacmr@o, CA cHFK!aftrusa

by Ialc 1997.

SR99: 12miks 41 8100 NA 8
T@nsporsatims 1-802 miles
Mursgemcart Ccnlcr 1-80 Busirrcas:9 miles

SR 50 18 miles

SsssAntawdo,Tx TransGuidc Cumrt covcragc (26 miles): 57 36000 2s00 “ 18 Currcrrtty there arc 26 miles of freeways
1-10 horn SR 34S sornhto
SwrthcrossBlvd

under electronic surveilkrrcc, by August
1996 !hcrc will he a told of 57 mtlcs

I-35 from I-10 cast to Norstr
f3raunfcls Ave.
US 28 I tiom t Iildcbrand Ave
SWlh 10 SOUShC30SSBlvd.
Future covemgc(atfdiliorrat31
miles)

Sotsrcc Intelligent Transportation Infrastnacharc Deployment Database (1996)
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Table Cl. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

:ity, state

Ws Francisco,
Mttcrsd, San Jose,

2A

!eatttc, Tccomq WA

hate, TccosnsgWA

Infrastructure
Name

Coastal Region
Transporsstion
Marrsgcmcnt Ccn[cr

Olympic Region
Traftic Systems
Managcmcnl Ccmcr

Trfitc Systems
Management Caster
(TSMC)

Coverage Area

I-10 from SR 34S nonh to Camp
BsdlisRd.
1-410 from SR 16ciIs110 1-15
(JS 211I thm Hildcbrsnd Ave.
northto 1A 10

The CoaststRegion
Transportation Managcmcm
Center serves the coshd areas
from Sama Barbara norshto
Oregon. Many of the freeways in
the San Fasscisco,Oakland, San
Josearea arc equipped with
survtcllassccequipment
The current Freeway
Management Center in Lakcwood
dots not have clcctromc
survciWarscc,but it has an
cxtcnsivcplan for 7 VMS, 5
chsmgcablcsigns,data ssatiorss
every 1/2 mile, 22 ramp meters.
and IS CCTV.
Current Electronic Susvcillance:
1.5 s 1701tsSt!to12gttsSt.Sw...
335 miles.
1-90 I-5 to Front SSSCCI
17.0 miles
1-405 I-5 @ Soulhccnler 10
SR-522 ...11.5 miles
SR.520 i-S sol-k %rrmamish
Pkwy ...235 miles
SR-167 841hAvCS101-405 ,..
50 miles
101s1 .. 90.S milrs
FusrrrcElectronic Survcillancc
(planning, design, and
ccmsSnsction):
I-5 PicrccCA to S 170ti1S1 ..
I 35 miles
i-5 12gshS1SW 10Marysvillc ...
12.25 miles
I-405SR-522 to Swamp Creek l/C
...6.8 males
SR-2 I-5 soSR-9... 50 miles
SR-I 8 I-5 to I-9(3 ... 2&O miles

Freew8y
Milts

im----

I

-
(Sk)

imr--

30000

Annual
Opcrnting
Budget (Sk)

2000

1600

Pcssonncl
(No.)

2s

-
13 planned

29

Comments

The Coastat Region Tmrssfmrtation
Management Center will be assumingthe
duties of traffic msnagcmcnt from Ihc
Vallcjo Imcfirn Traftic tihrugenwnl L’cmc[
in June 1996 “1hc Vallcjo Imcrim Trstlic
hiimagcmcrrt Center wdl ihcrr wrvc as a
backup ccmcr m cat of a nam~al d]sajlc~

Sottrce: Jntelligertt Transportation Jnfhsrrucnsre Deploymesu Database (1996)



Table Cl. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

:ity, state Issfrastructsrre Coverage Area Freeway capital cost Annual Pcrsolsnd Commersla
Name Milts (Sk) Optrsting (No.)

Brrdgct (Sk)

SR-167SR-1810 841trAVCS ...
7.0miles
SR-509 Des Moines Way to Ist
Avc Bridge ...5.3 miles
SR-518 SR-509 to I-5 ...3.8 milca

.

SR-520 Lk Sammamish pkwy 10
SR-202 ...1.3 miles
SR-522 1-405 to SR-9 ...2.5 miles
SR-525 I-5 to SR-99 ... 2.fl miles
SR.526 Mukilsco to I-5 ...4.5
miles
SR-599 I-5 to SR-99... 1.75 miles
Total . 94.S mllcs

it. Lolris, Mo MHTD TratW I-6MJS 40 St. Charlsa fhmsy 10 134 8650 I 550 6 The MNTT2 Traftic Center is in design and
Center (St Louis) 1-70...28 miles has been Iirndcd, it is expected 10 be

1.270 i-55 TO SImc Line ...36 complclcd in 1997. I“hc appfo~intatc
mites annual opwaiing bwtgct will mcrcasc IIIIIU
1-70 Mucge Rd. to 1-64...25 miks
i-44 SR 141 soI-55 ,..17 miles

S1,200.000 in 199610 S1.550 000 in 1997.

1-55 Exit 193 to 1-64...17 mites
The 208 mde f+cr optic backbone i> being

1-1701-270 to 1-64...11 miles
inslidlcd under a rcsourcc sharing
agrecmem wish rI tclcphonc compw) I hc

TOTAL ..134 miles agreement cirlls fbr exchanging
commrrnicatiom for righl-of.waj access
with no cost 10hll{lD.

r-St Srmshii Skyway SrmstrinaSkyway Bridge001-27S 9 NA 280 4,
Paterabrsrg, Bridge (t-275) ovsr Tmnpa Bay, cormsctisrg
;Icarwatsr, FL Pincllaa Cosmsyto Manasee

Corsmy.

WashingsoqDC b66m95n-395 1-66,1-95, I-395 32 NA 700
Traffic Marragsmsrrl

22
TMS baing extsndcd 20 miteson

SysSsm 1-66 wsd20 miles on 1-95

Source: Intelligent Transportation Infrastructure Deployment Database (1996)



rable C.1. A Summary of Cost Estimates of Various Centralized Traffic Signal Control Systems Currently in Place in the U.S. (Cent’d)

city, state

Washington,DC

Name

SNA Trfltc
Operations Center
(TOC-3) College
Park

CoverageArea

Current coverage with crsrswrt
dcployncnW 400 miles
CrspitatBeltway (t495 & 1-95), 1-
270, US-SO, US-29, MD-295 and
variosrsarterials around she
Washington, D.C. metropolitan
area Clrrrcnt dcploymcnl is loose
(i.e. equipment is far aparr)
Future covcragc wish tirturc
deployments: 400 miles sansc
routes as current covcragc with
much closer deploymcm of
equipment( I /’2 - 1 mile detcclion
spacingandi -2 mile (XXV
spacingon some rorrIcsand
intcrstmcs.

Freeway
Milts

100

Cspitd cost
[Sk)

~

Mrnual
13swathse
ltirdgtt(i)
133

-
(No.)

4

Comments

The annual operating budget is S1.3 million
fos rhc SliA Tra~tc operations Center
Golden Ring Mall, SIIA Trafllc Opcralttms
Ccmcr COllcgc Park, and the Slfire
Operations Center

Sour% Intelligent ‘frattsportsstion Issftaslrttctttrc Deployment Database (1996)



APPENDIX D

SUMMARY OF COST ESTIMATES OF FREEWAY
MANAGEMENT CENTERS CURRENTLY IN THE U.S





Table D, 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S.

city, state Infrastructure Coverage Area Sfgoata capital colt Aomral Peraorrncl Commcots
Name Controlled (Sk) Opcr*lirrg (No. )

Budget (Sk)

Charlastort,Sc City of Charleston II squaremites in downtown 180 2600 55 II
phrasanother SOmiles.

Charlotte, CJastoni% Charlotte TI~IC Charlo$tcCity Limits 410 I 500 1000 Is The City of Charlotte opcIascsa
Rock Hill, NC SigrratCOrwzolCenter centralized signal control system in tic

central businessdislricl, rural24 dlshibuhxl
systems on other arwoals “1’IIcccmralized
system comfol signalsat I )0 intcrscclions
using a 12EC hhcroVAX II uirh [ITCS
sollwarc, and !wi$t.xl patr cable “[he CII)
crrrrcmIy opclalcs 24 dls!ilbutcd >yjtcms

and is desi@ing 2 more These >) Wms

comrol a total 01280 inkv$ccuons All IIIC
slaff mcrnbcrs can auccssthe dls!rlbulu.t
sys!cmshorn heir dcshop P(’s The

. &tribukd systemsrrtilizcd telephone IIIid-
up commrrnicauon

Cinc~ Hamil@ TraMc Control c~ of Cwirmati cotprwate 80 NA 60 8
OH Center tii

Dallas, FOSI.Worth, City of Plarro city of Piano 96 1600 605 NA
TX

Datlas, Fort. Wmth, City of Garhnd 57squaremilesin theCity of 104 1300 400 8

TX Garland

Datlas, Fort. Worth, City of Fort Worth - City of Fort Worth 240 4000 740 21 Exislin8 syslcm inslalkd in 1987
TX Traffic Conuol coordinates/monitors240 slgnahzctt

hianagcmcnt Ccnlcr imcrsections, 140 Cfl D, 40 on cmjldmwd
artcrials and tdl 011wlwd inwrsectwss,
Upgrade arid chpauswn of >)s(cm IS

Datlas, FosS.worth.

currenlly umkrway

city of ttichwtaott Cw of tuchardsorr % 1500 35 10
TX SigrratSystem

For addiuona! infwrnalmn 011IIIC
Richardson Signal Syslcm scc Ihc mtcrncl
wcb site htlp //wnc.cor ncl

Dayton, Springfield, City of Kcucring City of Kcttcrirrg 72 470 1000 4
OH

DayIon, Springticld, City of Dayton Sigoat City of Dayton 340 1000 2000 25 T’hcCIIy of IXWJU upwws signafs aI a

OH Syatcm total of 340 intersections. Of Urcse,220
operirtc under a distribukd closed hIop
sys[cm The lemamdcr alc tirwt !irrw
signals

Denver, Boutdar, CO City of Latmwood City of Lakcwood 200 650 82S 8

Dcrrver, Boulder, CO City of Aurora Aurora City Limits 105 2000 300 2

DctroiL Amr Arbor, Oakland County Oakland County 506 22000 3000 40 I
Ml TrtiIc Operations

Center I

Source: Intelligent Transpcrttation Infhstntchtre Deployment Database (1996)



Table D. 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

City, State Infrastructure Coverage Area Sigrsata capital colt Arrnud Personnel Comments
Name Corstrdled (Sk) Operaling (No. )

El Paso,TX

Budget (Sk]

Traffic Msrragement Citywide 263 1s00 1100 34 The initiat capital constructionCOSIofthc
Center current systcm was S2,500,000, the system

which IScurrctltly in design wdl cod

Fresno,CA Ftesno

S3,00(LOO0
Calm DMtrict6 includes so 5 NA 2
signalized irrtcrscctionsin
MadcrA Frssno, Kings,
Tulatc, and kern Counries.
Currcrrlty. Calfrans is
monitoring systemsin
Mader& Fresno, and Trrlarc
Counties, These systems
include
Madera 5 signals
Augt1992
Frcsno 21 signals
NovI1994
Tularc 24 sigssats
Dce/1993

Grand Rapids, Ml (ljlltapids Siguai Grand Rapids and portionsof 230 3700 140 2
Walker, Wyoming,
Kcntwood, and surrounding
townships

Grecnaimro, HighpoirstSignal City ofHighPoint 13s 600 160 5 Tlw City of High Point crrrtcnrly opcralcs
Winstcsn-Salcm,High system signals at 135 intcrsccrions. Of these, 50

Point NC arc cenlrrdly controlled. 50 arc connollc~
by 3 cioscd.loop ar-wnal sy,tcms, and 3S
arc tlmc base conlrolld A new UTCS
basedccnrral signal conmd SySICIIIis m
design, This system will repltice We
cxisling systwnsand will conrwl signalsaI
165 intersections.

Orecnsboro, Oreenaboro Trtitc City limits of Greensboro 300 3230 1000 13

Whston-Srdcm. High Managersscrrtcenter
PoinLNC

Greensboro, Wioston-Srdem Arcs in and ocar the city 300 5400 370 II
Winston-Saicm, High Trafiic Control limits of Whrston-Salcm.
Point,NC Center

Greenville, City of Spartarrburs Cily of Spartarsburg 60 NA 400 4
Spartanburg,SC Traffic Sigmd Control

.ntiy in S~ ~fianburg60 of dsc99
3,’ :I!:

Center
‘on arc ctrdraliy

cwrlrollcu ‘0$ WCIll
dcsigrwd II} bc .... .,I

Source: Intelligent Transportation Infiasktchtre Deployment Database (1996)



Table D, 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

city, stab infrastructure Coverage Area signals capital cost Aorruaf Pcnonrrcl Commerr$s
Nmrre Codrolbd (Sk) OpcrMhrg (No. )

Budgtt (Sk)
Hartford,t’kw Ncwingtorr 300 intcrxactiorrin the 400 300W 3000 48 The Ncwingtorr OpcraliorssCcn[cr monitors
Brfrafn, Middbtown, OpcsmtforuCenter Hartford mctropolitmr mek IS miles of freeways and 300 signafizcd
CT and anther100 intersections intcmcchons in she}Iarrford area, and

slalc wirtc monitors morhtr I(JOsignalized
inlefsections rhroughomshcsratc The 48
pcrswrncl, $3,000,000 budget, and
S30,000,000 capilaf cOnWsscliuncost
includes UscNcwmgton opcratiurrs Cerrwr
and rhc Uridgcporr Opaalions Cemer.
The [ITCS basedsys[cm opcrarcd istthe
Ncw ington OpcriItwns Ccnlcr IS schcduhl
ro bc phasedour in favor of CloscJ Loop

Hartfor4 NCW City of Hartford
systems

There we 230 signafizcd 200 5wt0 80 10 ‘t’trcopc[ating budge of Sg0,000 does not
Britti Middlcto~ Traftic SigrratSystcm interscdbn mairrtairrcdby ttsc
cT -

includc personnel cosrs
City of Hanford, of which
200 arc ccmdly cnntrolbd.

Honohdrr. Hi HoooisdsrTrtirc Ccnrraf brrsincssarea of 300 7000 350
ManawrrcntCcrstcr

6
Honolulu

Jackamrviilc,FL Jacksonville Urban Ccntrat BrssirrcssDistrict 140 NA 180 3
TtatTic Conrml
Center

KansasCity, MO City of LcncxA KS Ciry of Lerrcrra 2s 400 NA 4’ The City of Lcncxa presently has 2S signals
on frbcr optic communications Iincs (0ss1of
a hxal of 45 $ignals) They operate by
zone masleddavc Tww of IJay plans (6.8
plans). Timing changes,rcpors~irnduolow
moni!o[ing is at adablc vla TRANSLINK
SORWSSC,and dlalup mostcms Additional
fiber 10bc adJed in 1996 will bring 3 more
signalsonline ‘fhc mrial capitol co,t of
insmfl rhc fibcl oplic communicidions ~~j

Kansascity, MO
$400.000

Ovubnd Padt City of OvcrlusdP* 94 1300 100
Traftlc (hrtrol

I FuflTime;
Kansas 2 ParsTime

Syatcm
Las Vegas, NV Las Vegas Arcs City of Las Vegas. City of 412 dooo 750 8

Computer Trafffc Norlh Las Vegas. and Clark
Systcm (LVACTS) Counry

LittleRocJLNorth Traffic Control Lirtlc Rock CcrstsalBusiness 123 NA 662 Is
Lfttb RockgAK Center Disrrict

Los Angcbs, Los Angeles 500 sq. miles 18ss S600 1300 20
Anaheim,Riverside, ArrtomatcdTraffic Arterialandnetworkmet

Sottrce: Intelligent Transportation Intiasttucture Deployment Database (1996)



Table D. 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

Cily, state

Los Angeles,
Anaheim,Riversids,
CA

LosAngeles,
Anaheim,Riverside,
CA
Los Angeles,
Anaheim, Riverside,
CA
LosAngeles,
Anaheim, Riverside,
CA
Los Angeles,
Anslreim, Riverside,
CA
Louisville, KY

Miami Fh
Lsrsrderdafe,FL

Miarrr~ Fort
Lmsdcrdafe,FL

Mirrrsccpolis,SLPaul,
MN
Minneapolis, St, Paul,

Infrastructure
Name

Survcillsrrcc cod
Control (ATSAC)

ArrrdrcimTra~ic
Management Center

LongBeechTraffic
MarsngcmcrrtCenter

Cily of Sanla Arm -
Traffic Marragcmcnt
Ctnter

Pasadena Traftic
Management Center
~TMC)

ITRAC

City Wids TtiIc
SignafSystcm
(C.w.s.s.)

BrowardCounty
TrtiIc Control
Ccn[cr

DadsCounty TrtiIc
Control Center

Coverage Area

sy$tsms
includes freeway off-rmnn
sigrrats
EntireCity of Anshcim

City of Long Beach and
SignalHill

City of Santa Ana

City of Pasadena

City of Irvine

Area within city limits

All tmffii signstswithii ths
bordersof BrowsrdCounty.
These include stl signats on
rhc State systemas well as
signalswithin the
incorporatedlimits of cities
wittsinthe Cm.rnty(by virtsrc
of Traffic Engineering
Agrccmcnts), and Coumy
sigrrsts. This comprises a
totat of approximately I ,250

I dcviccs ~ng maintnincd.

[ All of Dade County (i gOO+

Isq miles) -
including 400+ sq Imlcs O(

Sigstats
Cootrottcd

212

2gl

2s0

280

220

580

896

2090

k340

790

Capild cost
(Sk)

8of30

300

MOO

6000

3000

7000

2100

65000

3000

6000

1500

im----

1UKt

250

1500

Soo

636

2000

MO

I 700

PcrsonrstI
(NO. )

is

Is .

12.s

22

Comments

Ths ArschcimTraWtc Maswgcmcnt Ccmer
has a $w*wcy communications link wish
the Caltrans District 7 Trallic (Jpcr.itions
Ccotcr in Los Angeles and the I)isuict 12
Oftkx in Orange-County.

The Long Beach Traft_tc hianagenwnl
Ccmcr controls 2til of the cny’s 505
signatizcd itllttsecllons

The C. W.S.S. projccl srams(as of March
1996):
I ) Design 8S’?kCOIIIPICIC
2) Cons-iction I S9~cwuplcic

Approximate inilird capital construction
COSIof S2,100,000 rcfc[s I{) SR 7-39
inlel sedmns, 1979)

Of the 790 signalized interscclioos, 735 arc

Source: Intelligent Transportation Intiastructttre Deployment Database (1996)



Table D, 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

City, !We Infrastructure Coverage Arm Sfgssala Capttd cost Assrruat Personnel ,Commcols
Name Corstrdlsd (Sk) “ Opsratisrg (No. )

MN
Budget (Sk)

, Engineering ~ (My of Missncapolis. randetcaasrahzcd control.
Nashville, TN Metro Nashville Prcsesw Ccntrsl Businsss 376 6gO0 900 17 ‘fireoriginaf system, developed by

Traffic Contmt District and major arteriats Frederick R. Ikris. was ins!allcd in 1987
Center Fuurrc: Entire metro area Ihc system mstallcd in 1996 (hllST) ii

~pgladin~ ~d replacing the system
msralled so 199.J(KVE Systems)
The 1gf) NEMA controllers undt(

ccrnscruc{ion and tie 375 in Jcslgn mclustc

controllers rhar were in lhc ortgmal sysscm,
and arc bcmg IepliatcLJor upgraded
The cutrcnt 4X6 PC ceotral cwstputer is
being rcplaccd by a Pcnmun cmnputu.
The 65 inshrclivcloops alc IIIsIallttt, but am

not opcra[iorhd al dais tlmc They uwludc
only syslcm sampling dc!cc!ws, and do nol
include intersection app

Ncw Havc~ Bridgeport

roach Jewclors
The Bridgeport Ojrcrstiona 200 3ooO0 3000 48 Bridgcporr Operations Center opcralcs 4-J

Mcrf~ CT Opcrrrtiom Centsr Centtr hm dectonic Changeable Message !iigns, 36 arc along 1-
srrrveillancc aJong56 miles of 95 and 8 arc irhmg artc[iid wcuts The 48
1.9S from sheNcw York sta
line soNcw Haven,md ‘

pcisorwcl, $1,000,000 bodgcl. and
$10,000,000 capild comlruclhm sllsl

maaitors 200 signahzcd mchsdcslhc NCMmgmn opcliriilms Ccolci
intersectionsin soulhwcst
COMCCtiCUt.

and the ilndgcpors (Ipt(altons ~.xrw.

New OrJeans. LA City of New &JSUSS Odesns Parish 38 8s0 I 500 20 ,

New Ye NotUrem NYC 00T TrtiIc SBoroughs in New York 6000 iOOMO 27000

New Jersey, Long Management Center
100

Ciry, the Bronx, BrrrokJyn,
Island, NY Mmhartan, Queens, snd

Staten Island.

New Yok Northusr TItiIc Operations Arteriats in Northcm New 40 NA NIA Ncw Jersey DOT is insraflingclosed loop

New Jcr$ey, LOSS6 Ccnccr- Nom Jersey
Islmsd,NY

sysrcmsa)ong vruious artcriafs in Northern
Ncwsrk NJ New Jersey. .Wrcriais wtlh [[aftk slgnirl

sysrcmprcscoll} inshdlcd OI IIIILJ13.
conslrucrlon are

RT 24i202 (Motrls CouIIIy)
RT 9 (MidtJlcscx and Monmoudi Counties)
R f 1, RT 9 (Essex, [Jnion, and hiiddlcscx

Counlv-5)
Ncw Jcrwy 1)()’1 IS irl>uprcscntij
complctmg mstrdlabonol”an Inlclllgcm
Ttansponalion Systcm TrafTrc Control
Syslcm on RT 18 in Ncw Bronswick snsf
EaSI Brunswick ‘fhls syitcm uscs WAC 10

run ifafllc adaphvc conlrol on RT I g All

Source: Intelligent Transportation In!lastsucturc Deployment Database (1996)



Table D, 1. A Summary of Cost Estimates of various Freeway Management centers Currently in Place in the U.S. (Cent’d)

city, Stslt

Ncw Yorkt Norahcm
Ncw lcrsey,Long
Island,NY

New York, Northern
Nc;Jcrwyy, Long

New York, Northern

k
Ne:crr!! Long

Norfolk, Virginia
Beach, Newport
News VA
Oklahoma Ciry. OK

L
Omaha NE

Orlando,FL

k

Iarfraslructarrc
%mc

NassauCounty
Central Trafftc Signal
Computer

WestchesterCounty

WkrhaPlains TralWc

Icontrolcenter

OkkshomaCity
Traftic Conrrol
Center
City of Omaha

-

-i-aar-
1 ComputerizedSignal

Coverage Area

NassnuCounty

WcslchcsttrAvenuein tha
Cityofwhilc Plahrs

City of White Plains

City of Norfolk

City of Ocaaaha
In general (he signals areas
follows:
North Bordet: 1-680
WCSIBorder: 168th SSSeet
South Bordct: Harrison
Slrccl

*

Easl Bordw: hlissorui River

~
C!osstrolltd.

Eii----

100

132

500

a9

400

-
(Sk)

m----

i3iir--

5000

~

MOO

5500

Aaacsrsd
Optrating
Budget(Sk)

500

100

11s0

4000

400

Personnel
[No. )

4

13

12 ,

15

16

12

Comments

Systems will be operated from TOC-North.
The Traffic operations Ccntef.North will
ulilizc a Video Imaging f)clccior,
CharsgublcLlc>sagc Signs madI hghu d)
Advisory Radio m conJuctlonwllh IIIC
MAGIC tkcway marragcmeut syslcm

Nassau County is located on Long island,
apprcrxlmatcly 25 miles cm( of Ncw York
City II} N~jiili l“WUU) Ihcl c wc 1,!~tg

Iraff’lc signals I ,4? I 01 these signialsarc
owned and ruamlamcd by N~j3u Cnum)
Currcmly, 560 of Urcscsignals arc umlcr
computer cormol wnh current plans to
bring anoihtr 10I on hnc wIrhm Ihe ncil
year. Nassau Couru) is made up of mirny

cas~ltcsl artcrtals wiih lugh Me$[bwrd
volumes m AM peaks irml hI@ stalbound
volrsmcs in PM peuks

Source: Intelligent Transportation Inkiastructure Deployment Database (1996)



Table D. 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

city, state Infrastructure Coverage Area Signats Capitai Cost Annual Personnel Comments
Name Corstroilzd (Sk) Operating (NO.)

Budget(Sk)
Systcm(MOCSS) roadsoutsideof city limits

Phoenix, AZ Ctty of Mesa City limits of Mesa 2ss 700 i578 14
Phoenix, AZ . City of Ptsocnix Cemrat Phoenix is covclcd by 480 900 2000 26

the existing system
distributedcontroi for entire
city is cusmrtly ssndcidcsigrs

Phoen~ AZ City of Tempa 64 sq.miles 155 8(B) 412 s
TrtiIc Operations

Portland, VanCOSSVW, PortlandTraftlc Cityof Pwtl~IJ 930 NA 100 12 There arc a total of 93o traffic signals
OR Operations Center wirhin the PorstandCity limits, 400 of which

communicate with the ccnlrtil compuler. . . .
Raleigh-Dur~ NC Raleigh Traftic Municipal cqorate limits of 400 6200 850 15

ControlCenter Rrdcigtr
Richmond,St. RichmondSignat From as far west as 25th 260 NA 842 13
Petersburg,VA Systcm Street,westwardto 1-195,

norsh10i-95, and somh to the
JamesRiver.

Rochester,NY Rochcstcr/Mortrssa ‘fhcr arc34i tratTrcsignals 381 14000 350” 17
CountyTraftic withinshcCity of Roctscstcr,
ControiCenter 30 trafficsignatsin Iwo

adjaam suburbsthat arc on
USCUTCS system, and 10
suburbansignetson a cioscd
loop systcm.

.

Sacramento. CA Trafllc Operations Ccntrat Am/Downtown 250 1500 400 3.5
Center boundedby

RichardsBlvd on shcnorsh
Broadway 0ssthe somh
2nd St. on the west
Alhambra St. (31sI) on tic

east

SattL& City, SattLskecity SaltLakeCity 220 2300 NA 6
Ogden,UT Trassapormtion

Division
San Amonio, TX CcnsralBusinaaa San Asstoniometropolitan 600 5000 250 40

DistrictCtmtrot area.
Ccnlcr

Sm Diego,CA La Mesa Tra~lc City of La Mesa 24 1204 235
Management Center

2 In the City of La Mesa ttrcfc arc 66
sigrratizcdintersections, 53 owned by Ihc
city and 11 by Cahfans CtnTcnllj thcw 2 t
signalized intcrsccuons umtcr ccmrahzcd
control, 17 in the processof being
conncctcd,and 25 in !hc dc>ign PIMSC

Source: Intelligent Transportation htfiastrttctttre Deployment Database (1996)
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Table D, 1. A Summary of Cost Estimates of Various Freeway Management Centers Currently in Place in the U.S. (Cent’d)

City, State Iafrastructstre CoverageArea Sigssats capitalcost Anmsat Personsstl Comments
Name Controlled (Sk) Operating (NO.)

BudRet(Sk)
MansgemmstSection axttndsbeyondcisyIim* io levelsisdeployable,butisstill bringtine

someueastobringWaleand tsmtd.Transit statusinformation is
(hsnSy controlled~l~itk illtO cxpcctcd to be deployed in 18-20 momlls
thesystem.

Wastsingta$DC Washiin DC WashingtonDC 13$0 NA 10
TrafticSignatSysstm

WestPalmBeactk PatmBeachCounty Withinthegeographic 383 4500 2s0 9
fha Rruoss,Dclsay, Trafic Control Signal bmmdsricsof Pslm Bewh
FL Center Counsy.

Sourcw Intelligent Transportation Itthstructttrc Deployment Database (1996)





APPENDIX E

PROJECTED NATIONAL IMPLEMENTATION COSTS
OF FIVE MS MARKET PACKAGES





Table E. 1. Projected National Implementation Costs (1996 dollars) of the Broadcast Traveler
Information Market Package for Urban and Interurban Regions for a

Ten-Year Deployment Period

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

IN-VEHICLE

INFRASTRUCTURE

Urban Inter Urban Inter
Basic Vehicle 598 X 10-6 598 X 10-6 68 x 10-6 68 x 10-6
Reception /vehicle /vehicle /vehicle /vehicle
Basic Information 121 32 17 5
Broadcast
Collect Traffic 135 36 19 4.5
Surveillance
Roadway Basic 3,262 877 464 125
Surveillance
Transit Center Fare & 95 22 13 3.2
Load Management
Transit Center Fixed- 54 13 8 2.0
Route Operations
Transit Center 154 36 22 5.0
Tracking & Dispatch
TOTAL 3,821 1,016 543 144.7
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Table E.2. Projected National Implementation Costs (1996 dollars) of the Interactive Traveler
Information Market Package for Urban and Interurban Regions for a

Ten-Year Deployment Period

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
Interactive 5,294 X 10-6 5,294 X 10-6 605 X 10-6 605 X 10-6

IN-VEHICLE Vehicle /vehicle /vehicle /vehicle /vehicle
Reception
Interactive 1,619 264 231 38
Infrastructure
Information
Collect Traffic 121 32 17 5
Surveillance
Roadway Basic 3,262 877 464 125
Surveillance
Transit Center 95 22 13 3.2

tNFR4sTRucTuRE Fare & Load
Management
Transit Center 54 13 8 2.0
Fixed-Route
Operations
Transit Center 154 36 22 5.0
Tracking &
Dispatch
Transit Center 47 11 7 1.6
Demand
Responsive
Operations

TOTAL 5,352 1,255 762 180
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Table E.3. Projected National Implementation Costs (1996 dollars) of the Dynamic Route
Gui&nce Market Package for Urban and Interurban Regions for a

Ten-Year Deployment Period

Life cycle cost Levelized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
Basic Vehicle 598 X 10-6 598 X 10-6 68x 10-6 68x 10-6

IN-VEHICLE Reception /vehicle /vehicle /vehicle /vehicle
Vehicle Route 5,106 X 10-s 5,106 X 10-6 584x 10-6 584 X 10-6
Guidance /vehicle /vehicle /vehicle /vehicle
Basic Information 121 32 17 5
Broadcast
Collect Traffic 135 36 19 4.5
Surveillance
Roadway Basic 3,262 877 464 125
Surveillance

NFRASTRUCTURE Transit Center 95 22 13 3.2
Fare & Load
Management
Transit Center 54 13 8 2.0
Fixed-Route
Operations
Transit Center 154 36 22 5.0
Tracking &
Dispatch
Transit Center 47 11 7 1.6
Demand
Responsive
Operations
TOTAL 3,868 1,027 550 146
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Table E.4. Projected NationalImplementation Cos~(1996dollm) of the ISP-BaedRoute
Guidance Market Package for Urban andhterurban Regions for a

Ten-Year Deployment Period

I Life cycle cost I Levelized cost [
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter

N-VEHICLE

NFRASTRUCTURE

Interactive Vehicle 5,294 X 10-6
Reception /vehicle
Vehicle Route 5,106 X 10-6
Guidance /vehicle
Interactive 1,619
Infrastructure
Information
Infrastmcture 24
Provided Route

5,294X 10-6 I 605x 10-6I 605x 10-6 I
/vehicle /vehicle /vehicle

5,106 X 10-6 584x 10-6 584 X 10-6
/vehicle I /vehicle I /vehicle I

264 231 38 I
6.2 I 3.4

I

0.9
I

Selection
Collect Traffic 135 36 19 4.5
Surveillance
Roadway Basic 3,262 877 464 125
Surveill~ce
Transit Center Fare 95 22 13 3.2
& Load Management
Transit Center 54 13 8 2.0
Fixed-Route
Operations
Transit Center 154 36 22 5.0
Tracking & Dispatch
Transit Center 47 11 7 1.6
Demand Responsive I I I I I
Operations I I I I

TOTAL I 5,390 1,265 767 180
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Table E.5. Projected National Implementation Costs (1996 dollars) of the Intersection Collision
Avoidance Market Package for Urban and Interurban Regions for a

Ten-Year Deployment Period

Life cycle cost LeveIized cost
Equipment packages ($M) ($M/year)

Urban Inter Urban Inter
Vehicle 4,854 X 10-6 4,854 X 10-6 555 x 10-6 555 x 10-6

N-VEHICLE Intersection /vehicle /vehicle /vehicle /vehicle
Control
Roadway 1.4 0.2 0.02 0.03
Intersection
Collision
Roadside Signal 601 68 86 10
Priority
Roadway Signal 3,981 333 567 47
Controls

NFFLWTRUCTURE TMC Multi-Modal 890 75 127 11
Coordination

TOTAL 5,473 476 780 68
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