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Disclaimer

The opinions, findings, and conclusions expressed in this publication are those of the
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Metric Conversion Chart

APPROXIMATE CONVERSIONS TO SI UNITS

SYMBOL | WHEN YOUKNOW |  MULTIPLY BY TOFIND | SYMBOL
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in’ squareinches 645.2 square mm?®
millimeters
ft* squarefeet 0.093 square meters  |m’
yd? square yard 0.836 square meters  |m*
ac acres 0.405 hectares ha
mi® square miles 2.59 square km?
kilometers
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or  |Mg (or "t")
"metric ton")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux I
fl foot-Lamberts 3.426 candela/m cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per 6.89 kilopascals kPa

square inch

*Sl is the symbol for the International System of Units. Appropriate rounding should be

made to comply with Section 4 of ASTM E380.
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Executive Summary

The Florida Standard Urban Transportation Model Structure (FSUTMS) represents a
formal set of modaéhg steps, procedures, software, file formats, and guidelines
established by the Florida Department of Transportation (FDOT) for use in travel demand
forecasting throughout the State of Florid@he planning of Intelligent Transportation
Systems (ITS) ragires the use of tools to assess the performance of ITS deployment
alternatives relative to each other and to other types of transportation system
improvement alternatives. Existing travel demand models do not have the ability to
assess the impacts bfS, although ITS sketch planning tools have been developed for
this purpose. These toalse the data producég demand forecastingiodelsas inputs

The current FSUTMS software environment has powerful data handling and modeling
capabilities that allowhieimplementatiorof advanced evaluations of ITS deploymeass

part of this environment This implementation ol TS evaluation capabilities will allow
powerful, user friendly, flexible, and consistent evaluations of ITS deployment
alternatives in Florida

The goal of this project i® assess andevelop tools and procedurts performsketch
planning evaluation of the costs and benefits of ITS alternativéhin the
FSUTMSLCubesoftwareenvironment The specific objectives of th@ojectare:

e To assesthe methods and procedures used in previous studies and existing sketch
planning tools to evaluate ITS deployment

e To identify methods to evaluate ITS deployment alternatives

e To identify modules to estimate travel time/delay, fuel consumption, emission,
and crashes as part of the developed tool

e To identify default benefit, cost, and dollar value parameters for use in the
developed tool

e To identify processes for implementing the identified procedures and methods in
regional FSUTMS models

e To i_mplemented antest the procedures and methods in an FSUTMS modeling
environment.
It is possible to evaluate the following types of ITS deploymertitsthe current version
of the tooldeveloped in tis project
e Ramp netering
¢ Incident managemenystems
e Highway advisry radio (HAR) and dynamic messaggns (DMS)
e Advanced travel informationystems
e Managedanes
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¢ Signal ontrol

e Trarsit vehicle signal pority

e Emergency ehiclesignal piority

e Monitoring and management of fixed routartsit
e Transit information gstems

e Transit £curity systems

e Transit electronic payment systems

e Smart work zones

¢ Road weather informatiorystems(RWIS)

This project identified and implemented an evaluation method for each of the above
evaluated ITS deployment components. These msthreduire three types of
parameters: 1) ITS impact factors, 2) cost parameters, and 3) benefit dollar values. The
default values for these parameters were selected based on a review and assessment of the
information available on the subject.

Dependingon the types of the evaluated ITS deployments, the tool can produce various
performance measures including:
e Vehicle miles of travel (VMT);
e Vehicle hours of travel (VHT);
e Average speed,
e Number of accidents
o Fatality
o Injury
o Property damage only
e Fuel Consumpbn (gallons)
e Monetary benefits to users and/or agency, as appropriate
e Emission (gm)
o Hydrocarbon
o Carbon monoxide
o0 Oxides of Nitrogen

Sketch planning tools require base modules to estithataboveperformance measures
based on network geometry and trafbperation parameters. Some of the required
modules are already available in the FSUTNM&her modules required to calculate the
performance measures are not currently available in the FSUTMS and had to be

Vi
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implemented in this studyThese additionamoduksincludethoserequiredto estimate
emissions, fuel consumption, and safety.

Because of the differences in the structures and variables of FSUTMS implementations in

various Florida regions, it is anticipated that an additional effort will be requiced t
incorporate the developed toml the FSUTMS regional moels.

Vil
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1 Introduction

1.1 Background

Intelligent Transportation Systems (ITS) planning requires tlkeofisools to assess the
performance of ITS deployment alternatives relative to each other and to other types of
transportation system improvement alternativ&saumber of sketch planning tools have
been developed to support the evaluation of ITS aliegsbased on the utilitlgased
and/or theeconomicabased approachés.These tools range in details from simple
spreadsheets with simplified assumptions thie SCRening Aralysis for ITS (SCRITS)

tool? to more sophisticated tools like the ITS Dept@nt Analysis System (IDASand

the ITSOptions Analysis Model (ITSAOM].

The Florida Standard Urban Transportation Model Structure (FSUTMS) represents a
formal set of modeling steps, procedures, software, file formats, and guidelines
established by thElorida Department of Transportation (FDOT) for use in travel demand
forecasting throughout the State of Floriddhe FSUTMS modelsre calibrated to match
observed trafficzolumesfor a given point in timeOnce this is accomplished, the models
maythenbe used tdorecastfuture trafficdemands and performance

The Florida Department of Transportation (FDOT) led an effort to develop an approach
to interface the FSUTMS and IDAS programs.An additional FDOT effoft’
customized the IDAS benefit antbst parameters and databases to better reflect the
Florida benefit/cost values.

! Hadi, M.A., D. Quigley, P. Sinhaand L. HsiaiUsi ng | DAS as Par't of the Ranl
Depl oyment Alternatives, 0 Presented at the 12th Worl
2005.

AiUser 6s Man u a leeningAnalysts@RITST Brepar&dor Federal Highway Administration

Office of Traffic Management and ITS Applications Prepared by Science Applications International

Corporation January, 1999

*A TS Deployment Anal ysi s System (the BaAlG3 Highway r 6 s Ma n u
Administration by Cambridge Systemati©akland, CA, November 2001.

“Thill, JC.,and G. Rogovai The | TS Options Analysis Model Technica
the New York DOT by Calspan UB Research Center and Universiyfédlo, Buffalo, NY, October 13,

2005

*AFSUTMS /| DAISMamuteaelr f Ager oach, 6 Prepared for FDOT b
Tallahassee, FL, April 2003.

® Hadi, M.A., D. Quigley, P. Sinha, and Hsia, iBenefit and Cost Parameters for Use in Eviadus by

the Intelligent Transportation Systems Deployment Analysis System in Flodidensportation Research

Record Washington, D.C., January 2005.

" Hadi, M.A., D. Quigley, P. Sinha, and Ar i shnamurthy, Al ntelligent Tr i
DeploymentAnal ysi s System Customization, O Final Report
Tallahassee, FlOctober 27, 2005
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The Metropolitan ITS Deployment tracking effort of the Research and Innovative

Technology Applications (RITA) of the United State Department of Transportation

(USDOT) indiates that of the 108 largest metropolitan areas in the United States, 20
agencies had used IDAS in their evaluation and planning of ITS by the year 2004.

Despite the powerful modeling capabilities of IDAS, a number of issues are associated
with its use tcevaluate ITS alternatives in Florida. First, IDAS includes internal models
that are different from the calibrated regional demand models. This results in
inconsistencies in the evaluation and forecasting processes between IDAS and the
regional models. S@ndly, IDAS was written in the mid 1990s, thus rendering the
softwareds operations and usddate. Thitdlg,ithe ac e
evaluation methodologies and the ITS components included in the IDAS evaluations
were estblished inthe 1990s, when the ITS field wasst beginning to be deployed. The

ITS field has experienced considerable developments and advancements since then. Thus,
a reevaluation of the methodologies and parameters used in sketch planning tools in
needed, basemh what has been learned in the past 10 years of ITS deployments.

A Northeastern lllinois case study, conducted by the Chicago Area Transportation Study
(CATS) to evaluate IDAS capabiliti@ssuggested that ITS evaluations should be
incorporated as padf the CATS regional travel demand modelghe studystated that

this implementation will ensure the consistency of reporting measures, reducing the
duplicated effort on converting the network files and demand matrices into the format
required by IDAS, ath enhanced analysis capabilities.

The advancements in transportation demand forecasting models and the integration of
these models with geographic information systems make them attractive environments
for the development of ITS evaluation tools. In 2082 FDOT model task force
selected the Cube software environment as the FSUTMS software engine. This software
environment has powerful data handling and modeling capabilities that allow the
incorporation of advanced evaluations of ITS deployments.

Theresearcheffort discussed in this report is to implement ITS evaluation capabilities as
part of the FSUTMS framework, which will allow powerful, user friendly, flexible, and
consistent evaluations of ITS deployment alternatives in Floridaatitisipatedhat this
research isthe first phase of an effort to develop an integrated ITS evaluation
environment In the future, it is anticipated thather tools such as mesoscopic and
microscopicsimulation/dynamic traffic assignment models viaé integrated apart of

the FSUTMSLCube environment

8 Heither, C. and M. Thomas,dlesting of IDAS Capabilites Using Northeastern IllinoiS
De p | oy nmorkingpapér 0306, August 2003
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1.2 Objective

The goal of this project i® assess andevelop tools and procedurts performsketch
planning evaluation of the costs and benefits of ITS alternativéhin the
FSUTMSLCubesoftwareenvironment The specific objectives of the study are:

e To assess the methods and procedures used in previous studies and existing sketch
planning bols to evaluate ITS deployment

e To identify methods to evadte ITS deployment alternatives

e To identify modules to estimatieavel time/delay, fuel consumption, emission,
and crasheas part of the developed tool

e To identify default benefit, cost, and dollar value pararsefer use in the
developed tool

e To identify processes for implementing the identified procedures anddseiin
regional FSUTMS models

e To implemented and test the procedures and methods in an FSUTMSngodel
environment

Figurel-1 presents an overview of the tasks performed in this study to satisfy the project
objectives.

1.3 Document Organization

This document is organized into the followidgapters:

U Chapter 17 Introduction: This section presents background information and the
document objectives

U Chapter 2 i Overall Review of ITS Evaluation: This chapter contains an
overall reviewof the tools and procedures that have been used in evaluating the
benefits and costs of IT&s part of the ITS$lanning process, in addition to a
review of topics related to thevaluation

U Chapter 31 Supporting Modules: Sketch planning tools require & modules
to estimate traffic demands and performance measures based on network
geometry and traffic operation parameters. Some of the required modules are
already available in the FSUTMS. Other modules required to calculate the
performance measures aret icurrently available in the FSUTMS. This chapter
includes a review of the required base models.

U Chapter 4 1 Evaluation Parameters The ITS sketch planning evaluation
requires three types of parameters: 1) the ITS Impact factors, 2) cost parameters,
and 3 benefit dollar values. This chapter presents a discussion of these
parameters. The selection of cost and dollar value parameters is discussed in this
chapter. The selection of default impact factors for individual ITS components is
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discussed in the chagts of this documents that discuss the evaluation of these
componentsGhapters 6 to 16s discussed beldw

U Chapter 517 General Requirement and DesignThis chapterdetails the general
requirements of the ITS evaluation tool, developed as part of thjecprto
support the evaluation of ITS for planning purposes. These requirements address
the different types of evaluated ITS deployment, evaluated impacts/performance
measuressupporting modulegndothergeneral evaluation requirements.

U Chapters 6 to 16: Each of these chapters discusses the evaluation of an
individual ITS deployment component. A review and assessment of previous
evaluation approaches of the ITS component is presented. Then, the requirements
of the evaluation of the ITS component isgmeted followed by the evaluation
methodology used in the tool developed in this study. Finally, the implementation
of the evaluation methodology in the tool is discussed including the modeling
structure, input interface, and output Interface.

A A A A
Stakeholder Review of Exist Review of Benefit Review of Cost
Workshop Tools Evaluate Methods Estimation
l A
Identify

A

Requirements

Analyze
Requirements

> Tool Design

A
Implementation in
Script language

Testing

\ 4

End

Figure 1-1 Flow Chart of the Development of the ITS Evaluation Tool
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2 Overall Review of ITS Evaluation

This chapter contains an overall review of the tools and procedures that havedukien us
evaluating the benefits and costs of the ITS planning process, in addition to a review of
topics related to these evaluations. The review of previous studies related to methods
used to evaluate individual ITS components and the supporting modutezdctdate
various measures of performance have not been incorporated into this chapter, but are
detailed inChapters to 16.

2.1 Goal-Based versus Economical Approaches

The decision to select between ITS deployment alternatives requires the evaluation and
ranking of these alternatives relative to each other and possibly to other improvement

alternatives. In general, two main approaches have been used in previous studies for the
evaluation and ranking of ITS project alternatives:

e The first approach is thetility -basedappoach, also referred to as the goal
oriented or the performandmsedapproach: The utilijpased approach is based
on the calculation of a utility value for each ITS deployment alternative to indicate
its ability to meet identified ITS gém and/or performance measures (project
ranking criteria).

e The second approach is the economic approach also referred to as thecbshefit
approach. The economical analysis approach compares ITS deployment
alternatives based on their benefit to costogtr their net present worth (or
annualized) benefits.

Previous studies have used either the economic approach or thebasiégt approach to
decide between ITS deployment alternatives. As stated in Chapter 1, a number of tools
have been developed support the evaluation of ITS alternatives. These tools can be
used as part of the ITS evaluation using the uilaged approach and/or the economic
approach. However, these tools may not be sufficient to evaluate all the performance
measures that need be considered in the evaluation and ranking ITS deployment
alternative. For this reason, the evaluations of some of the quantitative and qualitative
measures may need to be done using other processes, in combination with the use of the
supporting tools.

The FDOT Al ntel |l i gent Transportation Syst ems
Cust omi study disousséd in Chapter 1 used a ranking procedure that utilizes
IDAS to quantify the costs and some of the benefits of ITS deployment alternatives.

® Hadi, M.A., D. Quigley, P. Sinha, and Ar i shnamurthy, Al ntelligent Tr i
Depl oyment Anal ysi s System Customization, o6 Final Re
Tallahassee, FlQctober 27, 2005
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Project benefg such as travéime reductions, environmental improvements, and
accident reductions are estimated using IDAS. Other criteria such as supporting
evacuation operations, special event traffic, construction activities, and commercial
vehicle ogrations werequantified using ofimodel calculations. These calculated -off
modelcriteria were assessed without the use of IDAS and used in combination with the
measures quantified using IDAS in the overall project ranking process (see Section 2.6 of
this report for mee details).

The FDOT IDAS customization study mentioned above recommended that the utility
based and the economic approaches should be used in combination with each other. The
economic approach results can be used to show how the benefit dollar ahEse

with the cost dollar values, providing a financial justification for investing in ITS. The
utility -based approach can be used to indicate how well the ITS deployment alternatives
meet the criteria and weights identified by the project stakeholders.

2.2 Breakeven Analysis

A brealeven analysis was used in an ITS evaluation study in Wisctmstentify the
brealeven points of ITS deployment amis’® The rationas is that benefit cost analysis
cannot be done in a specific location without detailed lbedmid after data on the actual
performance of a system. Brealen analysis provides a method to determine the
minimum level of performance necessary for a system to have a level of benefits that
equal its costs. Such an analysis can be useful since thksrean beassessed to
determine how closelthe ITS deployment is from an acceptable solution. For example,

if a ramp metering system requires a speed increase of 20 miles per hour to break even on
a highway that operates at a peak hour speed of 50 iwbuld not be a reasonable
alternative since the resulting speed would be in excess of the normal free flow speed on
a urban highway. However, if a 5 mph increase were required to break even on a facility
with operating speeds of 35 mph, it woldé a dsirable alternativeA spreadsheet
sketch planning tool (SCRITS) was used in the breakeven analysis in the Wisconsin
study mentionedlmve.SCRITS will be describeldter in this document.

2.3 Existing Sketch Planning Tools

This section consist an overafiiew of three existing sketch planning tools. Additional
reviews of the methods and parameters used in these tools are pres@itaptars 4 to
16 of this study.

10 ZhongRen P. and EBeimborn fiA Breakeven Analysis for Statewide ITS Project Identification and
A's s e s s Rrecaetings of the Transportation Research BAR@) annual meetingWashington,
D.C., Januarg001.
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2.3.1 IDAS

The Intelligent Transportation Systems (ITS) Deployment Analysis System (IDi&S)

an ITS sketch planning analysis tool that can be used to estimate the impacts and costs
resulting from the deployment of various ITS components. I&Sesseshanges in
several performance measures, such as travel time/speed, travel time reliability, fuel
costs, operating costs, accidents, emissions, and noise. IDAS also provides benefit to cost
comparisons of ITS improvements individually and in combinations.

IDAS can assess the impacts and costs of 12 different categories of ITS deployments.
These demyments include: arterial traffic management systems (ATMS), freeway traffic
management systems (FTMS), advanced public transit systems (APTS), incident
management systems (IMS), electronic payment collection, rail road grade crossings,
emergency managenteservices, regional multimodal traveler information systems,
commercial vehicle operations (CVO), advanced vehicle control and safety systems,
supporting deployments, and generic deployments.

The IDAS software includes default values for the inputs reduio calculate the costs

and benefits of ITS deployments. These defaults are based on the analysis of the data
presented in the USDOIT S BenefitsandITS Unit Costs Database$he default benefits

are also based on an extensive review of literatureoimeeid by the IDAS developers
during the initial development stages of the software. IDAS also allows users to assign
weights to ITS project performance measures to determine the overall benefit valuation
of the project.

2.3.2 ITSOAM

The ITS Options Analysis Miel (ITSOAM)? is an intelligent transportation system
sketch planning tool developed for the New York State Department of Transportation by
Calspan UB Research Center and the University of Buffalo. The ITS elements evaluated
in the ITSOAM software are:

e Advanced traveler information systems including dynamic message signs (DMS),
highway advisory radio (HAR), information kiosks, and other-advscription
information services.

e Detection sensors and surveillangstems

e Highway energencyservice jatrol

A1 TS Deployment Analysis System tHelFBdaral)Highwayer 6 s
Administration by Cambridge Systematics, Oakland, CA, November 2001.

12ThiII,C.and G. Rogova AThe I TS Options Analysis Model:

Ma n

1

4.101305),0 or the New York St at BReBearphaCerttemremcht of Tr an:

University at Buffalo, Buffalo, NY, 2005.
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e Adaptive ramp netering

e Adaptive traffic ontrd systems

¢ Road weather informatiorystems
e Weighin-motion

ITSOAM does not calculate the benefit/cost ratios of ITS deployment alternatives.
Rather, it estimates the benefits of the alternatives.

Three types binformation are used for the benefits models in ITSOAM:

U Domain knowledge information:This information contains data related to traffic
operation and the geometry of the transportation system such as road network
attributes and historical travel paranmeteTravel parameters include travel time,
average number of incidents, traffic composition (commuters;coonmuters, and
commercial vehicles), roadway capacity, number of lanes, characteristics of different
categories of delay, information on differeat@gories of incidents, etc.

U Constants These parameters represent the use of ITS elements and proportional
improvements due to these ITS elements. The literature bases average values on
simulation and operational test results. Examples of these paranmsieide the
number of travelers willing to divert as a result of information obtained from DMS
and/or HAR messages apercentage change in trawghe due to adaptive signal
control.

U Variables: The user of the model can define a number of variableaglexaluation
including additional baseline information and attributes of the ITS deployment.

The ITSOAM user guide recommends an analysis of the sensitivity of the model results
to the assumed values for the evaluation parameters.

2.3.3 SCRITS

SCRITS (SCReeninfor ITS)? is a spreadsheet analysis tool for estimating the benefits
and costs of ITS. SCRITS is structured in a Microsoft Excel workbook format and
requires the user to provide baseline data from other local sources such as count data and
demand forecasmg model data. Examples of SCRITS inputs include vehicle miles
traveled and vehicle hours travelled. SCRITS produces benefit estimates based on total
daily data. The only analysis that uses peak period analysis is the ramp metering analysis.

Sixteen ITS applications are included in the SCRITS spreadsheet. The SCRITS manual
states that applications were selected based
assessment of information available to use a
applicatons included in the SCRITS spreadsheets are:

BAUser 6s Man u a leeningpAnalySisia ITS Breparedl dor Federal Highway Administration
Office of Traffic Management and ITS Applications Prepared by Science Applicationsatidaat
Corporation January, 1999
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Closed circuit television (CCTV),
Detection,

m [mr

Highway advisory radio (HAR),

Variable message signs (VMS),

Pagerbased systems,

Kiosks,

Commercial vehicle operations (CVO) kiosks,

Traffic information over the Itrnet,

Automated vehicle location (AVL) systems for buses,

m- m: m- m m- m m- [mr

Electronic fare collection for buses,

Signal priority for buses,

Electronic toll collection,

Ramp metering,

Weighin-motion (WIM) systems,

Highway/rail grade crossing applications, and

m; m/ m; m/ m;

Traffic sigralization strategies.

2.4 Time-of-Day Modeling

One of the most important factors taken into account when evaluating ITS, is the time
period used for the analysis. IDAS allows the analyst to perform the analysis for the peak
hour, peak period, or daily tradfioy inputting trip matrices produced for these periods by

the used demand model. ITS assessments are more realistic when done eof-@ayne

basis. Because of this, it is recommended to perform the analysis based orhayseak
peakperiod basis rattr than on a daily basis. The benefits from the demand models need

to be assessed based on various periods during the day and the benefits have to be
summed overall the analysis time periods.

The time-of-day factor (TODFhas been defined dle ratio ofvehicle trips made in a
time-of-day period (or hour) to vehicle trips irose given base period, usually cohegy.

If applied prior to trip assignmernthese timeof-day factors areisually determined from
household activity/travel survey data and from-board transit and intercept auto
surveys, with a separate TODF for each trip purpossppfied after assignment, thare
generally estimated frontraffic data (e.g., 2dour machine counts on streets and
highways, transit counts, tnuck counts)perhas interpreted and adjusted basedlata
from special studies (e.travel surveys ofworkplaces and customserving businesses
in a particular area atriveway counts atajor activity centers). Occasionally, tiroé
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day factors arédorrowed from otherraas and adjusted during the model calibration
process.

In order toproceed from the initial daily trigeneration estimates to the volume estimates
by time period,the average daily traveéstimates must be converted to trips by time
period. This timeof-day assignment caaccur at four instances during timeodeling
process”

1. After trip assignment: In the after trip assignment method, the assigned daily link
volumes are factored to produce volume estimates by time of day. This method is the
simplest angbrobably the most commonly used. The pastignment static technique
uses a daily traffic assignment as a basis. In its simplest form, peak hour factors
(usually in the range of 8 to 12 percent) are used to reflect peak periddvaik
travel demand. Irthis approach, the daily assigned volumes are multiplied by the
peak period factor to estimate peak period demands.td¢hnique can be refined to
reflect different peak hour percentages. A directional split percentage derived from
observed traffic contlons can be applied to obtain lidvel peak volumes. This
procedure yields onlg rough approximation of link or corridtavel peaking

2. Between mode choice amdp assignment: pealkour trip tables arased as inputs to
time periodspecific trip asgnments. The Jacksonville model developed for the
Jacksonville Transportation Authority (JTA) is arampleof how this approach is
utilized. This model was produced and validated for the AM and PM peak pénods
other regions, models have been produfedthe AM, PM, and offpeak periods.
Daily traffic volumes are produced by adding up the results of nioening,
afternoon, and ofpeak period traffic assignmentBhe process for preparing peak
hour directional trip tables requires the factoring of ttaély person or vehicle
productionattraction formatted trip tables to peak hour (or pera)in-destination
formatted vehicle trip tables. The requirdatainclude an hourly distriltion of trips
throughoutthe day. These should bggregatedby trip purpose, usually groupeato
homebased work, hombased notwork, and norhomebasedtrips. From this
distribution of trips, factors are developttht represent the percentages of the trips
(by purpose) during each hour and for each direction, pranuictattractionand
attractionto-production. The hourly distribution is developed from local travel survey
data. The productieattraction formatted trip tables are multiplied by the appropriate
factors and transposed where necessary to produce balamngeddestination trip
tables.

3. Between trip distribution and mode chaite this method, the total daily person trip
tables by purpose are divided into total person trip tables by purpose for each time
period. These estimates are then used as inpuithe¢operiod specific mode choice
models. Directional splits (e.g., home to work vs. work to home) must be determined
as part of this process. If peak period to peak hour conversions are also done at this
point, a second set of factors must be implemented

14Pendyal a, R.M., ATime of Day Modeling Procedures fo
BC35308, Prepared for the FDOT by University of South Floridacember 2002
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4. Between trip generation and trip distribution: This process factors the daily trip
productions and attractions by purpose and zone to produce trip end estimates by
purpose and zone for each time period. These estimates are then used as inputs to
time perod specific trip distribution and mode choice models. Directional splits (e.g.,
home to work vs. work to home) must be determined as part of this process. If peak
period to peak hour conversions are also done at thig, @ second set of factors
must beémplemented

2.5 Performance Measures Produced by Sketch Planning Tools

Existing sketch planning tools calculate various performance measures that can be used
in the assessment of ITS alternativEable 2-1 presents a summary of tiperformance
measures that these sketch planning tools calculate. The following subsections present a
more detailed discussion of these measures.

Table 2-1 Comparison of Performance Measures Produced by Exiag Sketch
Planning Tools

Performance Measure IDAS SCRITS ITSOAM
Mobility

Time Savings V \ \
Travel Time Reliability \

Safety

Accident \ v v

Vehicle Operation

Fuel Consumption \ N, N
Non-fuel Operation Costs v

Environment

Emissions N \ \

Note: IDAS actually calculates travel time reliability as wenurring delay.

11
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2.5.1 IDAS

IDAS has a benefits module thedtimats theimpacts resulting from the deployment of
ITS componentsThese impacts are quantified using various performance measures of
travel time, travel time reliability, throughput, safety, emissions, energguroption,

and noise.

The travel time/throughput submodule determines the impacts in transportation system
capacity and operational efficiency resulting from the deploymeht®improvements.

The travel time/throughput submodule is capable of determining the impacts on traveler
responses including route diversion, mode shift, temporal diversion, and
induced/foregone demand.

Using the pdormance statistics generated from thavel time/tmoughput submodule,

the enviroment submodulén IDAS estimates environmental performance measures by
using a series of detailed loalp tables that consider emissions and energy consumption
rates by specific network volume and traffic opieigi characteristicdDAS incorporates
emissions and energy consumption rates from currently available sources, including
Mobile 5aandthe California Air Resources Board EMFAC.

The IDAS safety submodule provides estimates of the number and sevextjderas

Based on performance statistics calculated from the travel time/throughput submodule,
the safety submodule determines the safety bendfit$S by usng detailed accident
rates incorporated ilook-up tables.

Improvements to incident delays astimated in IDAS by a pogtrocessor immediately
following the completion of the finassignmentSeparate estimates are produced for the
control alternative and ITS option.

The performance measumg®duced by IDASre:
¢ Vehicle miles of travel (VMT)
e Vehicle hours of travel (VHT)
e Average speed
e Person hours of travel (PHT)
e Number of person trips
e Number of accidents
o Fatality
o Injury
o Property damage only

e Travel Time Reliabity (hours of unexpected delay)
e Fuel Consumption (gallons)

12
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e Emissions
o Hydrocabon am reactive organic gases
Carbon monoxide
Oxides of Nitrogen
PM10
Carbon dioxide

O O O O O

Sulfur dioxide

2.5.2 ITSOAM

ITSOAM includes the evaluation of a number of performance measures as follows:
e Travel time/delay reduction benefits
e Safety benefits
o0 Reduction of the nubrer of accidents (primary or secondary)
0 Reduction of number of fatalities
0 Reduction of accident cost
¢ Emission and fuel consumption benefits
0 Reduction of VOC emission
0 Reduction of NOx emission
0 Reduction of CO emission
o Reduction of fuel consumption

2.5.3 SCRITS

The primary measures of effectiveness calculated by SCRITS vary by individual
application, but generally include the following:

E Travel time in vehiclehours
Total travel in vehiclamiles
Emissions (CO, NOx, HC)
Vehicle operating costs
Energy consumption
Number of accidents

me m- m m me [mr

Economic benefit and benefit/cost ratio

13
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2.6 Identified Planning Measures for ITS Evaluation in Florida

The Flori dads ' lwasSlevSdpeddot peogde @ visioh fomthe growth of

ITS and the ITS Program for the State of Florildh e goal s contlESi ned i n
Strategic Plamare based on the goals set forth in2620 Florida Transportation Plamd

t he National | TS program pl an. The goals a
Strategic Plan can be used as a basis &mphg of ITS. These goals and objectives are:

Safe transportation for residents, visitors, and commerce

Preservation and management of Fl oridads
A transportation system that enhances FI
Atransporta¢t on system that enhances Floridaos
An integrated, effective system

m: m- m mr me [mr

A well preparedand secure transportation system

As mentioned earlier in this report, a number of evaluation criteria were identified in a
previous FDOT study to rank ITSternatives and to assign weights to these crit8ria.

The criteria and weights were selected based on the results from a meeting of FDOT ITS
engineers conducted as part of the Flotelayear TS costfeasibility plan to identify

the ITS project evaluaio cr i teria and their weights and
strategic plan, goals and objectives.

This section discusses the selected ranking criteria that could be evaluated using sketch
planning tools like IDAS:

e Safety:One of the major goals of Bothe national and Florida ITS programs is
reducing accidents and accident severity. A weight of 20 percent was associated
with this measure. IDAS computes the impacts of ITS deployments on the number
of fatality accidents, injury accidents, and PDO aatisle

e Congestion/Mobility:Efficiency and mobility are important goals of the national
and Florida ITS programs. A weight of 25 percent was assigned to mobility
measures such as travel time and travel time reliability.

e Environment and Energy Measuré$: or i dads | TS strategic pl
need to provide transportation solutions, which enhances the quality of life. This

15 fThe 2005 Update of Florida's ITS Strategic Plan Fi n a | Report Prepared by F
Tallahassee, FL, December 2, 2005.

% Hadi, M.A., D. Quigley, P. Sinha, and &Ar i shnamurt hy,6 oftdtontSydtems gent Tr .
Depl oyment Anal ysi s System Customization, o6 Final Re
Tallahassee, FlQctober 27, 2005
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includes preserving the environment and saving energy. IDAS estimates the
reduction in emissions, noise, and fuel consumptanebch ITS alternative. A
weight of 10 percent was assigned to these measures. Of special note, a direct
relationship exists between these measures and the congestion/mobility measures.

e Agency and User Costs Measurgsis criterion is meant as one mesof the
ability of the ITS alternatives to satisfy the economic competitiveness goal of the
ITS strategic plan. It includes savings in agency costs due to increased efficiency
with ITS deployments. The weight assigned to this measure ipdnaent.

Same of the measures selected for ranking ITS alternatives cannot be quantified using the
sketch planning tool®ff-model calculations in combination with the results obtained
using the sketch planning model calculations.

Evacuation Operationg:his measureeflects the evacuation demand on the facility, its
ability to accommodate the estimated evacuation demand, and the number of evacuation
scenarios in which the volumes on these facilities reach a critical level. These attributes
could be estimated using &vacuation demand estimation tool such as that developed by
PBS&J, Inc. for the U.S. Army Corps of Engineers (USACH)e score for a given
facility segment was assigned based on an evacuation demantbiefeellity i (EDL))

as defined below:

EDL = SVR* NSF
where:

SVR = the service volume ratio or the ratio of the predicted total evacuation demand (i.e.,
volume) to the hourly capacity of a particular segmeas$ obtained from the demand
estimation tool developed for the USACE, and

NSF = a factor defined to reflect the number of evacuation scenarios in which the SVR
on the facility is expected to have an SVR of at least 16.

A weight of 15 percent was used for this criterion.

Commercial Vehicle Operation$his measure reflects the ITS batseto Commercial
Vehicle Operation§CVO). The scores can be assigned based on the relative values of the
truck volumes on the investigated highway segments. A weight of five percent was used
for this criterion.

Special Event Generator§his criterion eflects the use of highway segments by major
special event attendees in Florida. The scores for the highway facilities can be assigned
based on the estimated relative values of the special event volumes on the investigated
highway segments, with a scoreldi0 percent given to the segment that has the highest
estimated volume. A weight of 10 percent was used for this criterion.

15
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Programmed Capacity Improvementdie rationale for this criterion was that, from a
production standpoint, ITS deployments shadkhlly be constructed at the same time as

the capacity improvements. Also, the coordination of ITS deployments during roadway
widening or reconstruction would assist in leveraging valuable design and construction
dollars. ITS devices could also help in lwazone management during construction.
Scores were assigned to ITS projects based on scheduled capacity improvements by the
FDOT fiscal year. A weight of 10 percent was used for this criterion.

2.7 IDAS Assessments and Case Studies

This section elaborat@&m previous studies that have used and/or evaluated IDAS. The
results from these studies shed light on important issues in the use of sketch planning
tools in general and IDAS in particular for sketch planning level evaluation of ITS.

2.7.1 Northeastern lllinois Evaluation’

The purpose of the Northeastern lllinois case study conducted by Chicago Area
Transportation Study (CATS) was to test the capabilities of IDAS. Four types of ITS
deployments were investigated: electronic toll collection, freeway variableageess
signs, electronic transit fare collection system, and transit vehicle signal priority. Since
the study aimed at checking IDAS capacities, the default impact values were used in the
analysis, but the dollar values of the benefits were increased bpd@ént according to

the Consumer Price Index (CPI) to express the benefits in 2002 dollars.

To validate the IDAS traffic assignment for the base case, the study used theeawot

square error of the volumes on the links with more than 39,000 vehiudetha total
vehiclemiles traveled (VMT). The study showed that the traffic assignment results were
reasonable. Four discrepancies were identified based on the results that appear to be due
to computer programming errors. As a response to the findinghi®fpaper, the
developer of IDAS addressed three of the issues. However, the fourth issue (the
assignment of truck volumes to truodstricted links) was a problem in traffic assignment

and could not be corrected in the neam.

Other identified issuewere that the electronic toll collection deployment could not be
modeled on a lanby-lane basis but had to be calculated for the whole link. In addition,
the calculation of incident delays depended only on link V/C ratio, number of lanes and
VMT, but noton the number of incidents occurring on that link. Moreover, travel time
reliability was estimated only for the freeway due to the lack of data for the arterial
roadways.

The Northern lllinois study report found that IDAS did a better job in modelir® IT
deployments for highways than those for transit because it can only model transit
outcomes at a zonal level rather than transit network assignments.

' Heither C. and M. Thomas, fiTesting of IDAS Capabilites Using Northeastern lllinois ITS
Deployments) Working paper 036, August 2003.
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Based on these considerations, the report suggested CATS should incocpoate
IDAS methodologiess part of the CATS regional travel demanoldel insteadof using
IDAS per se This would have the following advantages:

0 Consistency of reporting measures such as including the emissions resulting from
vehicle cold starts

U Reduction of duplication of effo on converting the network files and demand
matrices into the formaequired by IDAS

U Direct reporting of analysis results without modifications such as restricting the
reporting area and converting truck traffic into vehicle trips instdagehicle
equvalent trips

U Better analysis of transit deployments, for example, analysis of the transit signal
priority based on specific bus routes and congesiimie tbased on highway
assignment.

Although experts from the IDAS development team and FHWA agreed wigh ofo

these points, they also mentioned that IDAS advantages include the more than 60 ITS
components it considers in its modeling matrices and that this model continually updates
impact values, equipment costs and equipment inventories.

2.7.2 Ohio-Kentucky-Indiana Evaluation®

This effort used IDAS in the evaluation of Advanced Regional Traffic Interactive
Management Information SystefARTIMIS) project evaluation, and the enhancements

of the ARTIMIS project. The evaluated ARTIMIS included the following ITS
compnents: closed circuit TV cameras (CCTV), electronic dynamic message signs
(DMS), traveler advisory telephone service (TATS), highway advisory radio (HAR)
freeway service patrol vans, ramp and reference markers, vehicle detectors, total station
electronicsurveying equipment, and operations control center (OCC). The planned year
2006 enhancement included arterial operations upgrades, airport kiosks, advanced public
transportation systems, traveler information for truck, emergency vehicle traffic signal
preenption, freeway bridge snow and ice removal, incident management components,
highwayrail intersection safety systems, and expansion of traveler information delivery.
The planned year 2010 enhancement further expanded the deployment of ITS elements to
include ramp metering, road weather system, parking management system,-kgat red
running enforcement system.

Data obtained from th&hio-KentuckyIndiana (OKI) regional travel demand model
were used to produce the inputs to IDAS. The analysis includedaA®! PM peak
periods. Careful considerations were given to match the ITS components to IDAS

8 fOhio-Kentuckyl ndi ana Regi onal Council of Governments?®o
Plan, ITS Deployment Analysis System (IDA%)).S. Department of Transportation Federal Highway
Administration, January 10, 2002.
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categories, since some categories (like freeway snow and ice removal) were not
considered in IDAS. As one critical step, some default impact values in &8
adjusted to reflect the local conditiahgor instance, the reduction in incident duration

was decreased from 55 percent to 22.5 percent, and the reduction in emissions and fuels
was dropped from 42 percent to 17.2 percent for the incident management system. T
market penetration of telephone and web information services was changed from the
default of 1 percent to 0.42 percent, and the time savings due to the dynamic message
signs was increased from 3 minutes to 17 minutes per diverted traveler. The p&rcent o
vehicles that tuned to the HAR broadcast was dropped to 5 percent from the default of 25
percent, and the percent time of extreme conditions for highway advisory radio was
decreased from 10 percent to 2 percent. The IDAS analysis results showed that the
application of ARTIMIS could achieve annual benefits of $135,850,000, indicating a
benefit/cost ratio of 12:1. The year 2006 and 2010 enhancements could also result in a
benefit/cost ratio of 12:1 and 9:1, respectively.

Based on the IDAS analysis resuieme improvements to the ARTIMIS system were
identified. For example, the incident management system generated the greatest benefits
of the ARTIMIS system, indicating that the investment in this system should increase.
The other recommendations includéd increase of market penetration of telephone/web
traveler information systems, improvement in the operability of HAR, increase of
dynamic message sign deployment, improvement in live video feed availability to the
emergency responders and public, ancettgansion of freeway service patrol.

2.7.3 Michigan Case Study®

The Michigan Department of Transportation (MDOT) deployed the Temporary Traffic
Management System (TTMS) to address the congestion resulting from486 |
reconstruction project. The ITS techngikes used in TTMS included closed circuit
television cameras (CCTV), portable dynamic message sign (PDMS), detection devices
for traffic queuing and construction zones, video monitoring stations, telephone/web
based traveler information, and a traffic mgement center (TMC). Besides these
technologies, the signals on major alternative routes were also upgraded. MDOT applied
IDAS to investigate the impacts of TTMS system on the roadway network and the
benefits associated with it.

The analysis consideretvd phases of construction and each phase consisted of three
time periods: AM peak period, PM peak period, and arpeék period that aggregated

all other time periods. The IDAS inputs for the network and travel demand matrices were
obtained from the TyCounty Regional Planning Commission (TCRPC) demand
forecasting model. Some impact values and dollar values were adjusted according to
local conditions, as listed ifiable2-2 andTable 2-3.

1 ACase Study 2: Michigan Department of Transportation Evaluation of the Temporary ITS for the
Reconstruction of -#96 in Lansing, Michigan, ITS Deployment Analysis System (ID&S),S.
Department of Transportation Federal Highway Administration, April 2622
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Table 2-2 Adjusted Impact Value for the Lansing I-496 Evaluation

Impacts IDAS Default

Incident Management System

Reduction in incident duration 55%
Reduction in fatalities 10%
Reduction in emissianand fuel 42%

Telephone and Web Information Services

Market penetration 1%
Time savings per traveler 15%
Signal Coordination

Central control corridor signal coordination 6-18%

Preset timing corridor signal coordination 8-25%

Adjusted Value

20%
6%

6%

1.4%

20%

14%

8%

Table 2-3 Dollar Values of Benefits Used in the Lansing-#96 Evaluation

Effective Measures IDAS Default

Adjusted Value

In-Vehicle Travel Time

Commercial trucks $16.96 per hour $20.80 per hour
Auto $9.63per hour $8.50 per hour
All other modes $8.90per hour $8.50 per hour

Out-of-Vehicle Travel Time

Commercial trucks $16.96 per hour $20.80 per hour
$17.00 per hour

All other modes $17.00 per hour

Fuel Costs
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Effective Measures

IDAS Default

Adjusted Value

Auto

$1.21 per gallon

$1.21 per gallon

Commercial trucks and buses

$1.15 per gallon

$1.15 per gallon

Non Fuel Operating Costs

Auto

$0.061 per vehicle milé¢

$0.03 per vehicle mile

Commercial trucks

$0.245 per vehicle mil¢

$0.10 per vehicle mile

Accident Costs

Fatality

All modesi internal costs

$2,317,398.00 per
fatality

$2,317,398.00 per
fatality

All modesi external costs

$408,952.00 per
fatality

$408,952.00 per
fatality

Injury

All modesi internal costs

$50,760.00 per incider

$50,760.00 per incider

All modesi external csts

$8,958.00 per inciden

$8,958.00 per inciden

Property Damage Only

All modesi internal costs

$2,824.00 per inciden

$2,824.00 per inciden

All modesi external costs $498.00 per incident | $498.00 per incident
Emissions

All modesi hydrocarbons $1,774.00 per ton $1,774.00 per ton
All modesi nitrous oxides $3,731.00 per ton $3,731.00 per ton

All modesi carbon monoxide

$3,889.00 per ton

$3,889.00 per ton

All modesi particulates

$11,066.00 per ton

$11,066.00 per ton

All modesi carbon dioxié

$3.56 per ton

$3.56 per ton
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The IDAS analysis results showed that thi96 reconstruction project would shift the
traffic from the Interstate to local arterials, which in turn, increased the travel time,
accidents, fuel consumption, and emissions.tkn other hand, deploying TTMS and
upgrading arterial signals may mediate such adverse impacts and result in a benefit/cost
ratio of 3.2:1.

2.7.4 Hampton Road Case Stud$’

The Hampton Roads region in Virginia is a major tourist destination with increasing
congestion problems. To assess potential solutions, ITS technologies, especially incident
management systems, were evaluated using IDAS. The study only focused on the
emissions benefits of incident management systems.

Two types of ITS components were included the IDAS analysis: Incident
Detection/Verification, and Combination Incident Detection and Response. The IDAS
analysis consisted of three scenarios: 1) the base case without ITS components, 2) current
ITS deployment, and 3) future improvements. In IDABe default values for the
emission reduction on affected link are 15 percent for incident detection/verification
system and 42 percent for the combined incident detection/verification and
response/management system. Although the analysts were naedaishg the same
reduction rates for different pollutants, due to the lack of data the default impact values
were used in the analysis.

IDAS analysis results showed that the implementation of incident management systems
may reduce emissions, howevds, imagnitude (44 percent) was considered too high.

To evaluate the IDAS results, an alternative method was applied to calculate emissions,
which was based on the number of incidents and emission reduction per incident based
on the experience of the SamaRcisco Bay Area that is, the analysis utilized a
predicted value o0 Ib/day for HC,710 Ibiday for CO, andL758 Idday for NOx. The
results of the alternative approach showed a reduction of 6.8 tons per day in NOx
emissions and a reduction of 2.7 tger day in HC emissions, which was 38 percent
lower than the IDAS results.

Finally, the IDAScalculated emission benefits were not accepted due to following
concerns:

U The emission benefits were directly estimated based on the outputs of the travel
demandmodel, which was not consistent with the traditional emission analysis
requiring posfprocess of travel demand model output.

U The analystswvere not convinced of the appropriateness of using the same
impact values for different pollutants.

®fcase Study 3: Evaluation of Emissions | mp
Virginia, I TS Deployment Analysis System (I
Administration, July 2, 2002.
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U Furthermore, thedDAS calculation of the reduction in emissions due to-non
recurrent congestion cannot be validated.

To finish the evaluation task, a traditional analysis approach, which was originally
developed to evaluate the benefits of a lighk system in the regig was employed to
calculate the emission benefits. The results of this approach were less than 5 percent of
the IDAS values.

2.7.5 Kansas City Study*

An Enhanced Congestion Management System (CMS) was developed for the Kansas
City, Missouri Region in 1999 tmitigate area congestion levels. The report explained
that the IDAS analysis covered a freeway incident management system, highway
information system (consisting of highway advisory radio and dynamic message signs),
and telephone/interndétased advancedatveler information system.

The results showed that the deployment of an incident management system could yield a
7.2 percent reduction in incident delay in this region and a 40 percent reduction within
the study area (a highly congested subarea of tfiene The safety benefits associated

with incident management system were 0.3 percent and 4 percent reduction in the number
of fatalities regiorwide and within the study area, respectively. The associated
environment and energy benefits were-D.@ perent reduction in emissions and fuel
consumption in the region, 101.7 percent reduction in emissions, and 11.8 percent
decrease in fuel consumption for the subarea. The daily time savings resulted from the
highway information system was estimated to b@ ¥&hiclehours and the daily saving

from the application of ATIS was estimated to be 56 veHiolars.

2.7.6 Wisconsin ITS Benefit Assessment Stud

The formal ITS program in Wisconsin has been in place since 1993. By 2001, the
planning and prograstevel repurces have been determined for ayg@r timeframe. In
2002, however, as the Wisconsin Department of TransporigieOT) moved toward

the development of specific design criteria, a need was identified for more detailed
benefit/cost analysis tools tana&ble engineers and other practitioners to make more
informed decisions comparing one type of solution to anofhiable 2-4 shows the
parameters used in this study.

A project was initiated to identifynethodologieso assess thd'S benefis andcoss that
areappropriate for use in Wisconsin atmdrecommend a set of tools to be testBleir

2 AMid-American Regio a | Council 6s Enhanced Congestion Manage:!

Analysis System (IDAS), U.S. Department of Transportation Federal Highway Administration, July 2,
2002.

2 fDevelopment of Methods for Benefits Assessment of ITS Deployment in Wisco@separed for
Wisconsin DOT by Cambridge Systematics Inc., Final Report No.-029%, July 2004
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literature search identified three levels of tools that can be applied for the evaluation of

ITS benefits:

e A networkbased tool that cantilize regional travel demand models, or other
networkbased data and evaluate benefits at the regional or corridor level. The ITS
Deployment Analysis System (IDAS) was identified as the most advanced tool for

this purpose.

e A traffic simulation techniqueéhat can evaluate operations in greater detail on

freeway and major arterial corridors.

e A spreadshedbased technique for use in staadne or limited ITS deployments,

or for use in areas where travel demand models are not available.

Table 2-4 Parameters Identified in Wisconsin Study

IDAS
Impact Measure National Proposed
Defaults Value

Freeway Service Patrol
Reduction inncident duration 55% 55%
Reduction in fatalities 10% 6%
Reduction in emissions arfidel 42% 5%
Incident Management Systerh
Percent time sign is on and disseminating informa 10% 2.5%
Percent vehicles that save time 20% 20%
Time savings 3 minutes 3 minutes
Dynamic Message Sigts
Percent time sign is on and disseminating inforoma 10% 1%
Percent vehicles that save time 20% 20%
Time savings 3 minutes 3 minutes
Central Corridor Traffic: Signaling in High -Intensity Areas
Capacity change on affected progression links 8% 8%

Traffic Actuated Traffic Signaling In Low -Intensity Areas
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IDAS
Impact Measure National Proposed
Defaults value

Capacity change on affected progression links 16% 16%
Capacity change on affected crdksv links -16% -16%
Ramp Rollover Systems
Percentage of traffic considered commercial N/A 10%
Percentage reduction in accident rates 100% 45%
Portable Traffic Management Systems
Percent time sign is on and disseminating informa 10% 2%
Percent vehicles that save time 20% 20%
Time savings 3 minutes 3 minutes
Highway Advisory Radio
Percent vehicles tuned into broadcast 25% 5%
Percent vehicles that saveé 25% 25%
Percent time of extreme conditions 10% 2%
Time saving per traveler 4 minutes 4 minutes
Ramp Metering
Capacity change on freeway 13.5% 13.5%
Capacity change on ramps -50% -50%
Accident reduction on freeway -38% -38%
Accident reduction oramps -38% -38%

& This deployment is modeledfter a Dynamic Message Sign deployment. The intent is that at either end of the
affected section of roadway (or within the section), there will be notifications of some incident, and traffic will be
divertedto parallel (or associated) arterial. The effect is the same as notification via DMS.

® These deployments are generally in parallel with the Incident management (IM) deployments, full val@sts
here would likely double coutihhose from the IM deployemts.
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3 Supporting Models

Sketch planning tools require base modules to estimate traffic demands and performance
measures based on network geometry and traffic operation parameters. As indicated
earlier in this document, IDAS includes a number of theseuteedSome of the required
modules are already available in the FSUTMS including traffic assignment, mode choice,
and travel time estimation. FSUTMS estimates travel time based on link traffic demand
and capacity using Bureau of Public Road (BPR) curves dhe calibrated for each
Florida region. The modules available in the FSUTMS will be used in the tool developed
in this study. Other modules required to calculate the performance measures are not
currently available in the FSUTMS. These include the eamss fuel consumption, and
safety modules. First, this chapter presents a review of potential emission, fuel
consumption, and safety modules. Then, it gives recommendation regarding the selection
of such models for implementation in the developed tool.

3.1 Emission Estimation

The three sketch planning tools reviewed earlier in this document estimate emissions
based on factors derived from default emission modéishile6 is the latest motor
vehicle emission factor model used to estimate volatile organic aamdg, nitrogen
oxides (NOx) and carbon monoxide (CO) from different vehigiges This model
considers both vehicle performance and driveragin while estimatingnotor vehicle
emissions. Mobile6 predicts higher emission rates in near future yeardower
emission rates in out yeashien compared tthe earlieMobile5 series model.

IDAS includeslook-up tables(by year from 2000 to 204Qhat incorporate available
emission rates from the Federafigponsored Mobile5a and CAREponsored EMFAC
models.IDAS default Mobile5a emission rate loolp tables are based on Chicago region
ratesthat were categorizely speed rangepollutant type (HC, CO, NOx), and eight
vehicle type categoried-or use in California, IDAS also contains EMFAGased
emissio ratelook-up tables by pollant type (ROG, CONOx, PM10, CO2, and SO2),
vehicle type, and speed ran@anission rates estimated at speeds oin@oh (4 kph) are
considered idle emission ratéhe IDAS user is also required to input percentages of
each vehia typefor each market sector.

The emis_faclookup tablein SCRITScontains estimates of grams per mile for three
pollutants (CONOx, and HC. Aremission factor is provided for eackndle increment

of speed.The ITSOAM emission estimation is based omadified version of EPA's
Mobile5b model. ITSOAM reports VOC, NOx, and CO emission factors by average
vehicle speeds from 2.5 mph to 65 mph and roadway functional classes.

During the FDOT Floridapecific ITS Benefit and Cost parameters projdat, EDOr

Systems Planning OfficeSPQ responded tohe research teamequest for information
by providing Mobile6 emission rates for the years 1999 to 2030. The praatisdwere
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those used for th€ampa Bay areal'he rates obtained from the FDOT were forigkh
speeds ranging from 2.5 to 65t(ph (4.0 to 104.6ph) at 5.0mph(8.0kph) intervals.

In this study, the research team obtained themission rates used the Southeast

FSUTMS model.

Figure 3-1to

Figure 3-6 showa mmparison between these rates and those used by ND#fieba,

SCRITS, IDAS Floridaspecific emission rates (rates used in Tampa Bay as explained
above and referred to as AFloridao in the
years2000and 30 . As t hese Fligmuireao sdhrodv,t iHdeSadiut heas
are identical. They are higher than the rates used in IDAS for the year 2000 and lower

than the IDAS rates for the year 2003. Since the Florida models are basedibe6Mo

runs and the IDAS rates are based on Mobile5, the above confirms a previous statement

in this section thaliobile 6 predicts higher emission rates in near future years and lower

emission rates in out years when compardtiédlobile5 series model.
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Figure 3-1 Comparison of CO Estimation by Different Models in 2000
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Comparision of CO emissions in 2030
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Comparision of HC emissions in 2030
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Figure 3-4 Comparison of HC Estimation by Different Models in 2030
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Figure 3-5 Comparison of NOx Estimation by Different Models in 2000
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Comparision of NOx emissions in 2030
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Figure 3-6 Comparison of NOx Estimation by Different Models in 2030

3.2 Fuel Consumption

IDAS estimates fuel consumpbn based on rates obtained from previous models.
include models developed by the ivironmental Protection Agency (EPA),

Air Resources Board CARB), Caltrans, and other agencies. The models weresed
developlookup tables to obtain therates in IDAS. These ratesare categorizedby
type (freewaysand arterials); speed range (zero to 70 mph, depending onciisity);
vehicle type (autos andrucks); and fuel type for trucks (gas anddiesel).

Table 3-1 showsthe fuel consumption rates used by IDAS for freeways and
arterials. The average tiel consumption rates as a function of traffic speed used in
ITSOAM are presented inTable 3-2. The rates presented in
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Table 3-1 and Table 3-2 are compared graphically in
Figure3-7 andFigure3-8.

Table 3-1 Fuel Consumption Rates $ed by IDAS

Facility type Speeal Auto Truck Gas Truck Diesel
Freeway 0 0.540 0.650 0.450
5 0.182 0.310 0.696
10 0.123 0.181 0.489
15 0.089 0.135 0.297
20 0.068 0.118 0.185
25 0.054 0.120 0.131
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Facility type Sped Auto Truck Gas Truck Diesel
30 0.044 0.133 0.110
35 0.037 0.156 0.112
40 0.034 0.185 0.122
45 0.033 0.223 0.136
50 0.033 0.264 0.153
55 0.034 0.310 0.170
60 0.037 0.374 0.187
65 0.043 0.439 0.204
70 0.052 0.511 0.221

Arterial 5 0.144 0.275 0.383
10 0.091 0.174 0.241
15 0.073 0.140 0.194
20 0.064 0.123 0.171
25 0.059 0.113 0.157
30 0.056 0.106 0.147
35 0.053 0.101 0.140
40 0.051 0.097 0.135

Table 3-2 Average Fuel Consumption Rates Used in ITSOAM

Operating Speed

Rate (Gallon per mile)

Auto Truck
5 0.117 0.503
10 0.075 0.316
15 0.061 0.254
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Operating Speed

Rate (Gallon per mile)

Auto Truck
20 0.054 0.222
25 0.050 0.204
30 0.047 0.191
35 0.045 0.182
40 0.044 0.176
45 0.042 0.170
50 0.041 0.166
55 0.041 0.163
60 0.040 0.160
65 0.039 0.158
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3.3 Safety

Another needed supporting base module is a safety module that estimates property
damage only (PDO), injury, and fatality crash rates based on parameters such as traffic
demand or volume/capacity (V/C) ratio. As shownTible 3-3, IDAS includes crash

rates that are functions of the facility type (i.e., freeways or arterials), V/C ratio, and
vehicle type (i.e., auto or trucKJable 3-3 provides the default crash rates in terms of
crashes per MVMT for differerdrash, facility, and vehicle types. The crash rates vary in
IDAS with the V/C ratios only for freeway crashes. For arterials, the crash rates per
MVMT are fixed for all V/C ratios, due to the limited studies performed on the subject.

The FDOT nfi ITrarnsmoitation g $ystems Deployment Analysis System
Customizationo study adjusted the | DAS <cras
rates in Florida. Only the arterial rates had to be adjusted. The default IDAS crash rates

and adjusted crash rates Florida are shown ifiable3-3 andTable3-4, respectively.
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Table 3-3 The Default Crash Rates Used in IDAS

Injury (Crashes/MVM) PDO (Crashes/MVM)
Fatality

Crashes/MVM Freeway | Arterial Freeway Arterial Freeway Arterial Freeway Arterial
Auto Auto Truck Truck Auto Auto Truck Truck

0.09 0.5156 | 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949

0.19 0.5156 | 1.5724 0.5156 15724 0.8551 2.1949 0.8551 2.1949

0.29 g 0.5156 | 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949

0.39 § 0.5156 | 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949

0.49 % é 0.5156 | 1.5724 0.5156 15724 0.8551 2.1949 0.8551 2.1949

0.59 g ; 0.5757 | 1.5724 0.5757 1.5724 0.8551 2.1949 0.8551 2.1949
S

0.69 g §| 0.5757| 1.5724 0.5757 1.5724 0.8551 2.1949 0.8551 2.1949
£ o

0.79 ‘g 0.5757 | 1.5724 0.5757 15724 0.9953 2.1949 0.9953 2.1949
o

0.89 : 0.5757 | 1.5724 0.5757 1.5724 0.9953 2.1949 0.9953 2.1949

0.99 0.7329 | 1.5724 0.7329 1.5724 1.1591 2.1949 1.1591 2.1949

1.00 0.7329 | 1.5724 0.7642 15724 1.2737 2.1949 1.2737 2.1949
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Table 3-4 Adjusted Safety Module Parameters Used in the Florida IDAS Customization Sty

Injury

V/C | Fatality
Freeway . Freeway Arterial Freeway . Freeway Arterial

0.09

0.19

0.29

0.39

0.49

0.59

0.69

0.79

0.89

0.99

1.00

ys and
0.0072 for arterials.

A constant of 0.0004 for freewa:

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394

0.5757 1.715 0.5757 1.715 0.8551 2.394 0.8551 2.394

0.5757 1.715 0.5757 1.715 0.8551 2.394 0.8551 2.394

0.5757 1.715 0.5757 1.715 0.9953 2.394 0.9953 2.394

0.5757 1.715 0.5757 1.715 0.9953 2.394 0.9953 2.394

0.7329 1.715 0.7329 1.715 1.1591 2.394 1.1591 2.394

0.7329 1.715 0.7642 1.715 1.2737 2.394 1.2737 2.394
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3.4 Assessment

Based on the above review, the following recommendations are designed to facilitate the
implementation of the default base supporting modules in the évelaped in this
study.

e The emission module of the Floridpecific IDAS setup, selected as part of an
earlier FDOT effort, should be used in this study.

e The fuel consumption rates used in IDAS will be used in this study since this module
was establishebased on a number of previous studies. However, the curves of the
fuel consumption rates of trucks were adjusted to eliminate the increase in fuel
consumption with the increase in speed.

e The safety module used in IDAS, as adjusted for Florida conditiotigei previous
FDOT effort mentioned above, should be used as the default in this study.
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4 Evaluation Parameters

The ITS sketch planning evaluation tools require three types of parameters: 1) the ITS
impact factors, 2) cost parameters, and 3) benefit dedlares. This chapter presents a
discussion of these parameters. The default impact selection factors for individual ITS
components are discussed in detail in the specific chapters that evaluate each of these
componentgChapters 6 to 16).

4.1 Impact Factors

IDAS includes a large number of ITS componspécific impact (benefit) factors that it
maintains in a database and applies to adjust the performance measures, where
appropriate, to account for ITS impacts. The IDAS developers selected the default values
of these impact factors based on information obtained from reviewing ITS benefits
reported in previous ITS deployment evaluation studies. This information was initially
obtained based on an extensive literature review by the IDAS developers, then
supplemeted by data obtained from tHdSDOT RITA ITS Benefits Database. The
results from those studies are documented in the IDAS ITS Benefits Library, which is
provided with the | DAS software and somet i |
Spr eads he eXdefault vialnes mighDrfot, however, reflect updated information
currently included in the RITA database or tesults of recent evaluation studidswus,

each ofthe impact factors will be assessed in this study (see Chapters 6 toot@@ririo

selecta set of impact factors that reflect the most recent evaluation results.

The RITA ITS Benefits Database documents the impacts of ITS deployments as reported

in national and international ITS evaluation studies. This information is classified in

several wgs. One of the classification methods groups the benefits data into two major
components: 1) intelligent infrastructures and 2) intelligent vehicles. These components

are then categorized into program areas and specific ITS application areas. Data are also
classified by various measures of effectiver
identified these measures to assist in tracl
program goals. They include safety, delay or trdwveé savings, cost savings,
improvements in effective capacity, customer satisfaction, and energy and environmental
impacts. Additional classification methods of the benefits data include the location of the

project bystate or countrythe types of integration between the multipl& lapplications

represented by the project, and most recent updates to the data in the ITS Benefits
Database.

This study extensively reviews the RITA database for each type of ITS deployments. It
will be used as a basis for selecting the default valoetheé developed tool. The user

can also use the tool to perform sensitivity analysis of the value influence on the impact
parameters in the analysis results.
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4.2 |ITS Cost Parameters
4.2.1 The USDOT and IDAS ITS Unit Cost Database

Since December 4 3obht4Programh@fficeBPD)OfdrdTS (currently
incorporated into RITA) has been collecting information regarding the impacts of ITS
projects on the operation of the surface transportation network. This information is
maintained in the RITATS Benefits Déabase The program also collects and maintains
information on ITS costs in tH&S Unit Costs Database

The JIFSQbisCosts Databasmsnsists of cost estimates for a set of ITS elements.

These cost estimates are categorized as capital or operatidn®maintenance (O&M)

costs. Capital costs are the costs expended fortimee nonrecurring purchases.
Examples include, but are not limited to, the cost of equipment, system design,
installation, and software development. The O&M costs, often refeores recurring

costs, are the costs that are incurred on an ongoing basis. Typical examples include the

| eased communicati on serviceos mont hly fee
maintenance, and labor costs. Costs are presented in the databasgeta capture the

lows and highs of the cost elements from the different data sources that were used in
deriving theDatabaseThel TS Unit CosebdsDhtabaaeés, NnThe
useful in developing project cost estimates during the planmiogess. However, the

user is encouraged to find local/regional data sources and current vendor data in order to
perform a more d®&tailed cost estimate. o

The database was initially based on the unit costs used Mati@nal ITS Architecture
(NITSA) ITS CostAnalysis* As new cost data becomes available, the unit cost elements
are revised and new unit cost elements are added.

Any new cost data sources are reviewed for content and applicability 1@ $h&nit
CostsDatabase These new cost databases@rtained from state and local governments

and agencies, congressionallgsignated ITS projects, and national //Efated product

vendor s. The | DAS default cost wval ll&s are p
Unit Costs Database

The current versin of thelTS Unit Costs Database datedSeptember 30, 2006. Two
types of unit costs are available: 1) unadjusted costs corresponding to the actual dollar
year, and 2) adjusted costs in 2005 dollars. In order to obtain the adjusted costs, the ITS
elemens are classified into eight categories. For each category, thdygaar index

series are listed and applied to calculate the conversion ratio from the actual dollar year

2 United States Department of Transportation, Intelligent Transportation Systems Joint Program Office.
Available athttp://www.benefitcost.its.dot.gov/ITS/benecost.nsf/ByLink/CostHome

24 Lockheed Martin Federal Systems, Odetics Intelligent Transportation Systems Division, Electronic
Document Library (EDL) No. 5398,ITS Cost Analsis (Januaryl997). Available online at
http://www.its.dot.gov/arch/DOCUMNTS.htm
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into 2005 dollars. Applying these conversion ratios to the unadjusted costs thields
adjusted costs. The unadjusted and adjusted costs are presdrabkbl.

4.2.2 Florida Specific IDAS Cost Database

In 2004,Hadi et al® identified Floridaspecific defaults for the ITS equipment unit costs
in IDAS. The dedults were recommended based on:

e Data collected from agencies responsible for deploying and maintaining ITS
services in Florida. This data was collected using a questionnaire that was
developed and distributed to various Flonmldlic sector agencies

e Edimated quantities in conjunction with statewide pay item unit costs obtained
from the FDOT State Esti.flates Officeos

e Previous cost estimates reported in ITS studies. These studies were especially
useful in cases where the costs waseavailable from the first two sources.

Based on the comparison between the collected data and the JPO 2004 unit costs
database, dollar amounts were recommended that better reflect the-5pmaifec low

and high capital costs, operations and mainmte@acosts, equipment quantity, and-life

cycle amortization. To account for the additional costs such as design and CEI in total
project costs, 35 percent of the unit deployment costs were added to the capital costs of
roadside equipment and communicatiomfrastructure, and 20 percent for other
equipment. In order to express the costs in 1995 dakarequired in IDAS, the inflation

rate was calculated based on three different indices, that is, Consumer Price Indexes,
Implicit Price Index, and FDOT Pridadex. Furthermore, an annual procedure to update
and customize the IDAS cost database was also provided in this work.

Table4-1 shows the Floridapecific unit costs derived in the abewentioned study, as
compared with the uhicosts presented in the 2004 USDOT database and the 2006
adjusted and unadjusted costs. The 2006 USDOT cost database took into consideration
the cost parameters identified in the Florida study mentioned above.

% Hadi, M. and S. Prasoon, Technical Memorandum NGBS Deployment Analysis System (IDAS)

Customization Florida-Specific Intelligent Transportation Sy m Depl oyment Costs, 0 Ver

Contract No. C 7772, Tallahassee, FL, August 2004.

2 pAvailable online at
http://www?2.dot.state.fl.us/SpecificationsEstimates/Estimates/BasisofEstimates/BOEManual/BOEOnline.a

spx
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Table 4-1 Recommended FloridaSpecific Intelligent Transportation System Costs Compared to CostSbtained from Existing

Databases
USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMME%%E@ FLORIDA

SUBSYSTEM / UNIT Deployment Cap|tal Cost O&M Cost Capltal Cost O&M Cost Capltal Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location $K) $K/Year) $K) $K/Year) $K) $K/Year) $K) $K/Year)

Automatic Detection System
Per 4 6.8 0.25 0.58
Call Boxes location 5.9 0.714 | 0.714 ) ©7) | 0.25) | (0.58) 8.6 10 0.18 0.48
Inductive Loop
Surveillance (per two Pl‘:nte";o 3 8 05 | 08 (g) (% (8'3) (8'2) 3 16 1 4 37 | 68 | 0175 | 1
lanes) for Corridors ' )
Inductive Loop
- Per 8.6 15.3 0.9 14
Survelllan_ce at intersection 9 16 1 1.6 8.6) | (15.3) | (0.9) (1.4) 9.5 16.2 0.6 0.8
Intersections
One
Machine Vision sensor 21.7 29 0.2 0.4
Sensors for Corridors (both 217 29 02 04 (20.8) | (29) (0.2) (0.4) 35.1 45.0 04 0.7
directions)
Machine Vision
Sensors at _ Per 20 25.7 0.2 16 | 255 1 0.2 ! 214 | 270 | 025 | 05
i intersection (16) | (25.5) | (0.2) 1)
Intersections
Passive Acoustic Per 3.7 8 0.2 0.4
Sensors for Corridors direction 3.7 8 02 04 (3.5) (7.5) (0.2) (0.3) 0.0 0.0
Passive Acoustic
Per 5 15 0.2 0.4
Sensors at intersection | > 15 02 1 04 1 5 | a4 | 02 | (04 00 | 00
ntersections
. Per 9 13 0.1 0.58
RTMS for Corridors direction 3.3 6 0.1 ©) (13) ©1) | (058 5.6 12.9 0.2 0.4
. Per 18 18 0.1 0.1
RTMS at Intersections intersection 18 0.1 (17) (17) ©0.1) ©0.1) 0.0 0.0
. Per 9 19 1 2.3
CCTV Video Cameras location 7.5 17 1.5 2.4 ) (19) 1) (2.3) 7.5 17 15 2.4 18.9 24.3 15 4
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e FHWA ITS unit costs (2006): the unit costghvout the brackets are unadjusted, and the costs with brackets are expressed in 2005
dollar.

Table 4-1
(continued)

USDOT ITS UNIT COSTS (2006)

RECOMMENDED FLORIDA

USDOT ITS UNIT COSTS (2004) COSTS

IDAS DATABASE

SUBSYSTEM / UNIT

COST ELEMENTS

Deployment
Location

Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year)

Automatic Detection System (CONTINUED)
Tomers. rieo Camera ocation 12 (i) (E) ! 2 10 0 68 | 162
Eiﬁiégeamer ocaton | 10 | 50 19 | 4l ég) (jg) (i:g) (j) 338 | 675 | 2 4

Roadside Control (RS-C)

B&‘de Signal System | pooustem | 40 | 70 04 | 08 ég) (gj) (8@) (8 g) 40 | 70 | 04 | 08 | 360 | 558 | 3 5
égé%iegr;g? geig;nal conFt)fc:IIer 2.5 10 0.2 0.5 é:i) (g) (8:3) (8 j) 25 | 10 | 02 | 05 3.0 17
Signal Controllers conlireczller 11 | 175 0.2 0.9 (g) (ﬂ) (8:3) (8 g)
Traffic Signals Per signal 95 115 2.4 3 (gg) (18% é:i) (237)
Fszgglgilgrrsemption e |2 8 005 | 02 é) (g) (8:82) (g 3) 2 8 | 005| 02 | 54 | 108 | 015 | 03
Upgradestor sanal | P | o | s 2|4 2 | s
Preemption
Ramp Meters gt ] 30 | 50 15 | 35 éi) (ig) (1 i) é % 30 | 50 | 15 | 35 | 338 | 844 | 1 2
(S:g:‘t"r’;r e for Lane Per center | 25 50 2.5 5 éi) (ig) %5 (g) 6 9 270.0 | 405.0 | 10 15
Lane Control Gates oot | 1200 | 150 2 3 (1707(; (ﬁg) (1 ) (g) 100 | 150 | 2 3 | 900 | 1350 | 3 5
Fixed-Lane Signals lo;‘i{on 6 8 06 | 08 (g) (g) (8 g) (8 g) 6 8 | 06 | o8
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Table 4-1
(continued)

USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMMENDED FLORIDA

COSTS

SUBSYSTEM / UNIT Deployment | Capital Cost 0&M Cost Capital Cost 0&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year)

Roadside Information (RS-I)
Roadside Message Per 50 75 25 3.75
Signs direction 50 75 25 3.75 (38) (57) @) 3) 50 75 25 3.75
Roadside Information (RS-I) (CONTINUED)
Wire line-to-Roadside Per 6 9
Message Signs direction 6 9 (5) (8) 6 9 0 0
Per 47 117 2.3 6
VMS direction 48 120 2.4 6 (47) (117) (2.3) ©6) 48 120 24 6 47.3 | 1755 5 16
Per 25 120
VMS Towers direction 25 125 (25) (120) 25 125 0 5 33.8 | 168.8
Dynamic Trailblazers | Pe_r 23.0 67.5 1 4
ocation
Per 15 35 0.6 1
HAR location 16 32 0.6 1 (15) (35) (0.6) (1) 16 32 0.6 1 56.7 62.1 21 25
. Per 5 9 0.25 0.25
HAR Signs direction 5 0.25 ) 9) 0.25) | (0.25) 12.2 20.9 0.5 1
Roadside Probe Per 5 8 0.5 0.8
Beacons direction 5 8 0.5 0.8 5) ) (0.5) (0.7) 5 8 0.5 0.8 40.5 43.2 0.4 0.8
Roadside Rail Crossing (R-RC)
Rail Crossing 4-Quad Per 115 130 4.25 4.85
Gates and Signals location 115 130 425 4.85 (88) (100) (3.3 3.7 115 130 425 4.85
Rail Crossing Train Per 16 215 0.77 1.03
Detectors location 16 215 0.77 1.03 (12) (16) (0.6) (0.79) 16 215 1 0.77 1.03
Rail Crossing Per 8 10 0.4 0.5
Controllers location 8 107 04 1051 @ ® | (03 | 04 | 8 | 10 ]04] 051 90 126 03 ) 05
Rail Crossing
Pedestrian Warning Io;?iron 10 15 0.2 0.3 (18(; (ﬁ) (8'3) (8'3) 10 15 0.2 0.3 16.1 49.5
Signals and Gates i i
Rail Crossing Trapped Per 25 30 1.25 15
Vehicle Detectors location 25 30 1.25 1.5 (19) (23) (1) (1.1) 25 30 1.25 1.5
Traffic Management Centers (TMC)
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Table 4-1
(continued)

USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMMENDED FLORIDA

COSTS

SUBSYSTEM / UNIT Deployment | Capital Cost 0&M Cost Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location (8K) (8K/Year) (8K) (8K/Year) ($K) ($K/Year) ($K) (8K/Year)
Basic Facilities,

Communications for 3,500 8,000 350 1,200
Large Area (>750,000 Per center | 4,000 | 4,000 400 600 (4.060) | (9.279) (406) (1.392) 4,000 | 4,000 | 400 600 5,800 | 7,200 400 500
population)

Traffic Management Centers (TMC) (CONTINUED)

Basic Facilities,
Communications for Per center 3200 3200 400 480 3,200 3,200 400 480 3200 | 3200 400 480 3,200 | 4,200 200 400

Medium Area (4,050) | (4,050) | (506) | (608)
Basic Facilities,

Communications for 2,800 2,800 400 420
Small Area (<250,000 Per center | 2800 | 2800 400 420 (3.544) | (3.544) | (506) (532) 2800 | 2800 | 400 420 2,800 | 2,800 100 200
population)

Hardware for
Surveillance, Incident
ggts%‘g'r?s”e?gg g Per center &gg:% égg:g) (gzgg) &é:g% 224.4 | 2976 | 11.22 | 1488 | 100 | 200 | 40 50
Information
Dissemination
Software/Integration
for Surveillance,
Incident Detection and 481.5 588.5

Response, and Per center (449.1) | (548.9) 481.5 | 588.5 200 500 25 50
Information

Dissemination

Video Monitors, Wall 57 103 3 5

for Incident Detection Per center (48) 87) 3) (4) 40.5 495 | 2.025 | 2.475 100 350 35 55

Labor for Incident
Detection and 810 990

Response, and Per center (939) | (1,148) 810 990 300 | 1,200

Information

Dissemination

Transit Center Per transit 775 1,636 6 12

Software Integration vehicle 815 1,720 6 12 (775) | (1,636) (6) (11) 815 | 1,720 6 12 300 1,500 6 12
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Table 4-1
(continued)

USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMMENDED FLORIDA

COSTS

SUBSYSTEM / UNIT Deployment | Capital Cost 0&M Cost Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year)

Advanced Public Transit Systems (APTS) i On-Board, Remote, and Center

GPS/DGPS for Vehicle | Per transit 0.5 2 0.01 0.04
Location vehicle 0.5 0.8 0.01 0.016 (0.5) ©) 0.01) | (0.038) 0.5 0.8 0.01 | 0.016 10 15 0.1 0.15
Advanced Public Transit Systems (APTS) i On-Board, Remote, and Center (CONTINUED)
Signal Preemption Per transit 0.3 0.6 0.006 0.01
Processor vehicle 0.3 0.6 0.003 | 0.006 (0.2) (0.5) (0.005) | (0.008) 0.3 0.6 0.003 | 0.006 0.5 2.2 0.006 | 0.022
Security Package Per transit 3.2 6.2 0.21 0.265
(CCTV, Hot Button) vehicle 4.2 5.3 0.21 0.26 (3.2) 6) (0.16) (0.2) 4.2 5.3 0.21 0.26 6 12 0.2 0.4
. Per transit 0.8 15 0.04 0.075
Electronic Fare Box vehicle 0.8 1.5 0.04 0.075 (0.6) (1.1) (0.03) (0.06) 0.8 15 0.04 | 0.075 11.4 13.2 0.2 0.4
Per transit 0.96 9.6
APC vehicle 0.96) | (9.6) 10 15 1 02 | 04
CCTV Camera at Per 2 5 0.1 0.24
Remote Location location 4 5 0.08 0.10 (2) (5) (0.1) (0.24) 4 5 0.08 0.10 15 25 05 1.0
Electronic Toll Collection (ETC)
Electronic Toll . 0.04 0.1
Equipment (On-Board) Per vehicle | 0.04 (0.03) 0.1) 0.04 0.1 0.03 0.05
Toll Administration 6.4 9.6 0.32 0.48
Hardware Per plaza 10 15 0 0.02 (5.9) (8.8) (0.29) | (0.44) 10 15 0 0.02 100 150 5 7
Toll Administration 40 80 4 8
Software Per plaza 40 80 4 8 (38) (76) (3.8) (7.6) 40 80 4 8 400 600 20 30
2 5 0.2 0.5
ETC Reader Per lane 2 5 0.2 0.5 2 5 0.2 0.5 8 12 0.4 0.6
(2) (5) (0.2) (0.5)
High Speed Camera Per lane 5 10 05 | 10 ! 10 0.5 1.0 5 10 | o5 | 10 6 10 | 05 | 10
] ] (7) (10) (0.4) (0.8)
ETC Hardware/ 5 10
Software at Toll Plaza Per plaza 5 10 5 10 5) (10) 5 10 150 250 7 10
ETC Toll Plaza 10 15
Structure Per plaza 10 15 0 0.02 (13) (19) 10 15 0 0.02 13 20 0.1 0.2
Classification/Detection 10 14 1 15
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Table 4-1
(continued)

USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMMENDED FLORIDA

COSTS

SUBSYSTEM / UNIT Deployment | Capital Cost 0&M Cost Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year)

Commercial Vehicle
Administration Per center 200 220 4 4.4 200 220 4 4.4 500 1,000 10 20
Software, Integration

Commercial Vehicle Operations (CVO)

Software Upgrade for
Electronic Credential
Purchasing and
Management

Per center 60 140 12 2.8 60 140 1.2 2.8 500 1,000 10 20

Software Upgrade for

Interagency Per center 20 40 0.4 0.8 20 40 0.4 0.8 300 1,500 10 20
Information Exchange

Software Upgrade for

Safety Administration Per center | 40 80 40 80 40 80 40 80 400 600 10 20
DS0 Communication . 0.5 1 0.6 1.2
Lines Per line 0.5 1 0.6 1.2 (0.5) (0.9) (0.6) (1.2) 0.5 1 0.6 1.2 0.8 15 1.5 2

Communications Subsystem

DS1 Communication . 0.5 1 4.8 9.6

Lines Per line 0.5 1 4.8 8.4 (0.5) (0.9) (4:8) (9.6) 0.5 1 4.8 8.4 0.8 15 5.6 10
DS3 Communication . 3 5 24 72
Lines Per line 3 5 24 72 @.7) (4.6) 22) (67) 3 5 24 72 3 5 25 132
Direct-Bury, Armor- .
Encased Fiber Cables Per mile 60 0.02
Conduit Design and
Installation per Mile for Per mile 65 0.02 (gg) (;g) (g) (g) 108
Corridors
Fiber Optic Cable . 20 52 1 25
Installation per Mile Per mile 20 02 1 o0 | 52 | @ | @5 2 | %4
Under Pavement Bore Pe_r 2 4
location
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Table 4-1
(continued)
USDOT ITS UNIT COSTS (2004) USDOT ITS UNIT COSTS (2006) IDAS DATABASE RECOMME'\(')DS% FLORIDA
SUBSYSTEM / UNIT Deployment | Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost Capital Cost O&M Cost
COST ELEMENTS Location ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year) ($K) ($K/Year)
Ethernet Core Switch Pe_r 140
location
Ethernet Hub/Routing Per 3 10
Switch location
Communications Subsystem (CONTINUED)
Ethernet Edge Switch Pe_r 1 4
location
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4.3 ITS Dollar Values

Table4-2 presents a list of the parameters used by the IDAS to convert ITS impacts to
dollar valuesHad et al?” examined the parameters IDAS uses to convert various ITS
impacts to dollar values and recommended changes to these parameters to reflect the
values used in Florida. The following is a summary of the changes made to IDAS
defaults in accordance Wwithe recommendations:

e The value of travel time for a singtecupancy automobile was changed from
$9.63 t0$5.15 and for multipl@ccupancy autos from $9.63 to $6.70 (assuming
1.3 vehicle occupancy).

e For commercial vehicles, the travel time value waanged from $16.96 to
$50.80.

e For buses, the travel time value was changed from $8.90 to $30.00, assuming 14
passengers and a driver in each bus and the value of travel time for passengers as
onethird the wage rate for work or commuting trips.

e The vehicleoperating cost per vehiclrile (excluding fuel cost) was changed
from $0.034 for autos, $0.245 for commercial trucks, and $0.0 for buses to $0.25
for commercial vehicles and transit vehicles and $0.2 for personal autos.

e The values of crash costs were rped from $2,726,350 for fatal crashes,
$59,718 for injury crashes, and $3,322 for Property Damage Only (PDO) crashes
to $2,935,000 for fatal crashe®72,000for injury crashes, and $1,776 for PDO
crashes.

e The dollar values associated with tratiate relability were calculated in IDAS
as 3 multiplied by the trawime dollar values. The travéime reliability dollar
values were adjusted to reflect the changes made to the-tiraeetlollar values
as discussed above.

The modifications to the dollar vada listed above were entered in the IDAS alternative
comparison modules and were set as the defaults. These values will be examined further
in subsequent chapters.

Hadi , M. A. , D. Quigl ey, P. Sinha, and A. Krishna

Deployment Analysis System Customipati , 6 Fi nal Report Prepared for
Tallahassee, FL, October 27, 2005.
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Table 4-2 The Benefit Dollar ValuesUsed in IDAS

In-vehicle Value of Time per Hour
Commercial Truck
All Other Modes

Travel Time Reliability Value per Person Hour
Commercial Truck
All Other Modes

Cost of Fuel per Gallon
Commercial Truck, Bus
Autos

Non-fuel Vehicle Operating Costs per Mile
Commercial Truck
Auto

Emissions Cost per Ton — All Modes
Hydrocarbons
Nitrous Oxides
Carbon Monoxide
Particulates (PMio)
Carbon Diaxide

Accident Costs per Fatality — All Modes
Internal Cost
External Cost

Accident Costs per Injury — All Modes
Internal Cost
External Cost

Accident Cost per Property Damage-only Accident

Internal Cost

External Cost

$20.80
$8.50

$62.40
52550

$1.15
$1.21

$0.10
$0.03

$1,774.00
$3,731.00
$3,889.00
$11,066.00
$3.56

$2,317,398.00
$408,952.00

$50,760.00
$8,958.00

$2,824.00
$498.00
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5 General Requirements and Design

This chapterdetails the general requirements of the ITS evaluation tool developed as part
of this project to support the evaluation of ITS for planning purposes. These requirements
address the different types of evaluated ITS deployment, evaluated impacts/performance
measuressupporting modulesndothergeneral evaluation requirements. Requirements
that are specific to individual ITS component evaluation modules are sh&ations 6

to 16.This document refers to tleketch planning tool developbérea s At he To ol
requirements presented in this document were reviewed antilifiad in a workshop
conducted during the early stages of this project.

5.1 General Requirements

5.1.1 Time-of-Day Analysis Requirements

e The benefitcost analysis shall be based ontihee-of-day period analysis.

¢ The benefits for each analysis time period shall be calculated separately and the total
benefits shall be calculated as the sunthef benefitsover all the analyzetime
periock.

e When conducting the analysis utilizing regional travel demand models that are based
on daily trafficdatg periodspecific multiplication factors shall be utilized to convert
the daily link volumsto analysis period Tames if required by the methodology for
the specific deployment under consideratidhe resulting peak period demands shall
be used in the benefibst analysis

o The Tool shall includedefault period specificfactors to convert dailyink
traffic demal to periodspecific traffic for each direction of traffic and each
analysis period

0 The user shall be able to modify the default tiofielay factors based on local
conditions.

Analysis The default factors will be derived on data from Broward Countg stads.
Users should beneouraged to base their values on local conditions.

e When conducting the analysis utilizing regional travel demand models that are based
on peak period, the periegpecific OD matrix and/or periogpecific link volume as
obtainal from the regional model shall be used in the analysis, depending on the
methodology used for the specifitS deployment under consideration.
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¢ |f additional periodsare to be analyzed but data a@ availablefor a timeof-day
demand model, multiplicein factors of the peak volume traffic shall be used to
estimate the demands for these perioaised on daily traffic data

5.1.2 PerformanceMeasures

e The Tool shall produce the benefits of ITS deployment quantified in all or some of
the following performanceneasures, depending on the type of ITS deployment:
e Vehicle miles of travel (VMT)

e Vehicle hours of travel (VHT)
e Average speed
e Number of accidents

o Fatality

o Injury

o Property damage only
e Fuel Consumption (gallons)
e Monetary benefits to users and/or agency pgsapriate
e Emissions

0 Hydrocarbon

o Carbon monoxide

o0 Oxides of Nitrogen

e The developed tool shall support the economic approach of evaluating ITS to provide
a financial justification for investing in ITS.

o The tool shall calculate the benefit/cost ratio ofteahative ITS
deployments.

0 The Tool shall include default values to convert various performance
measures to dollar values for use in the bewest analysis. The Tool
shall allow the user to modify the default parameters that convert the
benefits to ddar values.

e The Tool shall estimate the costs of ITS deployments

0 The cost information shall include the number and types of equipment
required for each type of evaluated ITS deployment.

o0 The cost information shall include initial cost, operation anchteaance
cost, estimated interest rate, and-tifae equipment amortization.
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o The cost information shall include low, high, and average values for each
item.

o0 The cost estimates shall be based on per units of deployments (e.g., per
mile of deployments, gr bus per number of intersections)

o0 The study team shall distribute the identified cost information to the
FDOT ITS districts, selected signal agencies, and selected transit agencies
to determine if any modification to the cost database is needed

e The tool shall include ITS impact parameters that allow the calculation of ITS
deployment benefits

o The ITS impact parameters shall be derived based on a review of the
results from previous evaluation studies, USDOT Je@efit database
and the values used existing ITS sketch planning tools.

0 The user shall be able to change the default ITS impact parameters

0 The default and user input values for the ITS impact parameters shall
include minimum and maximum values.

e The beneficost evaluation proceduresadihallow users to input additional cost
components calculated external to the motlleé evaluation procedursbkall account
for these componentgnd they will be used in combination with the measures
guantified using IDAS in the overall project rankimgpcess.

5.1.3 Supporting Module Requirements

¢ When needed, the Tool shall utilize the trip distribution module, assignment module,
mode choice module, and demaspked relationships developed for the region and
used in the validateBSUTMSregional demand fecasting models.

e The Tool shall include a module to estimate the environmental impatésms of
pollution due to traffic emissiowith and without ITS deployments

o The amission module shall estimate the impacts of traffic stream
characteristics on theO, NOx, and HC emissions.

o0 The emission made shall be based otihe Mobile6 modules developed
for the Florida regions.

o The emission module shall tal@mnditions including idling in queues
during incidentsnto consideration.
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e The Tool shall include a motluto estimate the fuel consumption based on the
characteristics of the traffic stream.

0 The selected fuel consumption model shall be based on a review of those
used in thesketch planning tools and those used in the literature

0 The default module shall bthe IDAS module modified to eliminate
unrealistic increase in fuel consumption with increased speed.

e The Tool shall include a module to estimate the safety with and without ITS
deployments

o0 The safety module shall provide estimation of property damagg onl
injury, and fatality crashes as a function of volume to capacity (V/C) ratio
and vehiclemiles traveled.

0 The FloridaSpecific IDAS safety module developed in a previous FDOT
project shall be used as the default safety module in the Tool.

e The user shalhave the ability to override the default emission, fuel consumption,
and safety modules.

o0 The user shall document and justify any override of the default values.

5.1.4 Evaluated Deployments

e The evaluated ITS deployments shall include regional, freeway, §reercatransit
deployment categories

e The evaluated regiahdeployment shall include
0 Regional travel information systems
e The evaluated freeway deployments shall include
0 Ramp metering
Incident management systems
Highway advisory radio (HAR) and dynamic mags signs (DMS)
Smart work zones

o O O O

Road weather information systems (RWIS)
o Managedanes

Theevaluated adrial deployments shall include
o Signalcontrol
o Emergency vehicle signal priority
0 Transit priority systems

The evaluated aénsit deployments shall incled
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Monitoring and management of fixed route transit
Transit informatiorsystems
Transit security systems

o O O O

Transit electronic payment systems

5.2 General Design

This section presents the general design ofTi& evaluationtool developed in this
study. The deggn and implementation of individual evaluation of ITS deployments is
presentedn the gctions that discuss these individual evaluations (Sections 6 tdHkb).
actual code written in thecgpt language of Cube is provided on a -BDM that
accompanied ik report.

5.2.1 Logical Design

This section presents the logical design of the developed tool including a data flow
diagram (DFD) as a graphical representation of the processes and the exchange of data
between processes. Data flow diagrams represent a usefialization of thelogical
designof software in terms of the required processes and interfaces of the tool. The
logical design came used as a basis for the physical desigtihe system, described in
Section 5.2.2.

The data flow diagrams of the deopéd tool are presented kigure 5-1 to Figure 5-4.

These data flow diagrams were used to communicate what processes must be used and
what data must flow between these processes to satisfy the idergfigcements for the

tool.

The highest level data flow diagram is the Context Diagram, which is sometime referred
to as Level 0. The Context Diagram indicates the entities that are not part of the
developed Tool but will need to communicate with ourlTas well as their interfaces

with the system. It shows the data that the developed system shares with these other
entities and the boundary of the developed syst&snindicatel in Figure 5-1, the
evaluation of benefits and cestequire input data from an ITS benefit database, ITS cost
database, benefit dollar values, regionalyibrated FSUTMS modules, and the users of

the system.
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Benefit Dollar
Values

Evaluate
ITS
Benefits and

Figure 5-1 Context Diagrami DFD Level O

Figure5-2 shows Level 1, which is the DFD level just below the Context Diagram Level.
This level shows the highest level processes required for the evaluation of the benefits
and costs of ITS. &h of these high level processes is further decomposed irnto sub
processes. The Evaluate ITS Benefits procefsgiare5-2 is decomposed into four main
processes: Evaluate Freeway Management, Evaluate Arterial Management, eEvaluat
Regional ITS Deployments, and Evaluate Advanced Public Transit Syd$teguse 5-3

shows the Evaluate Freeway Management Process. This process is further decomposed
into five processes: Evaluate Incident Management and DMSud&ealSmart Work

Zone, Evaluate Road Weather Information Systems, Evaluate Ramp Metering, and
Evaluate Managed Lanes&igure 5-4 shows the details of one of these processes
AEval uat e l nci dent Ma n age me n Manageméent i®DMS. 0 E
decomposed into Evaluate Signal Control, Evaluate Emergency Preemption, and
Evaluate Bus Priority. Currently, Evaluate Regional ITS deployment is only decomposed
into Evaluate Advanced Traveler Information Systems. Evaluate Advanced Public
Transportation Systems is decomposed into Evaluate Automatic Scheduling and
Location, Evaluate Transit Security Systems, Evaluate Transit Electronic Payment
Systems, and Evaluate Transit Traveler Information Systems.
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Figure 5-2 DFD Level 17 Evaluate ITS Benefits and Costs
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3.1.1
Process
data

3.1.4
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Figure 5-3 Process 3.1. Evaluate Freeway managements
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5.2.2 Physical Design

ThelTS evaluationtool developed in this studg implemented in the FSUTMSIlympus
modelusing the script language tife Cube software, which is the modeling engine of
the FSUTMS. The evaluation tool is coded in Cube as one catalog, cafildd®
Evaluation Toal &ach ITS componensuch as incident management, ramp metering,
advanced traveler information systems,)ets organized as one applicatiamthin this
catalog By selecting the applicatiothe user can identify the ITS deployment that is to
be evaluated, as shownFigure5-5.

CUBE Catdog

R

CAITSMITS Evaluation Tool .cat

'

ITS Implementation Tools

=

Incident @)

Ranagement System —] — \ @4 Signal Control
: . is®  Emergency
g Ramp Metering I I wVehicle Preemption
= Advanced Traveler : Managed Lane
%\ Information System é?ék(HOT, HOV, etc)

‘él..&' g_-i Tl’anS|t

A =
Smart Work Zone - — (AVL ATSS,etc)

~~, Road Weather . o
Information < - ﬁ Bus Priority

Figure 5-5 Implementation of ITS Evaluation Tools in CUBE Environment
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5.2.3 Modeling Structure

An example of the evaluatiormodeling structure of the developed tools shown in
Figure 5-6. Four modules are shown in
Figure5-6 as listed below.

o Deploymentidentification module: This module associates ITS deployments with
deployment locations.

e Benefit module: This module provides estimations of the benefits ID§
deploymats in terms of travetime, safety, fuel consumption, emissspmand
monetary benefitsFigure 5-7 shows the sulnodules that calculate the above
benefits.The structure of these suhodules is further discussed when individual
ITS components are discussed in the following chapters.

e Cost module This module calculasthe required equipmentnitial and recurrent
costs and conveny these cost$o annualvalues.

e Benefit/cost ratio modulérhis module caverts all the benefitotdollar values,

converts these values amnualvalues, and then calculates the benefit/cost ratios of
ITS deployments.
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lent Management Systems.app, IT! ident Management (Sce
Run Utilties Other Apps  Window  Help

Functions Application  Group  Settings

H siziEes
ITS Evaluation Tool cat
Scenarios

= Base
Olympus_I
Olympus_RM
Olympus_ATIS

Qlympus_HOT
Olympus_STI
Olympus_EYP
Dlympus_BP
Olympus_PT

Applications

= ITS_Incident Management A~
Deployment
=I Perfarmance Measures and Benefits
Initialization
Travel Time
Safety
Fuel Consumption
Emissions
Road Ranger Service Patrol
Summary
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- ITS_Ramp Metering
- ITS_Mdvanced Traveler Informstion Syste
- ITS_Smart Wark Zone
ITS: Rrad Yiiesther Infarmation Sustem

Data
+ 3] Inputs: ~
-3 Outputs

= "‘s'-‘l Incident_Management
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Figure 5-6 the Four Main Modules of the ITS Evaluation Tool
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Figure 5-7 the Benefit Evaluation SubModules
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