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Disclaimer  
 

The opinions, findings, and conclusions expressed in this publication are those of the 
authors and not necessarily those of the State of Florida Department of Transportation. 



Evaluation Tools to Support ITS Planning 

  iii  

Metric Conversion Chart 
 

APPROXIMATE CONVERSIONS TO SI UNITS 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND 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
2
 squareinches 645.2 square 

millimeters 
mm

2
 

ft
2
 squarefeet 0.093 square meters m

2
 

yd
2
 square yard 0.836 square meters m

2
 

ac acres 0.405 hectares ha 

mi
2
 square miles 2.59 square 

kilometers 
km

2
 

VOLUME 

fl oz fluid ounces 29.57 milliliters mL 

gal gallons 3.785 liters L 

ft
3
 cubic feet 0.028 cubic meters m

3
 

yd
3
 cubic yards 0.765 cubic meters m

3
 

NOTE: volumes greater than 1000 L shall be shown in m
3
 

MASS 

oz ounces 28.35 grams g 

lb pounds 0.454 kilograms kg 

T short tons (2000 lb) 0.907 megagrams (or 
"metric ton") 

Mg (or "t") 

TEMPERATURE (exact degrees) 
o
F Fahrenheit 5 (F-32)/9 

or (F-32)/1.8 
Celsius 

o
C 

ILLUMINATION 

fc foot-candles 10.76 lux lx 

fl foot-Lamberts 3.426 candela/m
2
 cd/m

2
 

FORCE and PRESSURE or STRESS 

lbf poundforce 4.45 newtons N 

lbf/in
2
 poundforce per 

square inch 
6.89 kilopascals kPa 

*SI 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 modeling 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 Florida.  The planning of Intelligent Transportation 

Systems (ITS) requires 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 of ITS, although ITS sketch planning tools have been developed for 

this purpose.  These tools use the data produced by demand forecasting models as inputs.  

The current FSUTMS software environment has powerful data handling and modeling 

capabilities that allow the implementation of advanced evaluations of ITS deployments as 

part of this environment.  This implementation of ITS evaluation capabilities will allow 

powerful, user friendly, flexible, and consistent evaluations of ITS deployment 

alternatives in Florida.  

 

The goal of this project is to assess and develop tools and procedures to perform sketch 

planning evaluation of the costs and benefits of ITS alternatives within the 

FSUTMS/Cube software environment. The specific objectives of the project are: 

 To assess the methods and procedures used in previous studies and existing sketch 

planning tools to evaluate ITS deployment 

 To identify methods to evaluate ITS deployment alternatives 

 To identify modules to estimate travel time/delay, fuel consumption, emission, 

and crashes as part of the developed tool 

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

developed tool 

 To identify processes for implementing the identified procedures and methods in 

regional FSUTMS models 

 To implemented and test the procedures and methods in an FSUTMS modeling 

environment. 

 

It is possible to evaluate the following types of ITS deployments with the current version 

of the tool developed in this project:  

 Ramp metering  

 Incident management systems  

 Highway advisory radio (HAR) and dynamic message signs (DMS) 

 Advanced travel information systems 

 Managed lanes 
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 Signal control   

 Transit vehicle signal priority  

 Emergency vehicle signal priority   

 Monitoring and management of fixed route transit 

 Transit information systems 

 Transit security systems 

 Transit electronic payment systems 

 Smart work zones 

 Road weather information systems (RWIS) 

This project identified and implemented an evaluation method for each of the above 

evaluated ITS deployment components.   These methods require 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. 

    

Depending on the types of the evaluated ITS deployments, the tool can produce various 

performance measures including: 

 Vehicle miles of travel (VMT); 

 Vehicle hours of travel (VHT); 

 Average speed; 

 Number of accidents 

o Fatality 

o Injury 

o Property damage only 

 Fuel Consumption (gallons) 

 Monetary benefits to users and/or agency, as appropriate 

 Emission (gm) 

o Hydrocarbon  

o Carbon monoxide 

o Oxides of Nitrogen 

Sketch planning tools require base modules to estimate the above 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 are not currently available in the FSUTMS and had to be 
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implemented in this study.  These additional modules include those required to 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 required to 

incorporate the developed tool in the FSUTMS regional models.   
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1 Introduction  

 

1.1 Background 
 

Intelligent Transportation Systems (ITS) planning requires 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.  A number of sketch planning tools have 

been developed to support the evaluation of ITS alternatives based on the utility-based 

and/or the economical-based approaches.
1
  These tools range in details from simple 

spreadsheets with simplified assumptions like the SCReening Analysis for ITS (SCRITS) 

tool,
2
 to more sophisticated tools like the ITS Deployment Analysis System (IDAS)

3
 and 

the ITS Options Analysis Model (ITSAOM).
4
 

 

The Florida Standard Urban Transportation Model Structure (FSUTMS) represents a 

formal set of modeling 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 Florida.  The FSUTMS models are calibrated to match 

observed traffic volumes for a given point in time.  Once this is accomplished, the models 

may then be used to forecast future traffic demands and performance.   

 

The Florida Department of Transportation (FDOT) led an effort to develop an approach 

to interface the FSUTMS and IDAS programs.
5
  An additional FDOT effort

6,7  

customized the IDAS benefit and cost parameters and databases to better reflect the 

Florida benefit/cost values.   

 

                                                 
1 Hadi, M.A., D. Quigley, P. Sinha, and L. Hsia, ñUsing IDAS as Part of the Ranking Process of ITS 

Deployment Alternatives,ò Presented at the 12th World Congress on ITS, San Francisco CA, November 

2005. 
2 ñUserôs Manual for SCRITS, Screening Analysis for ITS,ò Prepared for Federal Highway Administration 

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

Corporation January, 1999. 
3 ñITS Deployment Analysis System (IDAS) Userôs Manual,ò Prepared for the Federal Highway 

Administration by Cambridge Systematics, Oakland, CA, November 2001. 
4 Thill, J.C., and G. Rogova, ñThe ITS Options Analysis Model Technical Documentation,ò Produced for 

the New York DOT by Calspan UB Research Center and University at Buffalo, Buffalo, NY, October 13, 

2005. 
5 ñFSUTMS /IDAS Interface ï Manual Approach,ò Prepared for FDOT by Cambridge Systematics, 

Tallahassee, FL, April 2003.   
6 Hadi, M.A., D. Quigley, P. Sinha, and L. Hsia, ñBenefit and Cost Parameters for Use in Evaluations by 

the Intelligent Transportation Systems Deployment Analysis System in Florida,ò Transportation Research 

Record, Washington, D.C., January 2005. 
7 Hadi, M.A., D. Quigley, P. Sinha, and A. Krishnamurthy, ñIntelligent Transportation Systems 

Deployment Analysis System Customization,ò Final Report Prepared for the FDOT by PBSJ, Inc., 

Tallahassee, FL, October 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) indicates 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 to evaluate 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. Secondly, IDAS was written in the mid 1990s, thus rendering the 

softwareôs operations and user interface relatively inflexible and out-of-date.  Thirdly, the 

evaluation methodologies and the ITS components included in the IDAS evaluations 

were established in the 1990s, when the ITS field was just beginning to be deployed. The 

ITS field has experienced considerable developments and advancements since then. Thus, 

a re-evaluation of the methodologies and parameters used in sketch planning tools in 

needed, based on what has been learned in the past 10 years of ITS deployments.  

 

A Northeastern Illinois case study, conducted by the Chicago Area Transportation Study 

(CATS) to evaluate IDAS capabilities,
8
 suggested that ITS evaluations should be 

incorporated as part of the CATS regional travel demand models.  The study stated 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, and 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 2004, the 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. 

 

The research effort 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 Florida. It is anticipated that this 

research is the first phase of an effort to develop an integrated ITS evaluation 

environment. In the future, it is anticipated that other tools such as mesoscopic and 

microscopic simulation/dynamic traffic assignment models will be integrated as part of 

the FSUTMS/Cube environment.  

 

 

 

 

 

                                                 
8 Heither, C. and M. Thomas, óTesting of IDAS Capabilities Using Northeastern Illinois ITS 

Deployments,ò  Working paper 03-06, August 2003. 
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1.2 Objective  

 

The goal of this project is to assess and develop tools and procedures to perform sketch 

planning evaluation of the costs and benefits of ITS alternatives within the 

FSUTMS/Cube software environment. The specific objectives of the study are: 

 To assess the methods and procedures used in previous studies and existing sketch 

planning tools to evaluate ITS deployment 

 To identify methods to evaluate ITS deployment alternatives 

 To identify modules to estimate travel time/delay, fuel consumption, emission, 

and crashes as part of the developed tool 

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

developed tool 

 To identify processes for implementing the identified procedures and methods in 

regional FSUTMS models 

 To implemented and test the procedures and methods in an FSUTMS modeling 

environment 

 

Figure 1-1 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 following chapters: 

 

ü Chapter 1 ï Introduction: This section presents background information and the 

document objectives. 

ü Chapter 2 ï Overall Review of ITS Evaluation: This chapter contains an 

overall review of the tools and procedures that have been used in evaluating the 

benefits and costs of ITS as part of the ITS planning process, in addition to a 

review of topics related to the evaluation.  

ü Chapter 3 ï Supporting Modules: Sketch planning tools require base 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 are not currently available in the FSUTMS. This chapter 

includes a review of the required base models. 

ü Chapter 4 ï 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 chapters of this documents that discuss the evaluation of these 

components (Chapters 6 to 16, as discussed below). 

ü Chapter 5 ï General Requirement and Design: This chapter details 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 

measures, supporting modules, and other general evaluation requirements.  

ü 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 is presented 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. 

 

 

Begin
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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 have been used in 

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 modules to calculate 

various measures of performance have not been incorporated into this chapter, but are 

detailed in Chapters 6 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: 

 

 The first approach is the utility -based approach, also referred to as the goal-

oriented or the performance-based approach: The utility-based approach is based 

on the calculation of a utility value for each ITS deployment alternative to indicate 

its ability to meet identified ITS goals and/or performance measures (project 

ranking criteria). 

 The second approach is the economic approach also referred to as the benefit-cost 

approach. The economical analysis approach compares ITS deployment 

alternatives based on their benefit to cost ratios or their net present worth (or 

annualized) benefits.  

 

Previous studies have used either the economic approach or the utility-based approach to 

decide between ITS deployment alternatives. As stated in Chapter 1, a number of tools 

have been developed to support the evaluation of ITS alternatives. These tools can be 

used as part of the ITS evaluation using the utility-based approach and/or the economic 

approach. However, these tools may not be sufficient to evaluate all the performance 

measures that need to 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 ñIntelligent Transportation Systems Deployment Analysis System 

Customizationò study
9
 discussed in Chapter 1 used a ranking procedure that utilizes 

IDAS to quantify the costs and some of the benefits of ITS deployment alternatives. 

                                                 
9 Hadi, M.A., D. Quigley, P. Sinha, and A. Krishnamurthy, ñIntelligent Transportation Systems 

Deployment Analysis System Customization,ò Final Report Prepared for the FDOT by PBSJ, Inc., 

Tallahassee, FL, October 27, 2005. 
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Project benefits such as travel-time 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 operations were quantified using off-model calculations. These calculated off-

model criteria 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 more 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 values compare 

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 breakeven analysis was used in an ITS evaluation study in Wisconsin to identify the 

breakeven points of ITS deployment options.
10

 The rationale is that benefit cost analysis 

cannot be done in a specific location without detailed before and after data on the actual 

performance of a system. Breakeven 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 the results can be assessed to 

determine how closely the 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 mph, it would 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 would be a desirable alternative. A spreadsheet 

sketch planning tool (SCRITS) was used in the breakeven analysis in the Wisconsin 

study mentioned above. SCRITS will be described later in this document.  

 

2.3 Existing Sketch Planning Tools 

 

This section consist an overall review of three existing sketch planning tools. Additional 

reviews of the methods and parameters used in these tools are presented in Chapters 4 to 

16 of this study.  

 

                                                 
10 Zhong-Ren P. and  E. Beimborn,  ñA Breakeven Analysis for Statewide ITS Project Identification and 

Assessment,ò  Proceedings of the Transportation Research Board (TRB) annual meeting, Washington, 

D.C., January 2001. 
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2.3.1 IDAS 

 

The Intelligent Transportation Systems (ITS) Deployment Analysis System (IDAS)
11

 is 

an ITS sketch planning analysis tool that can be used to estimate the impacts and costs 

resulting from the deployment of various ITS components. IDAS assesses changes 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 deployments 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 management services, 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 required to calculate the costs 

and benefits of ITS deployments. These defaults are based on the analysis of the data 

presented in the USDOT ITS Benefits and ITS Unit Costs Databases. The default benefits 

are also based on an extensive review of literature performed 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 Model (ITSOAM)
12

 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: 

 Advanced traveler information systems including dynamic message signs (DMS), 

highway advisory radio (HAR), information kiosks, and other non-subscription 

information services. 

 Detection sensors and surveillance systems  

 Highway emergency service patrol 

                                                 
11 ñITS Deployment Analysis System (IDAS) Userôs Manual,ò Prepared for the Federal Highway 

Administration by Cambridge Systematics, Oakland, CA, November 2001. 

12
 Thill, C. and G. Rogova ñThe ITS Options Analysis Model: Technical Documentation (Version 

4.101305),ò or the New York State Department of Transportation by Calspan UB Research Center and 

University at Buffalo, Buffalo, NY, 2005. 
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 Adaptive ramp metering  

 Adaptive traffic control systems  

 Road weather information systems  

 Weigh-in-motion  

 

ITSOAM does not calculate the benefit/cost ratios of ITS deployment alternatives. 

Rather, it estimates the benefits of the alternatives.  

 

Three types of information are used for the benefits models in ITSOAM: 

ü 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 parameters. Travel parameters include travel time, 

average number of incidents, traffic composition (commuters, non-commuters, and 

commercial vehicles), roadway capacity, number of lanes, characteristics of different 

categories of delay, information on different categories of incidents, etc. 

ü 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 parameters include the 

number of travelers willing to divert as a result of information obtained from DMS 

and/or HAR messages and percentage change in travel time due to adaptive signal 

control.  

ü Variables: The user of the model can define a number of variables during evaluation 

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 (SCReening for ITS)
13

 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 forecasting 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 on ña prioritization of analysis needs and an 

assessment of information available to use as the basis for analysis.ò The sixteen 

applications included in the SCRITS spreadsheets are: 

                                                 
13 ñUserôs Manual for SCRITS, Screening Analysis for ITS,ò Prepared for Federal Highway Administration 

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

Corporation January, 1999. 



Evaluation Tools to Support ITS Planning 

  9 

 

È Closed circuit television (CCTV), 

È Detection, 

È Highway advisory radio (HAR), 

È Variable message signs (VMS), 

È Pager-based systems, 

È Kiosks, 

È Commercial vehicle operations (CVO) kiosks, 

È Traffic information over the Internet, 

È Automated vehicle location (AVL) systems for buses, 

È Electronic fare collection for buses, 

 Signal priority for buses, 

È Electronic toll collection, 

È Ramp metering, 

È Weigh-in-motion (WIM) systems, 

È Highway/rail grade crossing applications, and 

È Traffic signalization 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 traffic by inputting trip matrices produced for these periods by 

the used demand model. ITS assessments are more realistic when done on a time-of-day 

basis. Because of this, it is recommended to perform the analysis based on a peak-hour or 

peak-period basis rather 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 (TODF) has been defined as the ratio of vehicle trips made in a 

time-of-day period (or hour) to vehicle trips in some given base period, usually one day. 

If applied prior to trip assignment, these time-of-day factors are usually determined from 

household activity/travel survey data and from on-board transit and intercept auto 

surveys, with a separate TODF for each trip purpose. If applied after assignment, they are 

generally estimated from traffic data (e.g., 24-hour machine counts on streets and 

highways, transit counts, or truck counts), perhaps interpreted and adjusted based on data 

from special studies (e.g. travel surveys of workplaces and customer-serving businesses 

in a particular area or driveway counts at major activity centers). Occasionally, time-of-
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day factors are borrowed from other areas and adjusted during the model calibration 

process. 

 

In order to proceed from the initial daily trip generation estimates to the volume estimates 

by time period, the average daily travel estimates must be converted to trips by time 

period. This time-of-day assignment can occur at four instances during the modeling 

process:
14

 

 

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 and probably the most commonly used. The post-assignment 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 period link-level 

travel demand. In this approach, the daily assigned volumes are multiplied by the 

peak period factor to estimate peak period demands. This technique can be refined to 

reflect different peak hour percentages. A directional split percentage derived from 

observed traffic conditions can be applied to obtain link-level peak volumes. This 

procedure yields only a rough approximation of link or corridor level peaking. 

 

2. Between mode choice and trip assignment: peak-hour trip tables are used as inputs to 

time period-specific trip assignments. The Jacksonville model developed for the 

Jacksonville Transportation Authority (JTA) is an example of how this approach is 

utilized. This model was produced and validated for the AM and PM peak periods. In 

other regions, models have been produced for the AM, PM, and off-peak periods. 

Daily traffic volumes are produced by adding up the results of the morning, 

afternoon, and off-peak period traffic assignments. The process for preparing peak 

hour directional trip tables requires the factoring of the daily person or vehicle 

production-attraction formatted trip tables to peak hour (or period) origin-destination 

formatted vehicle trip tables. The required data include an hourly distribution of trips 

throughout the day. These should be aggregated by trip purpose, usually grouped into 

home-based work, home-based non-work, and non-home-based trips. From this 

distribution of trips, factors are developed that represent the percentages of the trips 

(by purpose) during each hour and for each direction, production-to-attraction and 

attraction-to-production. The hourly distribution is developed from local travel survey 

data. The production-attraction formatted trip tables are multiplied by the appropriate 

factors and transposed where necessary to produce balanced origin-destination trip 

tables. 

 

3. Between trip distribution and mode choice: In 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 inputs to time period 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. 

                                                 
14

 Pendyala, R.M., ñTime of Day Modeling Procedures for Implementation in FSUTMS,ò Final Report, 
BC353-08, Prepared for the FDOT by University of South Florida, December 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 period 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 this point, a second set of factors 

must be implemented. 

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 alternatives. Table 2-1 presents a summary of the performance 

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 Existing Sketch 

Planning Tools 

Performance Measure IDAS SCRITS ITSOAM  

Mobility  

Time Savings    

Travel Time Reliability    

Safety 

Accident    

Vehicle Operation 

Fuel Consumption    

Non-fuel Operation Costs    

Environment 

Emissions    

Note: IDAS actually calculates travel time reliability as non-recurring delay. 
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2.5.1 IDAS 

 

IDAS has a benefits module that estimates the impacts resulting from the deployment of 

ITS components. These impacts are quantified using various performance measures of 

travel time, travel time reliability, throughput, safety, emissions, energy consumption, 

and noise.     

 

The travel time/throughput submodule determines the impacts in transportation system 

capacity and operational efficiency resulting from the deployment of ITS 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 performance statistics generated from the travel time/throughput submodule, 

the environment submodule in IDAS estimates environmental performance measures by 

using a series of detailed look-up tables that consider emissions and energy consumption 

rates by specific network volume and traffic operating characteristics. IDAS incorporates 

emissions and energy consumption rates from currently available sources, including 

Mobile 5a and the California Air Resources Board EMFAC. 

 

The IDAS safety submodule provides estimates of the number and severity of accidents. 

Based on performance statistics calculated from the travel time/throughput submodule, 

the safety submodule determines the safety benefits of ITS by using detailed accident 

rates incorporated in look-up tables. 

 

Improvements to incident delays are estimated in IDAS by a post-processor immediately 

following the completion of the final assignment. Separate estimates are produced for the 

control alternative and ITS option.  

 

The performance measures produced by IDAS are: 

 Vehicle miles of travel (VMT) 

 Vehicle hours of travel (VHT) 

 Average speed 

 Person hours of travel (PHT) 

 Number of person trips 

 Number of accidents 

o Fatality 

o Injury 

o Property damage only 

 Travel Time Reliability (hours of unexpected delay) 

 Fuel Consumption (gallons) 
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 Emissions 

o Hydrocarbon and reactive organic gases 

o Carbon monoxide 

o Oxides of Nitrogen 

o PM10 

o Carbon dioxide 

o Sulfur dioxide 

2.5.2 ITSOAM  

 

ITSOAM includes the evaluation of a number of performance measures as follows: 

 Travel time/delay reduction benefits 

 Safety benefits 

o Reduction of the number of accidents (primary or secondary) 

o Reduction of number of fatalities 

o Reduction of accident cost 

 Emission and fuel consumption benefits 

o Reduction of VOC emission 

o Reduction of NOx emission 

o 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: 

È Travel time in vehicle-hours 

È Total travel in vehicle-miles 

È Emissions (CO, NOx, HC) 

È Vehicle operating costs 

È Energy consumption  

È Number of accidents 

È Economic benefit and benefit/cost ratio  
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2.6 Identified Planning Measures for ITS Evaluation in Florida 

 

The Floridaôs ITS Strategic Plan
15

 was developed to provide a vision for the growth of 

ITS and the ITS Program for the State of Florida. The goals contained in Floridaôs ITS 

Strategic Plan are based on the goals set forth in the 2020 Florida Transportation Plan and 

the National ITS program plan. The goals and objectives contained in Floridaôs ITS 

Strategic Plan can be used as a basis for planning of ITS. These goals and objectives are: 

 

È Safe transportation for residents, visitors, and commerce  

È Preservation and management of Floridaôs transportation system 

È A transportation system that enhances Floridaôs economic competitiveness 

È A transportation system that enhances Floridaôs quality of life 

È An integrated, effective system 

È A well prepared and secure transportation system 

 

As mentioned earlier in this report, a number of evaluation criteria were identified in a 

previous FDOT study to rank ITS alternatives and to assign weights to these criteria.
16

 

The criteria and weights were selected based on the results from a meeting of FDOT ITS 

engineers conducted as part of the Florida ten-year ITS cost-feasibility plan to identify 

the ITS project evaluation criteria and their weights and the review of Floridaôs ITS 

strategic plan, goals and objectives.  

 

This section discusses the selected ranking criteria that could be evaluated using sketch 

planning tools like IDAS:  

 

 Safety: One of the major goals of both the 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 accidents.  

 

 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.  

 

 Environment and Energy Measures: Floridaôs ITS strategic plan goals include the 

need to provide transportation solutions, which enhances the quality of life. This 

                                                 
15 ñThe 2005 Update of Florida's ITS Strategic Plan,ò Final Report Prepared by FDOT ITS Division, 

Tallahassee, FL, December 2, 2005. 

16 Hadi, M.A., D. Quigley, P. Sinha, and A. Krishnamurthy, ñIntelligent Transportation Systems 

Deployment Analysis System Customization,ò Final Report Prepared for the FDOT by PBSJ, Inc., 

Tallahassee, FL, October 27, 2005. 

http://www.floridaits.com/PDFs/TWO25_Strategic_Plan/051202-Strat_Plan-V3.pdf
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includes preserving the environment and saving energy. IDAS estimates the 

reduction in emissions, noise, and fuel consumption for each 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. 

 

 Agency and User Costs Measures: This criterion is meant as one measure of 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 is five percent. 

 

Some of the measures selected for ranking ITS alternatives cannot be quantified using the 

sketch planning tools off-model calculations in combination with the results obtained 

using the sketch planning model calculations. 

 

Evacuation Operations: This measure reflects 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 an evacuation demand estimation tool such as that developed by 

PBS&J, Inc. for the U.S. Army Corps of Engineers (USACE). The score for a given 

facility segment was assigned based on an evacuation demand level for facility i (EDLi) 

as defined below: 

 

EDLi = SVRi * NSFi 

 

where: 

 

SVRi = the service volume ratio or the ratio of the predicted total evacuation demand (i.e., 

volume) to the hourly capacity of a particular segment i as obtained from the demand 

estimation tool developed for the USACE, and 

 

NSFi = 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 Operations: This measure reflects the ITS benefits to Commercial 

Vehicle Operations (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 Generators: This criterion reflects 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 score of 100 percent given to the segment that has the highest 

estimated volume. A weight of 10 percent was used for this criterion. 
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Programmed Capacity Improvements: The rationale for this criterion was that, from a 

production standpoint, ITS deployments should ideally 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 work zone 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 elaborates on 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 Illinois Evaluation
17

 

 

The purpose of the Northeastern Illinois 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 variable message 

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 by 18.5 percent 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 the root-mean-

square error of the volumes on the links with more than 39,000 vehicles and the total 

vehicle-miles 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 findings of this paper, the 

developer of IDAS addressed three of the issues. However, the fourth issue (the 

assignment of truck volumes to truck-restricted links) was a problem in traffic assignment 

and could not be corrected in the near-term. 

 

Other identified issues were that the electronic toll collection deployment could not be 

modeled on a lane-by-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 not on 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 Illinois study report found that IDAS did a better job in modeling ITS 

deployments for highways than those for transit because it can only model transit 

outcomes at a zonal level rather than transit network assignments.  

                                                 
17 Heither, C. and M. Thomas, ñTesting of IDAS Capabilities Using Northeastern Illinois ITS 

Deployments,ò Working paper 03-06, August 2003. 
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Based on these considerations, the report suggested CATS should incorporate certain 

IDAS methodologies as part of the CATS regional travel demand model instead of using 

IDAS per se. This would have the following advantages:  

ü Consistency of reporting measures such as including the emissions resulting from 

vehicle cold starts  

ü Reduction of duplication of effort on converting the network files and demand 

matrices into the format required by IDAS 

ü Direct reporting of analysis results without modifications such as restricting the 

reporting area and converting truck traffic into vehicle trips instead of vehicle-

equivalent trips 

ü Better analysis of transit deployments, for example, analysis of the transit signal 

priority based on specific bus routes and congestion time based on highway 

assignment. 

Although experts from the IDAS development team and FHWA agreed with most of 

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-Indi ana Evaluation
18

 

 

This effort used IDAS in the evaluation of Advanced Regional Traffic Interactive 

Management Information System (ARTIMIS) project evaluation, and the enhancements 

of the ARTIMIS project. The evaluated ARTIMIS included the following ITS 

components: 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 

electronic surveying 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 

preemption, freeway bridge snow and ice removal, incident management components, 

highway-rail 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, and red-light 

running enforcement system.  

 

Data obtained from the Ohio-Kentucky-Indiana (OKI) regional travel demand model 

were used to produce the inputs to IDAS. The analysis included AM and PM peak 

periods. Careful considerations were given to match the ITS components to IDAS 

                                                 
18 ñOhio-Kentucky-Indiana Regional Council of Governmentsô Evaluation of ARTIMIS and ITS Program 

Plan, ITS Deployment Analysis System (IDAS),ñ U.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 IDAS were 

adjusted to reflect the local conditionsðfor 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. The 

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 percent of 

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 results, some 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 included the 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, and the expansion of freeway service patrol. 

 

2.7.3 Michigan Case Study
19

 

 

The Michigan Department of Transportation (MDOT) deployed the Temporary Traffic 

Management System (TTMS) to address the congestion resulting from an I-496 

reconstruction project. The ITS technologies 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 management 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 considered two phases of construction and each phase consisted of three 

time periods: AM peak period, PM peak period, and an off-peak period that aggregated 

all other time periods. The IDAS inputs for the network and travel demand matrices were 

obtained from the Tri-County Regional Planning Commission (TCRPC) demand 

forecasting model. Some impact values and dollar values were adjusted according to 

local conditions, as listed in Table 2-2 and Table 2-3. 

                                                 
19 ñCase Study 2: Michigan Department of Transportation Evaluation of the Temporary ITS for the 

Reconstruction of I-496 in Lansing, Michigan, ITS Deployment Analysis System (IDAS),ò U.S. 

Department of Transportation Federal Highway Administration, April 25, 2002. 
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Table 2-2 Adjusted Impact Value for the Lansing I-496 Evaluation 

 

Impacts IDAS Default Adjusted Value 

Incident Management System 

Reduction in incident duration 55% 20% 

Reduction in fatalities 10% 6% 

Reduction in emissions and fuel 42% 6% 

Telephone and Web Information Services 

Market penetration 1% 1.4% 

Time savings per traveler 15% 20% 

Signal Coordination 

Central control corridor signal coordination 6-18% 14% 

Preset timing corridor signal coordination 8-25% 8% 

 

 

Table 2-3 Dollar Values of Benefits Used in the Lansing I-496 Evaluation 

 

Effective Measures IDAS Default Adjusted Value 

In-Vehicle Travel Time   

Commercial trucks  $16.96 per hour $20.80 per hour 

Auto $9.63 per 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 

All other modes  $17.00 per hour 
$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 mile $0.03 per vehicle mile 

Commercial trucks  $0.245 per vehicle mile $0.10 per vehicle mile 

Accident Costs   

Fatality   

All modes ï internal costs 
$2,317,398.00 per 

fatality 

$2,317,398.00 per 

fatality 

All modes ï external costs 
$408,952.00 per 

fatality 

$408,952.00 per 

fatality 

Injury   

All modes ï internal costs $50,760.00 per incident $50,760.00 per incident 

All modes ï external costs $8,958.00 per incident $8,958.00 per incident 

Property Damage Only   

All modes ï internal costs $2,824.00 per incident $2,824.00 per incident 

All modes ï external costs $498.00 per incident $498.00 per incident 

Emissions   

All modes ï hydrocarbons $1,774.00 per ton $1,774.00 per ton 

All modes ï nitrous oxides $3,731.00 per ton $3,731.00 per ton 

All modes ï carbon monoxide $3,889.00 per ton $3,889.00 per ton 

All modes ï particulates $11,066.00 per ton $11,066.00 per ton 

All modes ï carbon dioxide $3.56 per ton $3.56 per ton 
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The IDAS analysis results showed that the I-496 reconstruction project would shift the 

traffic from the Interstate to local arterials, which in turn, increased the travel time, 

accidents, fuel consumption, and emissions. On the 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 Study
20

 

 

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 in 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 IDAS, the 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 not satisfied using 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, however, its magnitude (9-14 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 San Francisco Bay Areaðthat is, the analysis utilized a 

predicted value of 70 lb/day for HC, 710 lb/day for CO, and 1758 lb/day 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 tons per day in HC emissions, which was 38 percent 

lower than the IDAS results. 

 

Finally, the IDAS-calculated emission benefits were not accepted due to following 

concerns: 

ü The emission benefits were directly estimated based on the outputs of the travel 

demand model, which was not consistent with the traditional emission analysis 

requiring post-process of travel demand model output.  

ü The analysts were not convinced of the appropriateness of using the same 

impact values for different pollutants. 

                                                 
20 ñCase Study 3: Evaluation of Emissions Impacts of an Incident Management System in Hampton Roads, 

Virginia, ITS Deployment Analysis System (IDAS),ò U.S. Department of Transportation Federal Highway 

Administration, July 2, 2002. 
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ü Furthermore, the IDAS 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 light-rail system in the region, 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
21

 

 

An Enhanced Congestion Management System (CMS) was developed for the Kansas 

City, Missouri Region in 1999 to mitigate 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/internet-based advanced traveler 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 the region). The safety benefits associated 

with incident management system were 0.3 percent and 4 percent reduction in the number 

of fatalities region-wide and within the study area, respectively. The associated 

environment and energy benefits were 0.8-1.0 percent reduction in emissions and fuel 

consumption in the region, 10-11.7 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 be 690 vehicle-hours and the daily saving 

from the application of ATIS was estimated to be 56 vehicle-hours. 

 

2.7.6 Wisconsin ITS Benefit Assessment Study
22

  

 

The formal ITS program in Wisconsin has been in place since 1993. By 2001, the 

planning and program-level resources have been determined for a 10-year timeframe. In 

2002, however, as the Wisconsin Department of Transportation (WisDOT) moved toward 

the development of specific design criteria, a need was identified for more detailed 

benefit/cost analysis tools to enable engineers and other practitioners to make more 

informed decisions comparing one type of solution to another. Table 2-4 shows the 

parameters used in this study. 

 

A project was initiated to identify methodologies to assess the ITS benefits and costs that 

are appropriate for use in Wisconsin and to recommend a set of tools to be tested. Their 

                                                 
21 ñMid-American Regional Councilôs Enhanced Congestion Management System, ITS Deployment 

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

2002. 

22 ñDevelopment of Methods for Benefits Assessment of ITS Deployment in Wisconsin,ò Prepared for 

Wisconsin DOT by Cambridge Systematics Inc., Final Report No. 0092-02-16, July 2004 
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literature search identified three levels of tools that can be applied for the evaluation of 

ITS benefits:  

 A network-based tool that can utilize regional travel demand models, or other 

network-based 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.  

 A traffic simulation technique that can evaluate operations in greater detail on 

freeway and major arterial corridors. 

 A spreadsheet-based technique for use in stand-alone or limited ITS deployments, 

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

 

 

Table 2-4 Parameters Identified in Wisconsin Study 

Impact Measure 

IDAS 

National 

Defaults 

Proposed 

Value 

Freeway Service Patrol 

Reduction in incident duration 55% 55% 

Reduction in fatalities 10% 6% 

Reduction in emissions and fuel 42% 5% 

Incident Management System
a
 

Percent time sign is on and disseminating information 10% 2.5% 

Percent vehicles that save time 20% 20% 

Time savings 3 minutes 3 minutes 

Dynamic Message Signs
b
 

Percent time sign is on and disseminating information 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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Impact Measure 

IDAS 

National 

Defaults 

Proposed 

Value 

Capacity change on affected progression links 16% 16% 

Capacity change on affected cross-flow 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 information 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 save time 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 on ramps -38% -38% 

a  This deployment is modeled after 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 

diverted to parallel (or associated) arterial. The effect is the same as notification via DMS. 

b  These deployments are generally in parallel with the Incident management (IM) deployments, full impacts values 

here would likely double count those from the IM deployments. 
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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 these modules. Some 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 that are 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 emissions, 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 models. Mobile6 is the latest motor 

vehicle emission factor model used to estimate volatile organic compounds, nitrogen 

oxides (NOx) and carbon monoxide (CO) from different vehicle types. This model 

considers both vehicle performance and driver behavior while estimating motor vehicle 

emissions. Mobile6 predicts higher emission rates in near future years and lower 

emission rates in out years when compared to the earlier Mobile5 series model. 

 

IDAS includes look-up tables (by year from 2000 to 2040) that incorporate available 

emission rates from the Federally-sponsored Mobile5a and CARB-sponsored EMFAC 

models. IDAS default Mobile5a emission rate look-up tables are based on Chicago region 

rates that were categorized by speed range, pollutant type (HC, CO, NOx), and eight 

vehicle type categories. For use in California, IDAS also contains EMFAC-based 

emission rate look-up tables by pollutant type (ROG, CO, NOx, PM10, CO2, and SO2), 

vehicle type, and speed range. Emission rates estimated at speeds of 2.5 mph (4 kph) are 

considered idle emission rates. The IDAS user is also required to input percentages of 

each vehicle type for each market sector.  

 

The emis_fac lookup table in SCRITS contains estimates of grams per mile for three 

pollutants (CO, NOx, and HC. An emission factor is provided for each 5-mile increment 

of speed. The ITSOAM emission estimation is based on a modified 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 Florida-specific ITS Benefit and Cost parameters project, the FDOT 

Systems Planning Office (SPO) responded to the research teams request for information 

by providing Mobile6 emission rates for the years 1999 to 2030. The provided rates were 
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those used for the Tampa Bay area. The rates obtained from the FDOT were for vehicle 

speeds ranging from 2.5 to 65.0 mph (4.0 to 104.6 kph) at 5.0 mph (8.0 kph) intervals.  

 

In this study, the research team obtained the emission rates used in the Southeast 

FSUTMS model.  

Figure 3-1 to  

Figure 3-6 show a comparison between these rates and those used by IDAS Mobile5a, 

SCRITS, IDAS Florida-specific emission rates (rates used in Tampa Bay as explained 

above and referred to as ñFloridaò in the figures), and IDAS EMFAC models for the 

years 2000 and 2030. As these figures show, the ñFloridaò and the Southeast Florida rates 

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 based on Mobile6 

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

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

emission rates in out years when compared to the Mobile5 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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Figure 3-2 Comparison of CO Estimation by Different Models in 2030  

 

 

 
 

Figure 3-3 Comparison of HC Estimation by Different Models in 2000 
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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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Figure 3-6 Comparison of NOx Estimation by Different Models in 2030 

 

3.2 Fuel Consumption 

 

IDAS estimates fuel consumption based on rates obtained from previous models. 

include models developed by the Environmental Protection Agency (EPA), 

Air Resources Board (CARB), Caltrans, and other agencies. The models were used 

develop lookup tables to obtain the rates in IDAS. These rates are categorized by 

type (freeways and arterials);  speed range (zero to 70 mph, depending on facility); 

vehicle type (autos and trucks); and fuel type for trucks (gas and diesel).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3-1 shows the fuel consumption rates used by IDAS for freeways and 

arterials. The average fuel consumption rates as a function of traffic speed used in 

ITSOAM are presented in Table 3-2. The rates presented in  
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Table 3-1 and Table 3-2 are compared graphically in  

Figure 3-7 and Figure 3-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3-1 Fuel Consumption Rates Used by IDAS 

 

Facility type Speed 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 Speed 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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Figure 3-7 Comparison of Fuel Consumption Rates Used by Different Tools for 

Freeways 

 

 
Figure 3-8 Comparison of Fuel Consumption Rates Used by Different Tools for 

Arterials  
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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 shown in Table 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 truck). Table 3-3 provides the default crash rates in terms of 

crashes per MVMT for different crash, 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 ñIntelligent Transportation Systems Deployment Analysis System 

Customizationò study adjusted the IDAS crash rate defaults based on the average crash 

rates in Florida. Only the arterial rates had to be adjusted. The default IDAS crash rates 

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

 

V/C  
Fatality 

Crashes/MVM 

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

Freeway 
Auto 

Arterial 
Auto 

Freeway 
Truck 

Arterial 
Truck 

Freeway 
Auto 

Arterial 
Auto 

Freeway 
Truck 

Arterial 
Truck 

0.09 

A
 c

o
n

s
ta

n
t 
o

f 
0

.0
0

0
4

 f
o

r 
fr

e
e

w
a
y
s
 a

n
d
 

0
.0

0
6

6
 f
o

r 
a
rt

e
ri

a
ls

. 

0.5156 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949 

0.19 0.5156 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949 

0.29 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 0.5156 1.5724 0.5156 1.5724 0.8551 2.1949 0.8551 2.1949 

0.59 0.5757 1.5724 0.5757 1.5724 0.8551 2.1949 0.8551 2.1949 

0.69 0.5757 1.5724 0.5757 1.5724 0.8551 2.1949 0.8551 2.1949 

0.79 0.5757 1.5724 0.5757 1.5724 0.9953 2.1949 0.9953 2.1949 

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 1.5724 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 Study 

 

V/C  Fatality  

Injury  PDO 

Freeway 
Auto 

Arterial Auto 
Freeway 

Truck 
Arterial 
Truck 

Freeway 
Auto 

Arterial Auto 
Freeway 

Truck 
Arterial 
Truck 

0.09 
A

 c
o

n
s
ta

n
t 
o

f 
0

.0
0

0
4

 f
o

r 
fr

e
e

w
a
y
s
 a

n
d
 

0
.0

0
7

2
 f
o

r 
a
rt

e
ri

a
ls

. 

0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394 

0.19 0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394 

0.29 0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394 

0.39 0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394 

0.49 0.5156 1.715 0.5156 1.715 0.8551 2.394 0.8551 2.394 

0.59 0.5757 1.715 0.5757 1.715 0.8551 2.394 0.8551 2.394 

0.69 0.5757 1.715 0.5757 1.715 0.8551 2.394 0.8551 2.394 

0.79 0.5757 1.715 0.5757 1.715 0.9953 2.394 0.9953 2.394 

0.89 0.5757 1.715 0.5757 1.715 0.9953 2.394 0.9953 2.394 

0.99 0.7329 1.715 0.7329 1.715 1.1591 2.394 1.1591 2.394 

1.00 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 tool developed in this 

study. 

 

 The emission module of the Florida-specific IDAS setup, selected as part of an 

earlier FDOT effort, should be used in this study.  

 The fuel consumption rates used in IDAS will be used in this study since this module 

was established based 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. 

 The safety module used in IDAS, as adjusted for Florida conditions in the 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 dollar values. 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 

components (Chapters 6 to 16). 

4.1 Impact Factors  

 

IDAS includes a large number of ITS component-specific 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 

supplemented by data obtained from the USDOT RITA ITS Benefits Database. The 

results from those studies are documented in the IDAS ITS Benefits Library, which is 

provided with the IDAS software and sometimes referred to as the ñDirect Benefits 

Spreadsheet.ò The IDAS default values might not, however, reflect updated information 

currently included in the RITA database or the results of recent evaluation studies. Thus, 

each of the impact factors will be assessed in this study (see Chapters 6 to 16) in order to 

select a 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 ways. 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 effectiveness. Termed ña few good measures,ò USDOT 

identified these measures to assist in tracking the nationôs progress towards meeting ITS 

program goals. They include safety, delay or travel-time 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 by state or country, the types of integration between the multiple ITS applications 

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 values for the 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 1994, the USDOTôs Joint Program Office (JPO) for ITS (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 RITA ITS Benefits Database. The program also collects and maintains 

information on ITS costs in the ITS Unit Costs Database.  

 

The JPOôs ITS Unit Costs Database consists of cost estimates for a set of ITS elements. 

These cost estimates are categorized as capital or operations and maintenance (O&M) 

costs. Capital costs are the costs expended for one-time, nonrecurring purchases. 

Examples include, but are not limited to, the cost of equipment, system design, 

installation, and software development. The O&M costs, often referred to as recurring 

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

leased communication serviceôs monthly fees, ITS equipment repairs, preventive 

maintenance, and labor costs. Costs are presented in the database in a range to capture the 

lows and highs of the cost elements from the different data sources that were used in 

deriving the Database. The ITS Unit Costs Databaseôs website states, ñThe cost data are 

useful in developing project cost estimates during the planning process. However, the 

user is encouraged to find local/regional data sources and current vendor data in order to 

perform a more detailed cost estimate.ò
23

 

 

The database was initially based on the unit costs used in the National ITS Architecture 

(NITSA) ITS Cost Analysis.
24

 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 to the ITS Unit 

Costs Database. These new cost databases are obtained from state and local governments 

and agencies, congressionally-designated ITS projects, and national ITS-related product 

vendors. The IDAS default cost values are periodically updated based on the JPOôs ITS 

Unit Costs Database. 

 

The current version of the ITS Unit Costs Database is dated September 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 

elements are classified into eight categories. For each category, the year-by-year index 

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

                                                 
23 United States Department of Transportation, Intelligent Transportation Systems Joint Program Office. 

Available at http://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 Analysis (January 1997). Available online at 

http://www.its.dot.gov/arch/DOCUMNTS.htm   

http://www.benefitcost.its.dot.gov/ITS/benecost.nsf/ByLink/CostHome
http://www.its.dot.gov/arch/DOCUMNTS.htm
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into 2005 dollars. Applying these conversion ratios to the unadjusted costs yields the 

adjusted costs. The unadjusted and adjusted costs are presented in Table 4-1. 

 

4.2.2 Florida Specific IDAS Cost Database  

 

In 2004, Hadi et al.
25

 identified Florida-specific defaults for the ITS equipment unit costs 

in IDAS. The defaults were recommended based on: 

 

 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 Florida public sector agencies. 

 Estimated quantities in conjunction with statewide pay item unit costs obtained 

from the FDOT State Estimates Officeôs unit cost database. 
26

  

 Previous cost estimates reported in ITS studies. These studies were especially 

useful in cases where the costs were not available 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 Florida-specific low 

and high capital costs, operations and maintenance costs, 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 communication infrastructure, and 20 percent for other 

equipment. In order to express the costs in 1995 dollars as required in IDAS, the inflation 

rate was calculated based on three different indices, that is, Consumer Price Indexes, 

Implicit Price Index, and FDOT Price Index. Furthermore, an annual procedure to update 

and customize the IDAS cost database was also provided in this work. 

 

Table 4-1 shows the Florida-specific unit costs derived in the above-mentioned study, as 

compared with the unit costs 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. 

 

 

 

 

                                                 
25 Hadi, M. and S. Prasoon, Technical Memorandum No. 4: ñITS Deployment Analysis System (IDAS) 

Customizationï Florida-Specific Intelligent Transportation System Deployment Costs,ò Version 2, FDOT 

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

26 Available online at  

http://www2.dot.state.fl.us/SpecificationsEstimates/Estimates/BasisofEstimates/BOEManual/BOEOnline.a

spx 

http://www2.dot.state.fl.us/SpecificationsEstimates/Estimates/BasisofEstimates/BOEManual/BOEOnline.aspx
http://www2.dot.state.fl.us/SpecificationsEstimates/Estimates/BasisofEstimates/BOEManual/BOEOnline.aspx
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Table 4-1 Recommended Florida-Specific Intelligent Transportation System Costs Compared to Costs Obtained from Existing 

Databases 

 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Automatic Detection System 

Call Boxes 
Per 

location 
 5.9 0.714 0.714 

4 
(4) 

6.8 
(6.7) 

0.25 
(0.25) 

0.58 
(0.58) 

    8.6 10 0.18 0.48 

Inductive Loop 
Surveillance (per two 
lanes) for Corridors 

Per two 
lanes 

3 8 0.5 0.8 
3 

(3) 
8 

(7) 
0.4 

(0.4) 
0.6 

(0.6) 
3 16 1 4 3.7 6.8 0.175 1 

Inductive Loop 
Surveillance at 
Intersections 

Per 
intersection 

9 16 1 1.6 
8.6 

(8.6) 
15.3 

(15.3) 
0.9 

(0.9) 
1.4 

(1.4) 
    9.5 16.2 0.6 0.8 

Machine Vision 
Sensors for Corridors 

One 
sensor 
(both 

directions) 

21.7 29 0.2 0.4 
21.7 

(20.8) 
29 

(29) 
0.2 

(0.2) 
0.4 

(0.4) 
    35.1 45.0 0.4 0.7 

Machine Vision 
Sensors at 

Intersections 

Per 
intersection 

20 25.7  0.2 
16 

(16) 
25.5 

(25.5) 
0.2 

(0.2) 
1 

(1) 
    21.4 27.0 0.25 0.5 

Passive Acoustic 
Sensors for Corridors 

Per 
direction 

3.7 8 0.2 0.4 
3.7 

(3.5) 
8 

(7.5) 
0.2 

(0.2) 
0.4 

(0.3) 
    0.0 0.0   

Passive Acoustic 
Sensors at 

Intersections 

Per 
intersection 

5 15 0.2 0.4 
5 

(5) 
15 

(14) 
0.2 

(0.2) 
0.4 

(0.4) 
    0.0 0.0   

RTMS for Corridors 
Per 

direction 
3.3 6  0.1 

9 
(9) 

13 
(13) 

0.1 
(0.1) 

0.58 
(0.58) 

    5.6 12.9 0.2 0.4 

RTMS at Intersections 
Per 

intersection 
 18  0.1 

18 
(17) 

18 
(17) 

0.1 
(0.1) 

0.1 
(0.1) 

    0.0 0.0   

CCTV Video Cameras 
Per 

location 
7.5 17 1.5 2.4 

9 
(9) 

19 
(19) 

1 
(1) 

2.3 
(2.3) 

7.5 17 1.5 2.4 18.9 24.3 1.5 4 
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 FHWA ITS unit costs (2006): the unit costs without the brackets are unadjusted, and the costs with brackets are expressed in 2005 

dollar. 

 
Table 4-1 

(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Automatic Detection System (CONTINUED) 

CCTV Video Camera 
Towers 

Per 
location 

 12   
4 

(4) 
12 

(12) 
  1 12 0 0 6.8 16.2   

ESSs (Weather 
Stations) 

Per 
location 

10 50 1.9 4.1 
29 

(29) 
48 

(48) 
1.9 

(1.9) 
4 

(4) 
    33.8 67.5 2 4 

Roadside Control (RS-C) 

Linked Signal System 
LAN 

Per system 40 70 0.4 0.8 
23 

(23) 
54 

(54) 
0.4 

(0.3) 
0.8 

(0.6) 
40 70 0.4 0.8 360 558 3 5 

Signal Controller 
Upgrades for Signal 
Controls 

Per 
controller 

2.5 10 0.2 0.5 
2.5 

(2.4) 
6 

(6) 
0.2 

(0.2) 
0.4 

(0.4) 
2.5 10 0.2 0.5 3.0 17   

Signal Controllers 
Per 

controller 
11 17.5 0.2 0.9 

8 
(8) 

14 
(14) 

0.2 
(0.2) 

0.5 
(0.5) 

        

Traffic Signals Per signal 95 115 2.4 3 
95 

(88) 
115 

(107) 
2.4 

(2.1) 
3 

(2.7) 
        

Signal Preemption 
Receivers 

Per 
intersection 

2 8 0.05 0.2 
2 

(2) 
6 

(6) 
0.04 

(0.04) 
0.2 

(0.2) 
2 8 0.05 0.2 5.4 10.8 0.15 0.3 

Signal Controller 
Upgrades for Signal 
Preemption 

Per 
controller 

2 5   
2 

(2) 
4 

(4) 
  2 5       

Ramp Meters 
Per 

direction 
30 50 1.5 3.5 

25 
(24) 

50 
(48) 

1.2 
(1.1) 

2.8 
(2.7) 

30 50 1.5 3.5 33.8 84.4 1 2 

Software for Lane 
Control 

Per center 25 50 2.5 5 
25 

(24) 
50 

(48) 
2.5 
(2) 

5 
(5) 

6 9   270.0 405.0 10 15 

Lane Control Gates 
Per 

location 
100 150 2 3 

100 
(77) 

150 
(115) 

2 
(1.5) 

3 
(2) 

100 150 2 3 90.0 135.0 3 5 

Fixed-Lane Signals 
Per 

location 
6 8 0.6 0.8 

6 
(5) 

8 
(6) 

0.6 
(0.5) 

0.8 
(0.6) 

6 8 0.6 0.8     
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Table 4-1 
(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Roadside Information (RS-I) 

Roadside Message 
Signs 

Per 
direction 

50 75 2.5 3.75 
50 

(38) 
75 

(57) 
2.5 
(2) 

3.75 
(3) 

50 75 2.5 3.75     

Roadside Information (RS-I) (CONTINUED) 

Wire line-to-Roadside 
Message Signs 

Per 
direction 

6 9   
6 

(5) 
9 

(8) 
  6 9 0 0     

VMS 
Per 

direction 
48 120 2.4 6 

47 
(47) 

117 
(117) 

2.3 
(2.3) 

6 
(6) 

48 120 2.4 6 47.3 175.5 5 16 

VMS Towers 
Per 

direction 
25 125   

25 
(25) 

120 
(120) 

  25 125 0 5 33.8 168.8   

Dynamic Trailblazers 
Per 

location 
            23.0 67.5 1 4 

HAR 
Per 

location 
16 32 0.6 1 

15 
(15) 

35 
(35) 

0.6 
(0.6) 

1 
(1) 

16 32 0.6 1 56.7 62.1 2.1 2.5 

HAR Signs 
Per 

direction 
5  0.25  

5 
(5) 

9 
(9) 

0.25 
(0.25) 

0.25 
(0.25) 

    12.2 20.9 0.5 1 

Roadside Probe 
Beacons 

Per 
direction 

5 8 0.5 0.8 
5 

(5) 
8 

(7) 
0.5 

(0.5) 
0.8 

(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 
Gates and Signals 

Per 
location 

115 130 4.25 4.85 
115 
(88) 

130 
(100) 

4.25 
(3.3) 

4.85 
(3.7) 

115 130 4.25 4.85     

Rail Crossing Train 
Detectors 

Per 
location 

16 21.5 0.77 1.03 
16 

(12) 
21.5 
(16) 

0.77 
(0.6) 

1.03 
(0.79) 

16 21.5 0.77 1.03     

Rail Crossing 
Controllers 

Per 
location 

8 10 0.4 0.5 
8 

(6) 
10 
(8) 

0.4 
(0.3) 

0.5 
(0.4) 

8 10 0.4 0.5 9.0 12.6 0.3 0.5 

Rail Crossing 
Pedestrian Warning 
Signals and Gates 

Per 
location 

10 15 0.2 0.3 
10 
(8) 

15 
(11) 

0.2 
(0.2) 

0.3 
(0.2) 

10 15 0.2 0.3 16.1 49.5   

Rail Crossing Trapped 
Vehicle Detectors 

Per 
location 

25 30 1.25 1.5 
25 

(19) 
30 

(23) 
1.25 
(1) 

1.5 
(1.1) 

25 30 1.25 1.5     

Traffic Management Centers (TMC) 
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Table 4-1 
(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Basic Facilities, 
Communications for 
Large Area (>750,000 
population) 

Per center 4,000 4,000 400 600 
3,500 

(4,060) 
8,000 

(9,279) 
350 

(406) 
1,200 

(1,392) 
4,000 4,000 400 600 5,800 7,200 400 500 

Traffic Management Centers (TMC) (CONTINUED) 

Basic Facilities, 
Communications for 
Medium Area 

Per center 3200 3200 400 480 
3,200 

(4,050) 
3,200 

(4,050) 
400 

(506) 
480 

(608) 
3200 3200 400 480 3,200 4,200 200 400 

Basic Facilities, 
Communications for 
Small Area (<250,000 
population) 

Per center 2800 2800 400 420 
2,800 

(3,544) 
2,800 

(3,544) 
400 

(506) 
420 

(532) 
2800 2800 400 420 2,800 2,800 100 200 

Hardware for 
Surveillance, Incident 
Detection and 
Response, and 
Information 
Dissemination 

Per center     
180.8 

(170.4) 
234.6 

(220.8) 
9.05 

(8.53) 
11.65 

(10.97) 
224.4 297.6 11.22 14.88 100 200 40 50 

Software/Integration 
for Surveillance, 
Incident Detection and 
Response, and 
Information 
Dissemination 

Per center     
481.5 

(449.1) 
588.5 

(548.9) 
  481.5 588.5   200 500 25 50 

Video Monitors, Wall 
for Incident Detection 

Per center     
57 

(48) 
103 
(87) 

3 
(3) 

5 
(4) 

40.5 49.5 2.025 2.475 100 350 35 55 

Labor for Incident 
Detection and 
Response, and 
Information 
Dissemination 

Per center       
810 

(939) 
990 

(1,148) 
  810 990   300 1,200 

Transit Center 
Software Integration 

Per transit 
vehicle 

815 1,720 6 12 
775 

(775) 
1,636 

(1,636) 
6 

(6) 
12 

(11) 
815 1,720 6 12 300 1,500 6 12 
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Table 4-1 
(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

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

GPS/DGPS for Vehicle 
Location 

Per transit 
vehicle 

0.5 0.8 0.01 0.016 
0.5 

(0.5) 
2 

(2) 
0.01 

(0.01) 
0.04 

(0.038) 
0.5 0.8 0.01 0.016 10 15 0.1 0.15 

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

Signal Preemption 
Processor 

Per transit 
vehicle 

0.3 0.6 0.003 0.006 
0.3 

(0.2) 
0.6 

(0.5) 
0.006 

(0.005) 
0.01 

(0.008) 
0.3 0.6 0.003 0.006 0.5 2.2 0.006 0.022 

Security Package 
(CCTV, Hot Button) 

Per transit 
vehicle 

4.2 5.3 0.21 0.26 
3.2 

(3.2) 
6.2 
(6) 

0.21 
(0.16) 

0.265 
(0.2) 

4.2 5.3 0.21 0.26 6 12 0.2 0.4 

Electronic Fare Box 
Per transit 

vehicle 
0.8 1.5 0.04 0.075 

0.8 
(0.6) 

1.5 
(1.1) 

0.04 
(0.03) 

0.075 
(0.06) 

0.8 1.5 0.04 0.075 11.4 13.2 0.2 0.4 

APC 
Per transit 

vehicle 
    

0.96 
(0.96) 

9.6 
(9.6) 

      10 15 0.2 0.4 

CCTV Camera at 
Remote Location 

Per 
location      

4 5 0.08 0.10 
2 

(2) 
5 

(5) 
0.1 

(0.1) 
0.24 

(0.24) 
4 5 0.08 0.10 15 25 0.5 1.0 

Electronic Toll Collection (ETC) 

Electronic Toll 
Equipment (On-Board) 

Per vehicle 0.04    
0.04 

(0.03) 
0.1 

(0.1) 
  0.04 0.1   0.03 0.05   

Toll Administration 
Hardware 

Per plaza 10 15 0 0.02 
6.4 

(5.9) 
9.6 

(8.8) 
0.32 

(0.29) 
0.48 

(0.44) 
10 15 0 0.02 100 150 5 7 

Toll Administration 
Software 

Per plaza 40 80 4 8 
40 

(38) 
80 

(76) 
4 

(3.8) 
8 

(7.6) 
40 80 4 8 400 600 20 30 

ETC Reader Per lane 2 5 0.2 0.5 
2 

(2) 
5 

(5) 
0.2 

(0.2) 
0.5 

(0.5) 
2 5 0.2 0.5 8 12 0.4 0.6 

High Speed Camera Per lane 5 10 0.5 1.0 
7 

(7) 
10 

(10) 
0.5 

(0.4) 
1.0 

(0.8) 
5 10 0.5 1.0 6 10 0.5 1.0 

ETC Hardware/ 
Software at Toll Plaza 

Per plaza 5 10 5 10 
5 

(5) 
10 

(10) 
  5 10   150 250 7 10 

ETC Toll Plaza 
Structure 

Per plaza 10 15 0 0.02 
10 

(13) 
15 

(19) 
  10 15 0 0.02 13 20 0.1 0.2 

Classification/Detection              10 14 1 1.5 
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Table 4-1 
(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Commercial Vehicle 
Administration 
Software, Integration 

Per center 200 220 4 4.4     200 220 4 4.4 500 1,000 10 20 

Commercial Vehicle Operations (CVO) 

Software Upgrade for 
Electronic Credential 
Purchasing and 
Management 

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

Software Upgrade for 
Interagency 
Information Exchange 

Per center 20 40 0.4 0.8     20 40 0.4 0.8 300 1,500 10 20 

Software Upgrade for 
Safety Administration 

Per center 40 80 40 80     40 80 40 80 400 600 10 20 

DS0 Communication 
Lines 

Per line 0.5 1 0.6 1.2 
0.5 

(0.5) 
1 

(0.9) 
0.6 

(0.6) 
1.2 

(1.2) 
0.5 1 0.6 1.2 0.8 1.5 1.5 2 

Communications Subsystem 

DS1 Communication 
Lines 

Per line 0.5 1 4.8 8.4 
0.5 

(0.5) 
1 

(0.9) 
4.8 

(4.8) 
9.6 

(9.6) 
0.5 1 4.8 8.4 0.8 1.5 5.6 10 

DS3 Communication 
Lines 

Per line 3 5 24 72 
3 

(2.7) 
5 

(4.6) 
24 

(22) 
72 

(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 
Corridors 

Per mile  65  0.02 
50 

(50) 
75 

(75) 
3 

(3) 
3 

(3) 
    108    

Fiber Optic Cable 
Installation per Mile 

Per mile  20  .02 
20 

(20) 
52 

(52) 
1 

(1) 
2.5 

(2.5) 
    22 34   

Under Pavement Bore 
Per 

location 
            2 4   
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Table 4-1 
(continued) 

SUBSYSTEM / UNIT 
COST ELEMENTS 

Deployment 
Location 

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

COSTS 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Capital Cost 
($K) 

O&M Cost 
($K/Year) 

Low High Low High Low High Low High Low High Low High Low High Low High 

Ethernet Core Switch 
Per 

location 
             140   

Ethernet Hub/Routing 
Switch 

Per 
location 

            3 10   

Communications Subsystem (CONTINUED) 

Ethernet Edge Switch 
Per 

location 
            1 4   
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4.3 ITS Dollar Values  

 

Table 4-2 presents a list of the parameters used by the IDAS to convert ITS impacts to 

dollar values. Hadi et al.
27

 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 with the recommendations: 

 

 The value of travel time for a single-occupancy automobile was changed from 

$9.63 to $5.15 and for multiple-occupancy autos from $9.63 to $6.70 (assuming 

1.3 vehicle occupancy).  

 For commercial vehicles, the travel time value was changed from $16.96 to 

$50.80.  

 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 

one-third the wage rate for work or commuting trips. 

 The vehicle operating cost per vehicle-mile (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. 

 The values of crash costs were changed 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 crashes, $72,000 for injury crashes, and $1,776 for PDO 

crashes. 

 The dollar values associated with travel-time reliability were calculated in IDAS 

as 3 multiplied by the travel-time dollar values. The travel-time reliability dollar 

values were adjusted to reflect the changes made to the travel-time dollar values 

as discussed above. 

The modifications to the dollar values 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. 

 

 

 

 

 

 

 

                                                 
27 Hadi, M.A., D. Quigley, P. Sinha, and A. Krishnamurthy, ñIntelligent Transportation Systems 

Deployment Analysis System Customization,ò Final Report Prepared for the FDOT by PBSJ, Inc., 

Tallahassee, FL, October 27, 2005. 
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Table 4-2 The Benefit Dollar Values Used in IDAS 
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5 General Requirements and Design 
 

This chapter details 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 

measures, supporting modules, and other general evaluation requirements. Requirements 

that are specific to individual ITS component evaluation modules are shown in Sections 6 

to 16. This document refers to the sketch planning tool developed here as ñthe Tool.ò The 

requirements presented in this document were reviewed and fine-tuned in a workshop 

conducted during the early stages of this project. 

 

5.1 General Requirements  

5.1.1 Time-of-Day Analysis Requirements  

 

 The benefit-cost analysis shall be based on the time-of-day period analysis. 

 

 The benefits for each analysis time period shall be calculated separately and the total 

benefits shall be calculated as the sum of the benefits over all the analyzed time 

periods. 

 

 When conducting the analysis utilizing regional travel demand models that are based 

on daily traffic data, period-specific multiplication factors shall be utilized to convert 

the daily link volumes to analysis period volumes, if required by the methodology for 

the specific deployment under consideration. The resulting peak period demands shall 

be used in the benefit-cost analysis. 

 

o The Tool shall include default period specific factors to convert daily link 

traffic demand to period-specific traffic for each direction of traffic and each 

analysis period  

 

o The user shall be able to modify the default time-of-day factors based on local 

conditions. 

 

Analysis: The default factors will be derived on data from Broward County state roads. 

Users should be encouraged to base their values on local conditions. 

 

 When conducting the analysis utilizing regional travel demand models that are based 

on peak period, the period-specific O-D matrix and/or period-specific link volume as 

obtained from the regional model shall be used in the analysis, depending on the 

methodology used for the specific ITS deployment under consideration. 
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 If additional periods are to be analyzed but data are not available for a time-of-day 

demand model, multiplication factors of the peak volume traffic shall be used to 

estimate the demands for these periods based on daily traffic data. 

5.1.2 Performance Measures  

 

 The Tool shall produce the benefits of ITS deployment quantified in all or some of 

the following performance measures, depending on the type of ITS deployment: 

 
 Vehicle miles of travel (VMT) 

 Vehicle hours of travel (VHT) 

 Average speed 

 Number of accidents 

o Fatality 

o Injury 

o Property damage only 

 Fuel Consumption (gallons) 

 Monetary benefits to users and/or agency, as appropriate 

 Emissions 

o Hydrocarbon  

o Carbon monoxide 

o Oxides of Nitrogen 

 

 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 of alternative ITS 

deployments. 

 

o The Tool shall include default values to convert various performance 

measures to dollar values for use in the benefit-cost analysis. The Tool 

shall allow the user to modify the default parameters that convert the 

benefits to dollar values. 

 

 The Tool shall estimate the costs of ITS deployments. 

 

o The cost information shall include the number and types of equipment 

required for each type of evaluated ITS deployment. 

 

o The cost information shall include initial cost, operation and maintenance 

cost, estimated interest rate, and life-time equipment amortization.  
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o The cost information shall include low, high, and average values for each 

item. 

 

o The cost estimates shall be based on per units of deployments (e.g., per 

mile of deployments, per bus per number of intersections). 

 

o 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.  

 

 

 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 JPO benefit database, 

and the values used in existing ITS sketch planning tools. 

 

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

 

o The default and user input values for the ITS impact parameters shall 

include minimum and maximum values. 

 

 The benefit-cost evaluation procedures shall allow users to input additional cost 

components calculated external to the model. The evaluation procedures shall account 

for these components, and they will be used in combination with the measures 

quantified using IDAS in the overall project ranking process. 

 

5.1.3 Supporting Module Requirements  

 

 When needed, the Tool shall utilize the trip distribution module, assignment module, 

mode choice module, and demand-speed relationships developed for the region and 

used in the validated FSUTMS regional demand forecasting models.  

 The Tool shall include a module to estimate the environmental impacts in terms of 

pollution due to traffic emission with and without ITS deployments.  

o The emission module shall estimate the impacts of traffic stream 

characteristics on the CO, NOx, and HC emissions. 

o The emission module shall be based on the Mobile6 modules developed 

for the Florida regions. 

o The emission module shall take conditions including idling in queues 

during incidents into consideration. 
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 The Tool shall include a module to estimate the fuel consumption based on the 

characteristics of the traffic stream. 

o The selected fuel consumption model shall be based on a review of those 

used in the sketch planning tools and those used in the literature.  

o The default module shall be the IDAS module modified to eliminate 

unrealistic increase in fuel consumption with increased speed. 

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

deployments. 

o The safety module shall provide estimation of property damage only, 

injury, and fatality crashes as a function of volume to capacity (V/C) ratio 

and vehicle-miles traveled. 

o The Florida-Specific IDAS safety module developed in a previous FDOT 

project shall be used as the default safety module in the Tool. 

 The user shall have the ability to override the default emission, fuel consumption, 

and safety modules. 

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

 

5.1.4 Evaluated Deployments  

 

 The evaluated ITS deployments shall include regional, freeway, arterial, and transit 

deployment categories 

 The evaluated regional deployment shall include 

o Regional travel information systems 

 The evaluated freeway deployments shall include 

o Ramp metering 

o Incident management systems 

o Highway advisory radio (HAR) and dynamic message signs (DMS) 

o Smart work zones 

o Road weather information systems (RWIS) 

o Managed lanes 

 The evaluated arterial deployments shall include 

o Signal control 

o Emergency vehicle signal priority 

o Transit priority systems 

 The evaluated transit deployments shall include 
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o Monitoring and management of fixed route transit 

o Transit information systems 

o Transit security systems 

o Transit electronic payment systems 

5.2 General Design  

 

This section presents the general design of the ITS evaluation tool developed in this 

study. The design and implementation of individual evaluation of ITS deployments is 

presented in the sections that discuss these individual evaluations (Sections 6 to 16). The 

actual code written in the script language of Cube is provided on a CD-ROM that 

accompanied this 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 useful visualization of the logical 

design of software in terms of the required processes and interfaces of the tool. The 

logical design can be used as a basis for the physical design of the system, described in 

Section 5.2.2.  

 

The data flow diagrams of the developed tool are presented in Figure 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 identified requirements 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 our Tool, as 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 system. As indicated in Figure 5-1, the 

evaluation of benefits and costs require input data from an ITS benefit database, ITS cost 

database, benefit dollar values, regionally-calibrated FSUTMS modules, and the users of 

the system.  
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Figure 5-1 Context Diagram ï DFD Level 0 

 

 

Figure 5-2 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. Each of these high level processes is further decomposed into sub-

processes. The Evaluate ITS Benefits process in Figure 5-2 is decomposed into four main 

processes: Evaluate Freeway Management, Evaluate Arterial Management, Evaluate 

Regional ITS Deployments, and Evaluate Advanced Public Transit Systems. Figure 5-3 

shows the Evaluate Freeway Management Process. This process is further decomposed 

into five processes: Evaluate Incident Management and DMS, Evaluate Smart Work 

Zone, Evaluate Road Weather Information Systems, Evaluate Ramp Metering, and 

Evaluate Managed Lanes. Figure 5-4 shows the details of one of these processes 

ñEvaluate Incident Management and DMS.ò Evaluate Arterial Management is 

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 1 ï Evaluate ITS Benefits and Costs 
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Figure 5-3 Process 3.1. Evaluate Freeway managements 
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Figure 5-4 Process 3.1.2 Evaluate Incident Management and DMS 
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5.2.2 Physical Design 

 

The ITS evaluation tool developed in this study is implemented in the FSUTMS/Olympus 

model using the script language of the Cube software, which is the modeling engine of 

the FSUTMS. The evaluation tool is coded in Cube as one catalog, called ñITS 

Evaluation Tool.ò Each ITS component (such as incident management, ramp metering, 

advanced traveler information systems, etc.) is organized as one application within this 

catalog. By selecting the application, the user can identify the ITS deployment that is to 

be evaluated, as shown in Figure 5-5. 

 

 

CUBE Catalog

C:\ITS\ITS Evaluation Tool.cat

ITS Implementation Tools

C:\ITS\applications\

Ramp Metering

Advanced Traveler 

Information System

Smart Work Zone

Road Weather 

Information

Incident 

Management System

Emergency

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

 

An example of the evaluation modeling structure of the developed tool is shown in  

Figure 5-6. Four modules are shown in  

Figure 5-6 as listed below. 

 

 Deployment identification module: This module associates ITS deployments with 

deployment locations. 

 

 Benefit module: This module provides estimations of the benefits of ITS 

deployments in terms of travel time, safety, fuel consumption, emissions, and 

monetary benefits. Figure 5-7 shows the sub-modules that calculate the above 

benefits. The structure of these sub-modules is further discussed when individual 

ITS components are discussed in the following chapters. 

 

 Cost module: This module calculates the required equipment, initial and recurrent 

costs and converting these costs to annual values. 

 

 Benefit/cost ratio module: This module converts all the benefits to dollar values, 

converts these values to annual values, and then calculates the benefit/cost ratios of 

ITS deployments.
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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 Sub-Modules


