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ABSTRACT

DEVELOPING AN EVALUATION APPROACH TO ASSESS LARGE SCALE $T
INFRASTRUCTURE IMPROVEMENTS: I-91 PROJECT
IN MASSACHUSETTS

SEPTEMBER 2009
MELISSA PACIULLI, B.A. WESTFIELD STATE COLLEGE

M.S.C.E., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor John Collura

Intelligent Transportation Systems (ITS) can include multiple techiesl@nd applications
combined to improve the overall efficiency and effectiveness dfaineportation system or
network. These applications are deployed with the anticipationhhaetsired project goals and
objectives established by multiple stakeholders will be actlie@nce a system is deployed, the
project goals and objectives should be evaluated. The evaluatiorogateoth quantitative
and qualitative feedback to assess the impacts associated withetstenent in building,

designing and implementing these systems.

This research includes a methodology to evaluate large scaleftdi€riucture projects using the
Interstate 91 (1-91) ITS Project as a case study. The methodologippled includes a review of
literature, a clear definition of project goals, objectives arehited outcomes, the development
of hypotheses for project outcomes, specific measures of effeetisepre and post-data

collection methods and criterion to measure the success rate of aghtevintended objective.

The following recommendations should be considered by the I-91 ITS Prejgatt 8s next steps
in conducting an ITS evaluation; identify and prioritize the goals and olgenkeas, develop a
multi-phase evaluation approach, identify existing data sources of pi@shent data, identify

missing data requirements and document the existing communication protocad pri

\Y
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deployment. Such a large scale evaluation requires an extensivefleffert, and priority
should be given to developing a multi-phase approach. This research nisy bsea towards
the development of an Evaluation Plan which is recommended as a componento$tie si

process outlined in the Evaluation Guidelines, from the United States Depadin

Transportation.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Overview

Intelligent Transportation System (ITS) can include multiple tecdume$ and applications
combined to improve the overall efficiency of the transportation systenetwork. These ITS
applications may have multiple objectives such as providing informatitvavelers on the
transportation system, improving traffic management, suchféis flaw, incident response or
traveler delay and increasing the efficiency of the transpmmtagtwork overall.* ITS
applications offer a solution to increase the capacity, mobility andidmadity of the network

through the use of advanced technologies.

A traditional approach to project development includes planning,rdegégloyment, operation
and evaluation. The evaluation is a necessary component of projegt, degployment and
operation in order to determine that the project goals and objectivesben achieved and to
provide insight into process improvements. The evaluation of a prajedtecconducted pre and
post deployment and can be both formative and summative. A formative appvadichtion is
conducted during project development and throughout the remainder of the |ifi@atle. The
intention of this type of evaluation is to offer project feedback whilgtbgct is developing to
assist in shaping the development and refining the project overall. Aativaravaluation is

completed after the project is completed and is utilized to asseghd&gnoject met the intended

! Fundamentals of Intelligent Transportation Syst@fasning, Mashrur A. Chowdhury and Adel Sadek,
1
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goals. This type of evaluation can also be referred to as an impact ovalaatien.? For the
purpose of this proposed research the evaluation methodology will be bassgnomative

approach.

ITS impact assessments are summative in nature and are conducted pystel@pl The
analysis is conducted given a set of performance criteria with nesasfueffectiveness directly
related from the project goals and objectives. These evaluatmunsereata pre deployment in
order to properly quantify the outcomes. Common performance measurements used for
evaluation are safety, travel time, throughput, customer satisfadgtiguadity and emissions and
fuel consumption® Criterion is established for these measures and can include both dgjventita
data and qualitative data. Measures may include an evaluationtoktatistics, travel time,

survey of users for customer satisfaction and others.

The use of ITS technologies to provide solutions to transportation probterbgcoming
increasingly utilized, however the need for additional evaluation and éotation still exists.
The financial resources required to obtain necessary data pre and poginggploften inhibit

the evaluation capabilities. By creating an active evaluation planrdfeepteam can utilize
existing resources and cooperation among stakeholders, to assist-tleployment data
requirements. Documented benefits, or measures of effectiveroesqreviously deployed
projects, exist but are limited in numb&As more evaluations are conducted and documented,
increased viability and awareness of ITS technologies will becarneaigsingly more recognized

by the transportation community as potential solutions in a constrainedrengino

2 http://www.nsf.gov/pubs/2002/nsf02057/nsf02057.piftional Science Foundation

® Fundamentals of Intelligent Transportation Syst@tasning, Mashrur A. Chowdhury and Adel Sadek,
* http://www.itsbenefits.its.dot.gov/its/benecostinsages/Reports/$File/DataNeeds2001. pdf
2
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1.2 Research Problem

Large scale ITS deployments often require multiple technologies andrcontkiple goals and
objectives. The need for evaluation is imperative to increaseilizatidn of ITS in

transportation planning, this requires additional documentation of ITS afpmfis, deployments
and benefits. As a result of the complexity of the project and limited s well as possible
institutional issues, an evaluation plan has not yet been developed afstipe I-91 project
lifecycle. Institutional issues can limit the ability of the projgeam to coordinate efforts to
conduct an effective evaluation at the necessary and logic stepsarojéct life cycle’There

are often institutional issues that limit the ability to conduct atuatian. Quantifying a large
scale ITS infrastructure project would be extremely beneficial toraingportation community
and would thereby increase utilization of these technologies. This nidedtisied at the federal

level in support of continued use in ITS planning, development and deployment.

1.3 Objective

The objective of this research was to develop an ITS evaluation methpémi@glarge scale
infrastructure improvement project. The I-91 ITS Project witke as a case study in this
research. This Project has multiple objectives with many stakeboldes research includes a
review of large scale infrastructure ITS projects that havedlreeen deployed and which
utilized methodologies to perform evaluations. The methodology develojpedt af this
research would provide the 1-91 Project team with an approach to assespébts iof the 1-91
ITS project upon deployment. This methodology should also be of interest tanolireduals

developing large scale ITS infrastructure improvement projects.

®> Fundamentals of Intelligent Transportation Syst@fasning, Mashrur A. Chowdhury and Adel Sadek
3
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CHAPTER 2

LITERATURE REVIEW

2.1 Evaluation of ITS

While it is recognized that project evaluations can be done both pre and goghumt the

focus of this research and literature review is based on post deployrsentroative
evaluations. Recent legislation titled the Safe, Accountableldfefficient Transportation
Equity Act: A legacy for Users (SAFETEA —LU) has established reo@rnts and guidelines for
ITS project evaluations that receive funding from the United Statestbepd of Transportation
(USDOT) in order to effectively evaluate and measure the projémbrmes in a uniform manor.
The requirements include an Executive Summary of the project, a geneedl assessment, and
2 specific evaluation products based on the activities of the prdjeese evaluations can be
either qualitative or quantitative. ITS projects that rec&meling from the United States

Department of Transportation (USDOT) are required to provide projaltiagion’

The recommended evaluation process should include six components.

1. Form an Evaluation Team

2. Develop the Evaluation Strategy

3. Develop the Evaluation Plan

4. Develop One or More Test Plans

5. Collect and Analyze Data and Information

6. Prepare the Final Report

® www.its.dot.gov/evaluation/equide_resource. ifi8 Evaluation Framework- Phase I, WashingtorteSta
Transportation Center, Peter M. Briglia, Jr. Javh&opf, Mark E. Hallenbeck

4
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Suggested evaluation measures of effectiveness are offered TistBwaluation Resource
Guide, for each area of the National ITS Program goal. The NatioyjatPgoals include
Safety, Mobility, Travel Time Delay, Travel Time Variabilityagacity/Throughput, Customer
Satisfaction, Productivity and Energy and Environment. Criteria for theasures are not
offered within the guide, however examples of Final Evaluation Rewbrth may contain

specific findings relative to project goals, are offered to guidetificmers!

A search of existing literature on evaluation of ITS applications geovieports focused mainly
on single systems and technologies. The evaluations were eithempo® deployment and
contained qualitative and quantitative data evaluations. Large saalgtin€ture ITS projects
with many project objectives and multiple technologies with itign of those technologies

were limited.

The following projects contained similarities to the 1-91 projedhgia methodological approach
to evaluate the projects utilizing both post deployment using quaditatist quantitative methods.

The criteria for the evaluation of the project goals are limhetiare reviewed.

2.2 Specific Project Evaluations

In an report published in 2004 by the Arizona Department of Transportation $R@déd Rural
ITS Progress Study — Arizona 2004, the overall rural system underwerdlaat®sn of the post
deployed ITS systems currently operational. The primary purpose gktiést was to evaluate
how the Arizona DOT'’s rural ITS was functioning with respect to measthangerformance of
the system, recording the benefits, identifying costs, determininglera perception and how
well Arizona was adhering to their strategic ITS plan. This lacgke ®valuation was intended to

gage the overall system and not any one specific application.

’ www.its.dot.qoviTS Evaluation Guidelines

www.manaraa.com



The methodology utilized in this analysis was to conduct an initialtliteraeview of existing
performance measures and previous ITS plans, to survey the institutiersabtihe system and
the general public, and to evaluate the ITS infrastructure perfoentkta. The general
conclusion, was that Arizona was following the ITS strategic plarswsere becoming familiar
with the system and the overall performance was good. Recommendatiods, that the
further deployment of ITS technologies should be supported and overall opsdratidn
management costs while high, should be a priority. The study also higlsiaghésneeded
improvements which include, increased field equipment performaogenanication systems,

central software, information quality and format, maintenance, and puittiact

The Arizona based study evaluated the performance of a rural ITStinétare with 18 key ITS
elements including Regional Weather Information System (RWIS), [Braygl system and

Emergency detection and response system.

In a 2007 publication titled ITS Evaluation Framework — Phase 2, published byagténgton
State Transportation Center an evaluation methodology that was previotelypeel and tested
on a group of five advanced traveler information system (ATIS) projextgiven applied to a
larger group of diverse ITS projects ranging from planning to safety. vitheagtion
methodological approach was qualitative and included a survey cogtaiigieneral script that
addressed project background, system features, system operations, sgfibéraass public
response, project management and lessons learned. This methodologyrtitidet i
performance measures or measures of effectiveness based on indiv&lapplications, but did
provide a framework that was applicable to multiple ITS technologiesth@gqualitative data.

Examples of ITS projects that were evaluated with this framework im¢cheWhatcom Regional

8 Rural ITS Progress Study — Arizona 2004, WendtlafdKolcz, A, Christenson, R, ITS Engineers and
Constructors, INC. Arizona Department of Transptioh and Federal Highway Administration

6

www.manaraa.com



ITS Fiber Optic Integration project, Traveler Information System Esioa and the 1-90 Wind

Warning Systent

The 1-90/94 Fiber Backbone Network and Spurs Build Out (Phase Il) published bystendfn
Department of Transportation, is mainly a qualitative evaluation dift®diber optic project.
The Wisconsin Department of Transportation obtained 36 strands of “darkidibeted along
the 1-94 right of way. This fiber was not operational but provided the Statiize this
infrastructure at a lower cost to construct a “fiber optic bacKbmnenable a communication
network which would make a Traffic Operations Center (TOC) feadihke project goals are
defined in the mission statement “Essentially the fiber backbone pravitieans of integrating
regional urban ITS deployments, rural deployments, and makes it possible todagle a
statewide operations center. Since the hub locations and field equipméantiktnes connected
to those hubs consist of highway operations, public safety, and emergency mamage
organizations, integration across these functional areas becomddepabsther urban or rural,
and can involve Federal, State and Local jurisdictions. “The specdject goals include Traffic
Management and Highway Operations which include the development of anlAReréavay
and Transit management System integrated into a TOC”. Also includleel TOC is a Public
Safety Communications System consisting of an Incident Management Sysidbmergency
Management and a Roadway Security and monitoring which includes a THafetaration
System. The integration of rural ITS deployments, Road Weather Systefimaanter
Alternative Routing Messaging systems are expected outcomes afdjeist pvhen completed.
The specific measures of effectiveness include qualitative ddéatearh methods outlining

existing connections along the infrastructure between the TOC and dteksheee Appendix A.

° www.its.dot.gov/evaluation/equide_resource. fifi8 Evaluation Framework- Phase I, WashingtorteSta
Transportation Center, Peter M. Briglia, Jr. Javh&opf, Mark E. Hallenbeck
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Lessons learned on this project are also outlined and includetiosidl issues, integrating ITS
components and innovative financing and public/private partneringreplogt does not

highlight specific criteria or data analysis methods of evaluating ézsumes of effectiveness.

The Strategic Plan for the Fleet forward Evaluation, prepared by Cam®@ydggmatics, Inc.
contains Evaluation Guidelines, Evaluation Goals and Objectives, and Evaluctiiities for

the FleetForward project along the 1-95 corridor. The FleetForwardgpriocludes real time
traffic data from the ATIS systems that SmartRoute Systems hasyddph the metropolitan
regions of major east coast cities, and the Information Exchange Neiveeiked by the 1-95
corridor Coalition which contains is regional based real-timiidrdata. This data is expected to
provide information on traffic incidents, construction and congestion sgahjiftargeted and

tailored to the Commercial Motor Vehicle industry.

The evaluation plan, prepared by Cambridge Systematics, clearly otiingsoject goals,
objectives and planned measures of effectiveness including, on-timergdiuel consumption,
employee turnover, etc., as seen in Appendix C, but does not list spetsfia ¢or
measurement. The methods that will mainly be utilized for the evatuatioa test of the system
with 36 user’s pre and post deployment, and a qualitative discussions wilicps
documentation of the accessibility of information with the given arctbite and finally the
effectiveness of the private, public partnership will be measuredrbpletion of the intended

project goals. No specific criteria are given to quantify the measifreffectiveness.

The Evaluation Plan, Model Deployment of a Regional Multi-Modal 511 Trairdtmmation

System, published by the Battelle Memorial Institute, outlines a eledination approach

19190/94 Fiber Backbone Network and Spurs Build- (Rhase 1) Wisconsin Department of
Transportation Final Report and Local Evaluatidd)@

! Strategic Plan for the FleetForward EvaluationnBedge Systematics in association with SAIC, 1999
8
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directly outlining the objectives, hypothesis, measures and data ioolleoturce. The National
evaluation of the Arizona 511 Traveler Information System was conducted tguifiance as a
model deployment to assist and document performance and the lessons learnddgtotimeent
of the enhanced system. The model deployment is intended to demonstrate tled pbtaet

511 system to bring together multiple data options and sources to provideraseler
assistance in a telephone interface. The primary objectives ofah&ton are to measure the
following; the “pushing of the envelope” in 511 service standards;autilizovative user
interface with advance capabilities; provide data via auton@tie Isegments; and provide the
minimum 511 systems requirements such as providing current traffic iomsdinajor
disruptions in public transit; construction and unplanned traveler ireade; weather conditions;

and significant traffic disruptions?

The evaluation plan includes clearly outlined objectives, within thematframework of ITS

goal areas including, mobility, efficiency and customer satisfaciiba objectives, measures and
data collection methods can be seen in Appendix B. The evaluation plan includfis spe
information on obtaining and measuring data communication logs. Other datdi@o methods
include the use of focus groups both pre and post enhancement and a survéi afubkers to

broaden the feedback and provide information on customer satisfaction.

2.4 Summary of Literature

The literature findings related to ITS evaluation methodology andiarjiesvided useful
resources for evaluating large ITS infrastructure type projedige\Wach of the ITS projects
referenced have different components, larger scale projectstaainsiany systems and multiple

technologies often to achieve multiple project goals. Largeuatiahs such as the Arizona Rural

2 Final, Evaluation Plan Model Deployment of a RegioMulti-Modal 511 Traveler Information System,
Arizona Department of Transportation, Battelle Meiaid nstitute, 2003

9
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ITS Project Summary, provide a closer look at an ITS methodologyahdtecutilized to
qualitatively evaluate multiple ITS technologies. Cost/benefit etiahscan be conducted with
technologies on a project by project basis. While the 1-90/94 Fiber Optis sffecific measures
of effectiveness this evaluation was qualitative in nature and didfeotspecific criteria for post

— deployment evaluation of the system.

These methodologies, in combination with project specific evaluatioliss technologies can be
combined to provide a complete methodology for evaluating large scaleffa&ructure

projects utilizing both qualitative and quantitative methods with dpeaifget criteria.

Observations based on this review of literature, suggest that amagealframework should

include:

1. Project goals clearly identified.

2. Project goals and objectives should be prioritized to National ITS.goals

3. Use of both qualitative and quantitative methods should be considered.

4. Involvement of all project stakeholders to clearly outline exjplggteject outcome
measures and hypothesis.

5. Criteria related to the measures of effectiveness should balemtsipre-deployment.

6. Consideration to pre-deployment data collection requirements should baeidcl

10
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CHAPTER 3

THE 1-91 ITS INFRASTRUCTURE PROJECT

3.1 Project Overview

The Massachusetts Highway Department (MassHighway) is beginningumtiostron a 31.7
million dollar, ITS infrastructure improvement project located in \BfesMassachusetts, along
the 1-91 corridor. This project will include multiple technologies to be depl@ong the 1-91
Corridor to 1-291 establishing a communication network linking many stakeBatdthe region

and state.

The project will include installation of fiber optic (6 conduit) alonglt®é corridor and
installation and placement of 34 cameras — closed circuit for videeikance, 11 Overhead/6
mounted Variable Message Signs (VMS), Travel Time will be colleanelddisplayed along 10
segments, and the connection of a TOC bringing together Emergency ManaggstemsS
Traveler Information Systems and connections to the State TOC aekktriaormation system.

This project extends from the southern border of Connecticut to tHeesodorder of Vermont.

The project objectives are stated as “The overall vision of Massldigh@1 ITS project is to
provide for the design, deployment, and operations of a communications infrastaraduil S
capabilities for the region and 1-91 corridor as part of the Commonwealth&ptdation
system.....This Project will monitor the I-91 and 1-291, and provide the reswdtdritime travel

information to enhance public safety and provide transportation agendiethavibols to

11
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improve operations, promote the coordinated management of incidents eartidxgublic

informed.”

Operational evaluations are often included as part of a completeiductios project, to ensure
proper functionality of system equipment and components, which is the cése &1 project.
To date, an evaluation plan has not been established to define measuegioteéss and
criteria to conduct an evaluation of this I-91 ITS project. Examplestehpal data collection

methods and criteria are offered in the case study section of this report.

The project goals and objectives are defined in the MasshighwayTBE9Rroject, Design Build
RFQ/Procurement report, Concept of Operations, RFQ report, howevelisthtze an additional
goal, as part of this project, to bring broadband capability to munia&saditong the 1-91 corridor
who currently do not have this technology due to infrastructure liomisiti Conduit will be made
available for lease along the 1-91 corridor for economic developmepbges, bringing
broadband access to areas in Western Massachusetts that currentlpaeeribis technology.
Recently passed legislation, “An Act Providing For Economic Recovery ThiBugadband
Initiatives”** in the Commonwealth of Massachusetts provided extended time framegtfior
of use” and lease of this infrastructure to not exceed 25 yearswillhirscrease private interest in
utilizing this infrastructure for the purpose of economic developmenthEgurpose of this

research, the transportation engineering objectives are analyzdweawbhomic development

measures will require further research.

131-91 ITS Project Design Build RFQ/P Procuremeah@pt of Operations Report, January 2007
MassHighway

14 Chapter 33 of the Acts of 2009, Commonwealth os&éhusetts Legislation
12
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3.2 Pre Deployment Operating Protocol

The I-91 ITS Project, Design Build RFQ/P Procurement, Concept of OperRipust, Version
1.0 (RFQ/P) outlines the Region’s current communication protocokeetthe Western
Massachusetts, MassHighway District 2 office (DTOC) and théoBdscation of the
MassHighway State central command, (TOC) which is responsibledodioating and
collecting much of the ITS data and disseminating information to the Commitimwiea

SmarTraveler, 511 and other ITS technologies.

The RFQ/P summarizes the operating environment into five steps, as shagurén3:l; to
collect and disseminate information on traffic related incidents andtmosdi The five steps
are; Data Collection and Conditions Monitoring, Incident Detection andidédidn, Incident
Verification and Severity Assessment, Incident Response and Managerddréstoration to
Normal Operations. The current protocol, as understood from the RFQ/P pretbdeployment
stage of the project, the DTOC as handling the monitoring the |-8it &tad the Coolidge
Bridge ITS System, through field staff and advance information on arex@d events in the
Region. The weather data is received from the State MassHighwawyi8éaRoad Weather
Information System (RWIS). Incident detection and notification dataésvestat the DTOC
through the TOC, field staff, the public and other safety groups. In orderifpamincident the
DTOC communicates with MassHighway field staff and State or Lod@lepoResponse and
Management is handled by the DTOC, dispatching the necessary persdheehtident and
when necessary, coordinating efforts with other necessary emerganagement personnel.

Notification to the TOC is also a main responsibility of the DTO€aah step. Normal

151-91 ITS Project Design Build RFQ/P Procuremeah@pt of Operations Report, January 2007
MassHighway
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operations are restored and transmitted via radio and phone beted2h@C and field

personnel.

The TOC handles these steps during the “off hours” of the DTOC. The TO@Coélkscts and

disseminates the weather related data. Data can be dissentinatggh the Motorist Assistance

Pool (MAP), safety agencies, neighboring States and the Massachtasettsde ITS system

which includes the SmarTraveler, 511 and the Massachusetts Interagéecynformation

System (MIVIS).

The current ITS field technology available for notification of inotdeand conditions is one

Variable Message Sign (VMS) located on 1-91.

Figure 3.1: MASSHIGHWAY RFQ/P Existing Operating Environment

Table 5.1: Existing Operating Environment Summary Table

DTOC

Statewide TOC

Step 1: Data Collection and Condition Monitoring

Monitor 1-91
o field staff
¢ planned events

+ weather information
Maintain Coolidge Bridge ITS system

Assume District 2 Dispatch Activities During
“Off Hours”
Monitor Transportation System

e« Boston ATMS

¢ MAP Units
Collect/disseminate weather info
Collect/disseminate traveler info
Maintain ITS systems

Step 2: Incident Detection and Notifi

ication

Receive/forward incident
notifications

field staff

Statewide TOC

s State and Local Police

*
« public (receive only)
.

Assume District 2 Dispatch Activities During
“Off Hours”
Receive/process incident notifications
MAP Units, Districts, field staff
MTA, SP, Public Safety agencies
Neighboring States
Statewide TOC

o Cameras

o Travel Time System

o Event Reporting System

Step 3: Incident Verification and Severity Assessment

Incident verification

¢ field staff
+ Statewide TOC

« State and Local Police

Assume District 2 Dispatch Activities During
“Off Hours”
Verify incident notifications

« MAP Units, Districts, field staff

e MTA, SP, Public Safety agencies

« Neighboring States

¢ Statewide TOC

o Cameras

Update Event Reporting System

Step 4: Incident Response and Management

Assist incident response

« update responders

« dispatch District resources

¢ update Statewide TOC

Assume District 2 Dispatch Activities During
“Off Hours”
Assist incident response

e MAP Units, Districts, field staff

¢ MTA, SP, Public Safety agencies
Information Dissemination

¢ Neighboring States
Update Event Reporting System
MIVIS
VMS

SmarTraveler (511 TIS)

Step 5: Restoration to Normal Operations

14
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Figure 3.1: MASSHIGHWAY RFQ/P Existing Operating Environment (cont.)

DTOC Statewide TOC
e update District staff Assume District 2 Dispatch Activities During
e update responders “Off Hours”

e update Statewide TOC
Information Dissemination

+ Neighboring States
Event Reporting System
MIVIS

VMS

SmarTraveler (511 TIS)

3.3 Post Deployment Expected Operating Protocol

The expected post-deployment operating environment has significaneshanpe five step
process. All major incidents will be handled through the Statewide Ti@Qn#ormation will be
disseminated by the TOC using a Standard Operating Procedure (SOBpeie sy
MassHighway, and currently in place. The TOC will manage the I-91 VM1S,sigllect all data
and monitor major incidents, the DTOC will have the ability to monitor andipiostmation
regarding minor incidents that may impact traffic. All posting will be wamicated and
coordinated with the TOC. The TOC will also be responsible for niaiingga database with all

ITS equipment maintenance and functionality. The difference in roles grohsdslities are

15
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shown in Figure 3:2, below. . The travel time system is no longer a compotleistsyfstem due

to funding issues?®

Figure 3.2: MASSHIGHWAY RFQ/P Expected Operating Environment

Post-Deployment

Table 7.1 Roles and Responsibilities after inplementation of the I-91 ITS

DTOC

Statewide TOC

Step 1: Data Collection and Condition Monitoring

Monitor 1-91

¢ CCTV System

¢ Travel Time System

« field staff

¢ planned events

« weather information
Post Travel Times on I-91 VMS
Post Planned Event Information
on 1-91 VMS
Support Maintenance of 1-91 ITS

Assume District 2 dispatch activities during “off-
hours”
Monitor Transportation System

+ Boston ATMS

+ 191ITS

o MAP Units
Collect/disseminate weather info
Collect/disseminate traveler info
Maintain ITS systems
Post Travel Times on 1-91 VMS
Post Planned Event Information on [-91 VM$S
Disseminate Video and Data
1-91 Supervisory Equipment Maintenance
System Administration

Step 2: Incident Detection and Notification

Receive/forward incident
notifications

« 1-91CCTV

¢ 191 Travel Time System

« State Police

¢ Local police/femergency

responders

o field staff

e public (receive only)

+ Statewide TOC

Assume District 2 dispatch activities during “off-
hours”
« 191 CCTV
o 191 Travel Time System
+ MAP Units, Districts, field staff
« MTA, MEMA, SP, Emergency
Responders
« Neighboring States
« Statewide TOC
o Cameras
o Travel Time System
o Event Reporting System

DTOC

| Statewide TOC

Step 3: Incident Verification and Se

erity Assessment

Incident verification
e CCTV System
+ State Police
» Locsal police/emergency
responders
= Field staff
* Statewide TOC

Assume District 2 dispatch activities during “off-
hours”
Verify incidert notifications
e CCTV System
* MAP Unils, Districts, field staff
« MTA, MEMA, SP, Emergency
Responders
« Neighboring States
s Statewide TOC
o Cameras
Update Even! Reporting System

Step 4: Incident Response and Management

Assist incident response

« Dispatch District resources

* update responders

e update Statewide TOC

- Post messages on VMS
(miner incidents)

e Monitor I-91 (CCTV and
Travel Time System)

Assume District 2 dispatch activities during “off-
hours”
Assist incident response
* MAP Unils, Districts, field staff
« MTA, MEMA, SP, Emergency
Responders
Information Dissemination
e Neighboring States

« Update Statewide TOC, e Update Event Reporting System
District resources, RTIC, - MIVIS
PVTA and responders on e VMS
road conditions - 511
- Post messages on VMS
- Monitor 1-91 (CCTV and Travel Time
System)
- Update District resources, RTIC,
PVTA and respenders on road
conditions
Step 5: Restoration to Normal Operations

» Update District staff
* Update responders
* Update Statewide TOC
+ Update 1-91 VMS (minor
incidents)
Blank
Planned Events
Travel Times
- Update Statewide TOC,
District resources and
responders on road
conditions

Assume District 2 dispatch activities during “off-
hours”
Information Dissemination
« Neighboring States
e Event Reporting System
s MIVIS
e VMS
. 511
* Update 1-91 VMS
= lank
Planned Events
> Travel Times
- Update District resources and

responders on road conditions

16 _
2007
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CHAPTER 4

METHODOLOGY FOR EVALUATION

4.1 National Guidelines

In order to develop a methodology for evaluation of ITS projects it is taupioio understand the
purpose of a framework. The framework is a system in which criteria tinedlagainst project
specific goals to measure the intended project outcome includingssuarckilure. Through a
review of the USDOT Guidelines and 1-91 project specific litess a methodology is developed
with the anticipation that it be applied to the I-91 ITS project. mbasures of effectiveness and

analytical methods for the 1-91 case study will further be deschib&tapter 5.

As outlined in the National ITS Evaluation Guidelines, a six step ppareguidelines includ¥:

1. Form an Evaluation Team

2. Develop the Evaluation Strategy

3. Develop the Evaluation Plan

4. Develop One or More Test Plans

5. Collect and Analyze Data and Information

6. Prepare the Final Report

Utilizing the recommended six steps, this methodology for evaluatigg $xale ITS
infrastructure projects using the I-91 ITS project as a case shagyserve as an Evaluation Plan
in this process. Suggested measures of effectiveness arel afféne ITS Evaluation Resource
Guide, for each area of the National ITS Program goal. The NatimjatPgoal areas include

Safety, Mobility, Travel Time Delay, Travel Time Variabilityagacity/Throughput, Customer

7 www.its.dot.goviTS Evaluation Guidelines
17
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Satisfaction, Productivity and Energy and Environment. Through prioritizafithe 1-91 project
goals and objectives into categories, consistent measures cadlenthe analysis. Table 4.1
aligns the 1-91 project goals and objectives with the National goalsecAsnmended by the

USDOT Evaluation Guidelines, The Project Team should priotiiee@bjectives and categorize

these measures by importance.

18
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Table 4:1 The 1-91 Goals and Objectivegontinued on next page)

National Goals

] ) = - o] <
£ |Ez|32|sg| B &2
> 2 | = —S |82 |Es S |35
E|o>|o8 |83 |8% S | 2=
: L 2| 8|cc |85 |82 (%% | 8 |g¢z
1-91 Project Goals and Objectives | 2 |F0 |F> |0k |00 | & juw
Goal #1 Expand the statewide transportation communications network
Objective  provide a communications backbone for ITS fieldipaent on 1-91 and 1-291 X X X X X X X X
Provide Communications connectivity to MassHighwaag transportation stakeholders X X X
infrastructure
Provide communications system expansion capacityetet the needs of Regional Stakeholdes X
Provide a secure reliable and fault tolerant conipaiions system that minimizes maintenanceX X X X
activities
Goal #2 Improve incident management effectiveness and efficiency
Objective Minimize the impacts of incidents on 1-91 and 1-291 X X X X X
Improve safety at the incident scene X X X
Reduce probability of secondary incidents X X X
Improve traffic operations and highway maintenance effectiveness and
Goal #3 efficiency
Objective Notify District operations of degrading weather ditions or areas requiring roadway treatments x X X X X
Monitor work zones on 1-91 and arterials for traffinpacts X X X X
Provide advanced notifications to motorists of ¢argion and maintenance activities to X X X X
improve workzone safety
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Minimize ITS field equipment maintenance requiretseand activities X X

Goal #4 Provide real time traffic and roadway condition information to motorist

Provide motorists approaching roadside maintenandeconstruction activities with traveler
Objective information

Provide motorists with real time traveler inforneatiregarding road conditions and planned
events

Provide real time information to assist travelersrip planning X X X X X

Goal #5 Improve regional transit operations

Objective Provide transit operators with real time roadwagdition information X X X X
L |

Table 4:1 The 1-91 Goals and Objectives (cont.)
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The recommendations for performance measures are given in Appendixed dStRvaluation

Guidelines and are listed as follows:

Safety: Can be measured by:

1. Reduction in the overall rate of crashes
2. Reduction in the rate of crashes resulting in fatalities

3. Reduction in the rate of crashes resulting in injury

Mobility: Can be measured by:

1. Reduction in travel time delay

2. Reductions in travel time variability

Travel Time Delay: Can be measured by:

1. Recommendations are to utilize the floating car method for adaptifie signal
control systems; however the use of any GPS device or observation nzethod t

evaluate the TT delay can be utilized dependent on the system beingezlaluat

Travel Time Variability: Can be measured by:

1. This measure generally relates to origin destination travel timiésamainly utilized

for freight evaluation. The variability can be computed using standaratidevof

travel time values.

Capacity/ Throughput: Can be measured by:

18 www.its.dot.goviTS Evaluation Guidelines
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1. Increase in throughput or effective capacity.

Customer Satisfaction: Can be measured by:

1. The Difference between users’ expectations and experience in relatiGetgce or

product.

Productivity: Can be measured by:

1. Cost Savings

Energy and the Environment: Can be measured by:

1. Reduction in emissions.

2. Reduction in fuel consumption.

Aligning the specific project goals with a National goal structlioeva for a simple approach to
be used for evaluating ITS projects that span multiple areas and witplengoals and
objectives. The goals and objectives can be evaluated witliispmeeasures relative to the
broader subject area. Some of the goals may not fit within these measumnag,iompact several
areas, requiring alternative measures. Examples of alternatasires can include the
“deployment of an ITS infrastructure required to support ITS functiohFhis can be useful in
the I-91 ITS project, where the establishment of the infrastructuhe ifirst goal which will

enable all subsequent development of the ITS.

www.its.dot.goviTS Evaluation Guidelines
22
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4.2 Hypothesis

Also recommended in the National Guideline, is the development of a “Wieathypothesis for
each objective stating the expected outcome of each objective. Apimadtd evaluation can
also be developed and included within the hypothesis to assess broadandaalbsequent
objectives. Using a multi — tier approach may be useful as ttensys expected to become fully
operational and realize the expected full benefits as the systernmiesrib expand and develop

over time.

The hypotheses stated in the 511 Model Deployment Final Evaluatiomiglandirectly linked
to the project goals and also the National hierarchy. This projedhteasled to expand the 511
system and increase the overall use of this technology utilizing IT8dkegy. The main
objective was to increase and improve usage of the system and the @fuhlitynformation
supplied to the user by providing additional information. The Nationabted area is under
Customer Service. To support this goal area, the hypothesis Btdtdsetadditions or
enhancements to the system will increase customer satisfactiebytiecreasing use of the
system. To measure these affects, the number of users or inputs from pécrEnsewill
increase. The data collection methods for retrieving this informaticlides a focus group,

survey and direct analysis of the data logs containing call infamati

4.3 Data collection methods

% Final, Evaluation Plan Model Deployment of a RegibMulti-Modal 511 Traveler Information System,
Arizona Department of Transportation, Battelle Meiaid nstitute, 2003
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Data collection methods vary by purpose and can include both, numerical indorovatvritten
information, serving as a specific piece of information, in which to coenglégrnatives. There
are many data collection methods; however for the purpose of teachsfrequently used
collection methods and those utilized in the results of the literatarersevill be discussed and

recommended as part of this methodologly.

A qualitative approach can utilize surveys or a listing of speuifigeneral questions that offer an
open ended response collected in a focus group or interview. In the repoWashington

State, ITS Evaluation Framework — Phase 2, a questionnaire or sypeapterview developed
for use on a previous evaluation was then used to evaluate 16 adidiit®paojects to document
technical, management and organizational lessons leZrfibik framework was useful in
providing a general understanding of the project dynamics using a quelitagthod. In the
Wisconsin 190/94 Fiber Backbone evaluation, the measure of effectivererssgstablished

from an operational perspective. The systems that were impacted ioyrastructure
improvement project were categorized by ITS market packagedbragion. Additional
information was also collected concerning institutional issuesofmpearation among
stakeholders, and surrounding the integration of the ITS components as wetiaempent and
financial issues’*Qualitative measures can provide an open ended response, providing details
that may be overlooked when analyzing data solely for functionality of arsy3ike use of a
gualitative approach can offer flexibility in responses and prove estyameful when

evaluating larger interrelated systems with many communication doymedn a multi-phase

22 \www.its.dot.gov/evaluation/equide_resource. ifi8 Evaluation Framework- Phase I, Washington
State Transportation Center, Peter M. Briglia,Jdmme M Kopf, Mark E. Hallenbeck

23190/94 Fiber Backbone Network and Spurs Build- (Ritase 11) Wisconsin Department of
Transportation Final Report and Local Evaluatidd)@
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approach, qualitative measures can also be useful in establishingralgeerview of system
operability, communication, and connectivity as well as providing an open ersp@thse which

may highlight issues or benefits that were not anticipated as asnmifcom the project.

Quantitative data collection methods can include gathering AveragealDaily Traffic
(AADT) counts or volumes, Average Daily Traffic (ADT), speed arsfagice data for vehicles,
crash history and injury specifics or the number of public transportatiersriThese data can
then be measured against target criterion, relating to eachtpyo@or objective. The Fleet
Forward Evaluation Plan outlines specific data collection areasetatthe project goals. To
improve the operational efficiency of motor carriers, by improvingorosr satisfaction,
reducing operating cost, increasing revenues and improving safety from thecaraer
perspective is measured through on-time delivery, fuel consumption, emuiipnd driver
utilization, employee turnover, vehicle maintenance costs and otheifigisdaimethods. Data is
collected and documented as a base case pre-deployfiiaet511 Model Deployment Final
Evaluation Plan also contains specific quantifiable data collection solifeese include
collection of data logs and system usage logs. The criterion isr@asecor decrease in call
volume, usage and percentage of users accessing new and enhanced systiesapaisr
guantifiable data can include travel time or delay data, craslindatenation on primary and
secondary crashes, current incident response time and weather refadeded¢sne as well as

transit ridership.

Travel time can be collected with the use of a “floating car” or aaréme speed”. To utilize the
“floating car” method, a driver will travel at the speed in which th#it seems to be moving,

passing the same number of vehicles as the vehicle experiences. Iretiagéaspeed” method,

% Strategic Plan for the FleetForward EvaluatiormBedge Systematics in association with SAIC, 1999
25
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the driver travels at the same speed as the traffic. Both methods tralet time > Another
method is to utilize a GPS unit to collect time and space data whitherabe derived for the
output data. Travel time data is an imperative data set to collecteaslire against in an

evaluation of ITS.

4.4 Summary of Evaluation Methodology

An evaluation methodology for large ITS infrastructure projects ghatilize a combination of
categorical assignment utilizing either the recommended natioriedigaes or ITS market
packages and project specific measures of effectiveness andilfigosdterion. A multi-tiered
approach would be effective in establishing a broad approach to evahjetd goals that are
unable to be deployed until further development of the project to provide ateahsneasure for
transference of information and documentation. Hypotheses should be elisandsagreed by
the project team, to align the expected project outcomes, and proeids afldetail and priority
for project goals. The specific criterion and projected measarebedrilled down into a

comprehensive multi-tiered multi-phased approach.

% Fundamentals of Intelligent Transportation Syst@fasning, Mashrur A Chowdhury and Adel Sadek
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CHAPTER 5

CASE STUDY: SUGGESTED I-91 EVALUTION FRAMEWORK DETAILS

The I-91 ITS project goals can be categorized into the Nationagdats allowing utilization of
the suggested measures of effectiveness from the National guidelpeshébes are suggested
in this research for each objective for consideration by thed®ibgam. It is imperative that the
existing conditions and current level of infrastructure such as highaametry, current ITS
applications, communication systems and protocol, travel time, AADT, &igilfemission levels

are documented prior to construction and final deployment.

The 1-91 project is currently under construction and is being built in a dyraavikonment both
operationally and functionally. Recent legislation was passed by the Comaitimafe
Massachusetts enabling extended leasing allowance for thebéevdilteer optic cable that is part
of this project. The impact of this recent legislative chasgee ability for a private entity to
invest in the additional fiber infrastructure to bring broadband to theéeWidglassachusetts area,
as long term economies of scale can now be realized. The RWIS and 511 dystewes t
expected to play a role in disseminating traveler information wilMaélable later in the project
lifecycle as the technological advancements continue to be deployetegrdted into the larger
ITS state wide infrastructure. The suggested hypotheses, datargathethods, measures of
effectiveness and criterion are based on available resourt¢easstiee 1-91 ITS Project, Design
Build RFQ/P Procurement, Concept of Operations Report, changes to thalgrigject design

have been made as the project moves forward.
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5.1 Expand the statewide transportation communications network

5.1.1 Provide a communications backbone for ITS field equipment on 1-91 and 1-291

Hypothesis: The construction and establishment of a communication backbasd®wifor a
dedicated high speed transmissions for the ITS field equipment to the BAMBOC. This will
allow for traffic and weather information to be processed and dissenhimateiding feedback

for travelers along 1-91 and 1-291 to reduce traffic variability.

Pre-deployment: A comprehensive inventory and qualitative evaluation airtfeacITS field

equipment within the 1-91, 1-291 area should be conducted and documented.

Measure of effectiveness: The completed construction and estabiisbias ITS and
communication network along 1-91 and 1-291 should be the measure of effectii@rbss

goal.

Post-deployment: Successful transmission between the 1-91 and |- 291ldT&tigpment and

the TOC and DTOC should be measured through successful transmissiontexgstion of the
existing or pre-deployment ITS equipment with the newly installed ITS fielghegurit which

will operate on the 1-291 and 1-91 backbone, should also be documented. Computer methods to
evaluate pass/fail transmission records should be establishetbpieployment in order to

provide a benchmark for the post-deployment analysis.

Analytical Technique: Qualitative analysis, documenting the eshabént of the communication

network and completed construction of the fiber optic backbone along 1-91 and TH281.
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success rate of transmission logs between ITS field equipment and TM@ bhaldcumented,;

integration with existing ITS equipment should also be documented.

Criteria;

¢ The completed construction and operability of the fiber optic backbone with DR@C a
TOC links.
e Successful transmission between existing ITS field components, mestdyied ITS field

components and the DTOC and TOC.

5.1.2 Provide communications connectivity to MassHighway and transportation

stakeholders’ infrastructure

Hypothesis: The establishment of a communication fiber optic backbamerketill allow for a
secure, safe and speedy communication backbone in which critical itiftorraad traffic related

data can be transferred among transportation stakeholders witfitegien and State.

Pre-deployment: A comprehensive inventory and qualitative evaluation afrttemicstatus of
the transportation communication network, communication protocol and IT Satjpli within
the 1-91, 1-291 area should be documented including current methods to evaludad pass

transmissions.

Measure of Effectiveness: The completed construction and estabtisbha ITS and
communication network along 1-91 and 1-291 should be the primary measure @t effess for
this goal. A secondary measure should be the increased level of commuaracating

transportation stakeholders.
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Post-Deployment: Measurement through the evaluation of transmissidrelivgsen entities.
Successful transmission of information, and transferred data beMassHighway, DTOC and
TOC and other identified transportation stakeholders will provide tiaefoiameasuring the
effectiveness. Computer methods to evaluate pass/fail trairmmissords should be established
prior to deployment in order to provide a benchmark for this post-deploymensianaly

Documentation of communication protocol with changes should also be esdblish

Analytical technique: Qualitative analysis, documenting the egtafdist of the communication
network and completed construction of the fiber optic backbone along 1-91 and TH281.
success rate of transmission logs should be documented; however the bemshynagkclose to
zero transmissions due to the current communication, attention to trailmsnisie should also
be considered. Surveys of the TOC employees in District 2, MassHigindan other areas of
operations related to field equipment, and other transportation stakeholdaisaigoyprovide
qualitative information on the functionality of the communication system aneftéctiveness of

the communication.

Criteria;

e The completed construction and operability of the fiber optic backbone with DR@C a
TOC links.

e Improvement in the level of communication of the transportation stakebolde

5.1.3 Provide communications system expansion capacity to meet the needs of Regional

Stakeholders
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Hypothesis: The establishment of a communication fiber optic backbomerketith increased
capabilities and expansion capacity will provide critical IT®nmation and traffic related data

to reach a wider audience and meet the needs of Regional stakeholders.

Pre-deployment: A comprehensive inventory and qualitative evaluation afrttemicstatus of
the transportation communication network, communication protocol antchgxisfrastructure,
as well as customer satisfaction with the current traveler comationicsystem within Western

Massachusetts Region.

Measure of Effectiveness: The completed construction and estabtisbhan ITS and
communication network along 1-91 and 1-291 should be the primary measure @t effess for
this goal. A secondary measure should be the increased level of commuaracating regional

stakeholders

Post-Deployment: Measurement through the evaluation of transmission tagebentities.
Successful transmission of information, and transferred data dret@gional stakeholders will
provide the data for measuring the effectiveness. Additionally, ssinfaggional stakeholders
impacted by this communication infrastructure should be conducted to evidleatustomer

satisfaction.

Analytical Technique: Qualitative analysis, documenting the estatist of the
communication network and completed construction of the fiber optic backlmmgele81 and I-
291 and the customer satisfaction of the increased capacity for infamrebharing among

regional stakeholders.

Criteria;
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e The completed construction and operability of the fiber optic backbone with IRGC
TOC links.

o Improvement in the level of communication of the regional stakeholders

e Increased customer satisfaction regarding the level of commumicagources available

to Regional Stakeholders.

5.1.4 Provide a secure reliable and fault tolerant communications system timaizesni

maintenance activities

Hypothesis: The construction and deployment of a dedicated fiber agkbdne for ITS
transmissions and communications will provide a secure, safelailed communication

backbone that will minimize maintenance and repair activity.

Pre-deployment: A comprehensive inventory and qualitative evaluation airttemicstatus of
the ITS field equipment, TMC and transportation communication networkwvtrthil-91, 1-291
area should be documented including current level of pass/fail tra@nsisnd maintenance
activity. A database of current maintenance and repair recortiEBS@quipment currently

operating should be documented.

Measure of Effectiveness: The consistent, secure and reliaienissions of ITS related data
between the field equipment and DTOC and TOC along I1-91 and 1-291 should berthaey pri
measure of effectiveness for this goal. A secondary measure shahéldexrease in

maintenance and repairs of ITS equipment per component.
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Post-Deployment: Quantitative data should be gathered on pass/fail gsiosnand
maintenance activities on ITS field equipment, DTOC, TOC and transpartammunication
network. A per component cost should be calculated to assess the cesifihkisystem
components. Maintenance and repairs of the equipment may not be required fomsgme
however establishing a pre-deployment per component cost should provide a bkriohmar

compare for similar equipment.

Analytical Technique: Quantitative analysis of the per componentvahst of the ITS field
equipment, and the DTOC and TOC components documented in the database féeords.
success rate of transmission logs should be documented; attention taéssarstime should

also be considered.

Criteria;

e The reduction in per component cost/value.
e The number of successful, secure transmissions between IT Sqfigteireent and DTOC
and TOC.

¢ Reduction in overall maintenance of ITS components, including DTOC and TOC.

5.2 Improve incident management effectiveness and efficiency

5.2.1 Minimize the impacts of incidents on I-91 and 1-291

Hypothesis: With strategically placed CCTV and VMS signs along the i®1-291 corridors,
traffic impacts will be minimized by obtaining, processing and conveyindentinformation

quickly to necessary response personnel.
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Pre-deployment: Current notification, response time, and other infornaatidlable on incidents
should be gathered from State Police, EMT and Local Police. Averagktins@long these
two corridors can also be gathered through the use of a Global Positioning 88818) during
average travel conditions, frequently to capture incident traveldsnwell. A survey of users,
could obtain customer satisfaction and perceptions of current incidengenagiat and the

perceived affects on travel time.

Measure of Effectiveness: The primary measure of effectivémasdecrease in response time of
necessary response personnel to incidents along the 1-91 and 1291 corridomdasemeasure

is a decrease in the variance of travel time along these corridors.

Post-deployment: Evaluation of average daily travel time along the I-9t2&idcorridor in

order to capture travel time fluctuations which may be the result of @emgccorrelation of
incidents with travel time data would provide a comparison. Responseotinmedents should be
gathered from State Police, EMT and Local Police. Follow up surveys on ensatisfaction
should be conducted on users of the system to include perceptions on incident management

affects on travel time.

Analytical Technique: Quantitative evaluation of travel time aldwegcbrridors using generally
accepted statistical methods including t tests, F tests, and chi stpsigsed\ survey of users

could also provide gqualitative customer satisfaction information.

Criteria;

e Reduction in response time for incident.
e Decrease in average travel time fluctuations.

¢ Increase in customer satisfaction relating to travel time flucngst
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5.2.2 Improve safety at the incident scene

Hypothesis: With strategically placed CCTV and VMS signs, along the 1-91-29 ¢orridor,
traffic safety at incidents can be improved by providing advance warnthglgernate route
guidance as well as increasing the efficiency in incident detection andjemasat of incidents

through early detection.

Pre-deployment: Current site reports of incident response and managbemddtbe gathered
from State Police, EMT and Local Police. A review of crash reports antepgotis, along 1-91

and 1-291 should be conducted, with specific focus on safety at the scene ofl@ntinc

Measure of Effectiveness: The primary measure of effectivésasgdecrease in secondary

incidents and overall improvement in safety at incidents, along the 1-912&1idderridors.

Post-deployment: Quantitative evaluation and review of crash repamts 1291 and 1-291 should

be conducted, with specific focus on secondary incidents.

Analytical Technique: A quantitative evaluation of safety relabeasures during incident
management should be conducted. Percentages of occurrence of secoidtarisinnd safety

incidents should be calculated.

Criteria;

e Reduction in secondary incidents, reduction in severity.

¢ Increase in overall safety during incident management.

5.2.3 Reduce probability of secondary incidents
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Hypothesis: With strategically placed CCTV and VMS signs, along the 1-91-29 ¢orridor,
secondary incidents can be decreased by providing advance warning and attateajeidance
as well as increasing the efficiency in incident detection and managefriacidents through

early detection.

Pre-deployment: A review of crash reports along I-91 and 1-291 should be conducted, with
specific focus on secondary incidents. Statistical probability shouldddatad on current

traffic volumes using historic data on secondary incidents from the crasmdateparts.

Measure of Effectiveness: The primary measure of effectivésasgdecrease in the number of

secondary incidents, along the 1-91 and 1-291 corridors.

Post-deployment: A review of crash reports along 1-91 and 1-291 should be conducted, with
specific focus on secondary incidents. Statistical probability shoulddsa@ated on traffic

volumes using historic data on secondary incidents from the crash data arsl report

Analytical Technique: A quantitative evaluation of secondary crasthmsdd be conducted using
generally accepted statistical methods such as the Bernoullhdiigin, F tests, and chi squared

tests.

Criteria;

¢ Reduction in secondary incidents or accident occurrence.
e Reduction in severity.

e Decrease in probability of secondary incidents.

5.3 Improve traffic operations and highway maintenance effectiveness anenefyi
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5.3.1 Notify District operations of degrading weather conditions or areas requiring

roadway treatments

Hypothesis: Through the video feed from cameras along 1-91 and 1-291, and Visiesskege
Signs (VMS) can relate timely weather warnings and notificatithe®TOC and TOC, for use

by MassHighway personnel to maintain the roadway maintaining safefamenttravel.

Pre-deployment: Weather maintenance and response logs should be evallsssfbghway
personnel to document current response time for weather treatments.dbtation of existing
weather maintenance applications and quantity would provide a benchmasknfmareson on
seasonal use. A complete documentation listing of pre-deployment pristoodbrmation
sharing of weather data should be documented. Travel time duringtiltenveather conditions
such as winter weather including snow, ice, etc. should be documented. A surgeysafould
also be conducted to gather information on customer satisfactionirggaraintenance of the

roadway and sharing of weather related information.

Measure of effectiveness: The primary measure of effectivashessd be the decrease in
communication time for weather related information from the roadway toTeCCand TOC. A
secondary measure would be a reduction in the amount or cost of applicatiestioémw
maintenance materials as the efficiency of early notification izeea An additional measure
would be a reduction in weather related crashes as well as an anpralément in customer

satisfaction of roadway maintenance and sharing of weather information.

Post-deployment: Weather maintenance and response logs post-deployment shallchbedev
for response time of weather related treatments. Documentation of argestia weather
maintenance applications and protocol of information sharing for weaatbemnation with

particular focus on changes in application amounts. Travel time duringgdite weather
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conditions such as winter weather, including snow, ice, etc. should be docurdestiedey of
users should also be conducted to gather information on customer satistgdiaing

maintenance of the roadway and sharing of weather related information.

Analytical Technique: A quantitative evaluation of communicatimm® tshould be conducted for
weather related information and application as well as application amégrasesult of

efficient and timely weather response, a statistically sigmficeduction in weather related
crashes may be realized. Qualitative data can be collected thrangunseys of the system for

customer satisfaction.

Criteria;

¢ Reduction in weather related incidents.

o Decrease in response time for weather related maintenance.

e Increased customer satisfaction on the maintenance of the roadway.

e Decrease in the application amounts used for weather maintenanceuals af esarly

detection and intervention.

5.3.2 Monitor work zones on 1-91 and arterials for traffic impacts

Hypothesis: The TOC and DTOC can utilize video fdenism cameras along 1-91 and 1-291 to
update VMS for use by MassHighway personnel on work zones and arterialsrtozaitraffic

impacts and continue to adhere to the 12 minute’tule.

Pre-deployment: AADT should be documented along the 1-91 and 1-291 corridor as tlell as

on/off ramps that provide users alternative routes to 1-91 and I-291. Tiraeedlong the corridor

% MassHighway, Engineering Directive, Measures tmitMotorist Travel Delays Through Construction
Work Zones, June 2, 2003
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should be collected via GPS. A survey of existing users of the 1-91, 1-291 cofraldd e

considered to establish current travel behavior and customer daiisfac

Measure of effectiveness: The primary measure of effectivémassecrease in travel time

around work zones.

Post-deployment: AADT should be collected at identified work zone pataxd locations in pre-
deployment, documented along the 1-91 and 1-291 corridor as well as ramps that proade use
alternative routes to 1-91 and 1-291. Travel time data should be eallating the corridors via

GPS. A survey of users should be conducted to obtain customer satisfaction dat

Analytical Technique: Quantitative evaluation of a decrease inl tieneand work zone impacts
should be calculated. Qualitative evaluation utilizing surveys on custatrsfastion should

also be conducted.

Criteria;

e Reduction in travel time around work zones.
e [ncrease in customer satisfaction.

e Increase in alternative route traffic volumes when associated withzenes.

5.3.3 Provide advanced notifications to motorists of construction and maintenance

activities to improve work zone safety

Hypothesis: Providing advanced notification of work zones and alternativectmite for
travelers along the corridor when confronted with work zones or mainteneificiecrease

travel time variability and delay along the corridors and impmerk zone safety.
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Pre-deployment: Travel time along the corridor should be collected \8a @Rurvey of
existing users of the 1-91, 1-291 corridor should be considered to establishtduawel behavior
and route choice. Information on work zones will be disseminated via the 51rhsyste
SmarTraveler, Regional Traveler Information Center (RTI)site or notification on the VMS
system. Website traffic counts or website volume, should be ebtbbs a basis for analysis,
the 511 system has currently not been deployed for the Western Massadteggietts but future
consideration should be given to measure access volume on the 511 syseshiaelark zone

traffic impacts.

Measure of effectiveness: The primary measure of effectivémasdecrease in travel time
around work zones. A secondary measure is an increase in informatiesestoa the 511
system, SmarTraveler and the RTIC website and lastly changes tahouge and travel

behavior given prior notification of workzone information through these seurce

Post-deployment: AADT should be collected at identified locations ingegbyment,
documented along the 1-91 and I-291 corridor at key decision points as wel@sthat provide
users alternative routes to 1-91 and 1-291. Travel time should again be mesdsuarethe
corridors via GPS. A survey of users, identifying any changes to traalibelwith prior
notification of work zones should be conducted and customer satisfaction iforfmeaition
dissemination. Website volume for RTIC should be collected and futuessadata from 511

systems should also be collected when available.

Analytical Technique: A qualitative evaluation of user travel bemashould be conducted,
identifying travel behaviors relative to route choice, when giveificaiton of work zones.
Quantitative evaluation of a decrease in travel time, changes inclmite and other work zone

impacts such as workzone safety or delay should be calculated. WehSiteydtume counts
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should be compared to pre-deployment volumes on the RTIC website, SmarTraddher ahl

system.

Criteria;

e Reduction in travel time around work zones.
e Increase in RTIC website traffic.
e |ncrease in customer satisfaction.

e Increase in alternative route traffic volumes when associatbdweitk zones.

5.3.4 Minimize ITS field equipment maintenance requirements and activities

Hypothesis: The construction and deployment of the ITS field equipment guiredimited

maintenance and repair increasing the value to cost ratio.

Pre-deployment: A comprehensive inventory and qualitative evaluation afrttemicstatus of
the ITS field equipment should be documented including maintenance andeepeds per ITS

equipment currently operating should be documented.

Measure of Effectiveness: The measure of effectiveness shouldebeeask in maintenance and

repairs of ITS equipment per component.

Post-Deployment: Quantitative data should be gathered on maintenandeeadiviTS field
equipment. A per component cost should be calculated to assess the cosftAvedigystem

components. Maintenance and repairs of the equipment may not be required fomsme
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however establishing a pre-deployment per component cost should provide a bkriehmar

compare for similar equipment.

Analytical Technique: Quantitative analysis of the per componernitahst of the ITS field

equipment.

Criteria;

e The reduction in per component cost/value.

¢ Reduction in overall maintenance of ITS components.

5.4 Provide real time traffic and roadway condition information to motorist

5.4.1 Provide motorists approaching roadside maintenance and construction activities

with traveler information

Hypothesis: Providing real time traffic and roadway condition infonattirough the use of
VMS, 511 Information systems and critical traffic information to thé@RWill decrease travel

time along congested corridors and influence travel behavior through taltemoaute choice.

Pre-deployment: Travel time along the corridor should be collected \Ba @Rurvey of

existing users of the 1-91, 1-291 corridor should be considered to establishtduawel behavior.
Traffic information will be disseminated via the 511 systems, R¥iéBsite, SmarTraveler or
notification on the VMS system. Website traffic counts or websiteénve] should be established
as a base for analysis, the 511 system has currently not been depldiedRegion, but future
consideration should be given to measure volume on the 511 system related to warkfzone
impacts. ADT volumes on ramps along 1-91 and 291 should be documented to establish base
travel data.
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Measure of effectiveness: The primary measure of effectivémasdecrease in travel time
around construction or maintenance activities. A secondary measur@dcsease in information
access to the RTIC website, SmarTraveler or 511 systems waidatbée, and lastly changes to

route choice and travel behavior given prior notification.

Post-deployment: AADT should be collected at identified locations ini@piyment,
documented along the 1-91 and I-291 corridor as well as ramps that provide useasiadte
routes. Travel time should again be measured along the corridors via GP&eyYdwsers,
identifying any changes to travel behavior with prior notification of can8tn or maintenance
activities should be conducted. Website volume for RTIC and SmarTraheleld be collected

and future data from 511 should also be collected when available.

Analytical Technique: A qualitative evaluation of user travel bemashould be conducted,
identifying travel behaviors when given notification of work zones alorggetherridors.
Quantitative evaluation of a decrease in travel time and traviabildy associated with
construction or maintenance activities should be calculated. Welsitie, tolume counts

should be compared to pre-deployment volumes on the ARTC website.

Criteria;

e Reduction in travel time around construction and maintenance activities
e [ncrease in RTIC and SmarTraveler website traffic.
e Increase in customer satisfaction.

e Increase in alternative route traffic volumes when associated withzenes.

5.4.2 Provide motorists with real time traveler information regarding roadtmorgdand

planned events
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Hypothesis: Providing real time traveler information regardoagl conditions and planned
events through the use of Variable Message Signs (VMS), 511 system andrRITIC
SmarTravelewill decrease travel time along congested corridors and influesnged trehavior

through alternative route choice.

Pre-deployment: Travel time along the corridor should be collected \Ba @GRurvey of
existing users of the 1-91, 1-291 corridor should be considered to establishtduawel behavior.
Traffic information will be disseminated via the 511 system, Snaaeler and the RTIC website
or notification on the VMS system. Website traffic counts or wehsitume, should be
established as a base for analysis, the 511 system has currently not begddepthis Region,
but future consideration should be given to measure volume on the 511 systennioehaisk
zone traffic impacts. ADT volumes on ramps along 1-91 and 291 should be documented to

establish base travel data.

Measure of effectiveness: The primary measure of effectivémasdecrease in travel time
surround road conditions and planned events. A secondary measure is an incréaseation
access to the RTIC and SmarTraveler website, 511 systems wdikblavand lastly changes to

route choice and travel behavior given prior notification.

Post-deployment: AADT should be collected at identified locations ini@piyment,
documented along the 1-91 and [-291 corridor as well as ramps that provide useasiadte
routes. Travel time should again be measured along the corridors via GR&eyd users,
identifying any changes to travel behavior with prior notification of adlitions and planned
events should be conducted. Website volume for RTIC, SmarTraveler shooltebted and

future data from 511 should also be collected when available.
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Analytical Technique: A qualitative evaluation of user travel betahould be conducted,
identifying travel behaviors when given notification of road conditions &rthpd events.
Quantitative evaluation of a decrease in travel time and traxiabildy associated with road
conditions and planned events should be calculated. Website, traffic volume courttdshoul

compared to pre-deployment volumes on the RTIC and SmarTraveler website

Criteria;

e Reduction in travel time surrounding road maintenance and planned events.
e Increase in ARTC website traffic.
e Increase in customer satisfaction.

e |ncrease in alternative route traffic volumes when associated withzones.

5.4.3 Provide real time information to assist travelers in trip planning

Hypothesis: Providing real time information via RTIC, SmarTravete¢he 511 system to assist
travelers in trip planning, will decrease travel time along cordestrridors and increase

customer satisfaction.

Pre-deployment: A survey of existing users of the 1-91 and I-291 corridors $featthducted
to evaluate pre-deployment customer satisfaction with current tripipresources. Website
traffic counts or website volume should be documented for the RTIC and @wealer website.
The 511 system has currently not been deployed for this Region, but future aifmsiderould
be given to measure volume on the 511 system. Travel time along both corridor&RSing

should also be gathered.

Measure of effectiveness: The primary measure of effectisés@s increase in customer

satisfaction in trip planning given real time traffic informationsécondary measure is an
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increase in information access to the RTIC and SmarTraveler eelpsitlastly changes to route

choice and finally a reduction in overall travel time.

Post-deployment: A survey post deployment of users should be conducted to eedtoater
satisfaction with real time traffic resources for trip planningb¥gite traffic counts, or website
volume, should be documented for the RTIC and SmarTraveler websté1TItsystem has
currently not been deployed for this Region, but future consideration shoukkbeg@imeasure

volume on the 511 system. Travel time along both corridors, using GPS should also bel.gathere

Analytical Technique: Quantitative evaluation of a decrease inl tieneand travel variability.
Website, traffic volume counts should be compared to pre-deployment volumes oriliie AR

website. Qualitative survey of users’ customer satisfaction.

Criteria;

e Reduction in average travel time variability due to prior notiforati
e Increase in RTIC website traffic.

e Increase in customer satisfaction.

5.5 Improve regional transit operations

5.5.1 Provide transit operators with real time roadway conditions information

Hypothesis: By providing information to transit operators on real time r@adwd traffic
conditions, travelers can be notified and make informed route choice or nggitemite

deviations to maintain consistent and timely operations.
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Pre-deployment: The existing routes and current level of ITS commumisatnd technology
should be documented for the Pioneer Valley Transit Authority (PVTA)wih&vel along the I-
91 and I-291 corridor and may be impacted by this technology. Travel time for stiagexbutes
and service should also be documented as well as travel time relateid¢ots or events. This
data can be collected using GPS units and correlated with events ontsci8erveys should be
conducted on riders and bus driver’s satisfaction of PVTA services/estaton time

performance.

Measure of effectiveness: Improvements to the on-time performance aall owstomer

satisfaction of the PVTA service along affected 1-91 and 1-291 corridors.

Post-deployment: Data collection of travel time can be collectéd@®®S units and correlation
with events or incidents should be noted, for existing routes. Surveys shadddeted

collecting information regarding customer satisfaction and drivesfaetion.

Analytical Technique: Qualitative data can be collected using gsinfepassengers and transit
operators. Travel time, on time performance and variability can bgzadadgainst the pre-

deployment levels.

Criteria;

e Increase in customer satisfaction of passengers.
o Positive feedback from PVTA drivers on receiving information.

¢ Increase in on-time performance during events or incidents along 1-291 col@%.r

5.6 Summary
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There are many project goals and objectives for the I-91 ITS Infcaste project. This chapter
contains a suggested methodology for an evaluation, utilizing data aolleatithods specific to
each objective and offers criteria to evaluate the I-91 ITfegrbased on suggested measures of
effectiveness. In order to provide a statistically sound evalutdtgsa are a required number of
samples. The minimum number of test runs, for travel time, caoube using the following

equation:

0.2
N = (t« xa)

Where

N = Sample size;

o = Standard deviation;

t«= value oft distribution with confidence level of (&/2)
And degrees of freedon{1)

d = limit of permitted error in speed estimate;

« = significance leveF’

The 1-91 and 291 corridors carry approximately 92,800 vehicles (N of 1-291) and 734,434
vehicles (West of St. James Ave) in AADT respectivé#.potential concern is how to access
these users in order to obtain the data. A possible solution would be tfyidege employment
locations or businesses, along these corridors. These workers and esnplayde able to

provide access to the necessary volume of users required for a stigtsbicad sample size and

2" Fundamentals of Intelligent Transportation Syst@tasining, Mashrur A Chowdhury and Adel Sadek

28 \www.mhd.state.ma.usMassachusetts Highway Department
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may also rely on alternative routes along these corridors. Care shailedbé¢o be certain and

obtain a statistically sound sample size.

Each of the objectives contain pre and post deployment data requiremeststoths impacts of
the ITS improvements. Many of these data requirements can be colleatétdrsimusly for
multiple purposes. Table 5.1 lists the data collection methods and thepooidang objectives
that correspond to each method. The data collection method of a survey fptegxam be
designed to obtain information on a number of objectives if the areas havielbetfied early

enough in the evaluation process.
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Table 5:1 Data Collection Methods with Goals (continued on next page)

Data Collection Methods

0 s |2 2
2| 58| ¢| 8| 28 |®s¢ |9 |°4 & ®
2| 85| o S| o84l %8s £| £5/ 29 g B
? 29 | G| 228 z9 o| 85|38 Z| <
S s O - © 59— S 0 é c - i - (]
. . 5 nE | F| 6| 2K h 3 S |p9q o =3
I-91 Project Goals and Objectives @ R E
Expand the statewide transportation
Goal #1 communications network
Objective  proyide a communications backbone for ITS fieldipoent X X
on 1-91 and 1-291
Provide Communications connectivity to MassHighwaag X X
transportation stakeholders infrastructure
Provide communications system expansion capacityeet X X X
the needs of Regional Stakeholders
Provide a secure reliable and fault tolerant conigations X X X
system that minimizes maintenance activities
Improve incident management effectiveness ani
Goal #2 efficiency
Objective Minimize the impacts of incidents on I-91 and I-291 X X X
Improve safety at the incident scene X X
Reduce probability of secondary incidents X X
Improve traffic operations and highway
Goal #3 maintenance effectiveness and efficiency
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Notify District operations of degrading weather diions or X X X
Objective areas requiring roadway treatments

Monitor work zones on 1-91 and arterials for traffinpacts X X X

Provide advanced notifications to motorists of ¢artion X X X X
and maintenance activities to improve workzonetygaf

Minimize ITS field equipment maintenance requiretseand X
activities

Provide real time traffic and roadway condition
Goal #4 information to motorist

Provide motorists approaching roadside maintenande X X X X
Objective  construction activities with traveler information

Provide motorists with real time traveler infornoati X X X X

regarding road conditions and planned events

Provide real time information to assist travelersrip X X X X

planning

Goal #5 Improve regional transit operations

Provide transit operators with real time roadwagdition X X X
Objective information

Table 5:1 Data Collection Methods with Goals (cont.)
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CHAPTER 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

ITS applications and systems use technologies to improve the functiaiahty transportation
network. Through the use of these technologies, the constrained trainspotavork can be
enhanced, solving challenging transportation engineering issues. €&t gnaluations should
be conducted to increase the use of these technologies by bringing astwehedenefits and
limitations. Institutional and financial issues often make it diffitméonduct a complete
evaluation of these projects. The methodology provided in this ceseam serve as a model to

be used for ITS infrastructure projects.

Developing a methodology, requires a combined effort of, reviewistfrey practice in ITS
evaluation, categorizing the goals and objectives into a hierarchg, National goal areas,
hypothesizing specific outcomes for each objective, establishing pre ardhpsbllection
requirements to analyze how well the project has met the intendexivelj@nd establishing

criterion for these measures.

The recommended data collection techniques for both pre and post deplosgramhenarized
in Table 6.1, in addition to the corresponding measures of effectivenéssiteria. Through
early identification of these requirements, pre deployment, datiaeceollected to begin an
existing conditions evaluation of this phase in the project life ¢godwaluate the existing

conditions and future conditions effectively.
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Table 6.1 The 1-91 Suggested Evaluation Framework (continued on next page)

Objective and Goals Measure of Effectiveness Data Collection Method Criteria
Expand the statewide transportation communicationsietwork
Provide a communications Built structure with connectivityy Comprehensive inventory of | Successful

backbone for ITS field
equipment on 1-91 and 1-291

all existing ITS equipment

transmission
between field

System logs equipment and
TMC and TOC
Provide Communications Built structure with connectivityy Comprehensive inventory Successful

connectivity to MassHighway
and transportation stakeholders|
infrastructure

Communication between
stakeholders

System logs

Communication protocol
changes

transmission
between TMC
and stakeholders

Improved level
of
communication

Provide communications systen
expansion capacity to meet the
needs of Regional Stakeholders

Built structure with connectivity

Communication between
stakeholders

System logs

Survey of stakeholders

Improved level
of
communication

Increased
stakeholder
satisfaction of
expansion
resources

Provide a secure reliable and
fault tolerant communications
system that minimizes
maintenance activities

Built secure and fault reliable
structure with connectivity

Comprehensive inventory of
equipment and per compone
expense

System logs

Maintenance records

Comparison of
ntPre-deployment
and Post-
deployment per
component cost

Reduction in
overall
maintenance

Improve incident management effectiveness and effancy

Minimize the impacts of
incidents on 1-91 and 1-291

Response time of necessary
personnel

Travel time variability

Customer satisfaction

Average travel time using
GPS

Survey of users/travelers

Incident response log time of
personnel

Reduction in
response time fo
incident

Decrease in
average travel
time fluctuations

Increase in
customer
satisfaction

Improve safety at the incident
scene

Increase in safety at incidents

Site reports coiffients

Review of crash and police
logs regarding safety issues
scene

Reduction in
secondary
incidents/
mseverity

Increase in safety
at incidents
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Table 6.1 The | The 1-91 Suggested Evaluation Framework (cont.)

Reduce probability of secondary Decrease number of secondary Crash reports Reduction in
incidents incidents . . secondary
Review of police logs o
; - incidents/
regarding secondary incidents severity
Decrease in
probability of
secondary
incidents
Improve traffic operations and highway maintenanceeffectiveness and efficiency
Notify District operations of Communication time for Operations logs Reduction in
degrading weather conditions of operation treatment . weather related
areas requiring roadway . Focus group for operations incidents
treatments Quantity of weather related staff
treatment . . Increased
Travel time using GPS customer

Number of weather related
crashes

Customer satisfaction of
information sharing

Evaluation of crash reports

satisfaction on
maintenance of
roadways

Decrease in
treatments or
weather
application

Monitor work zones on 1-91 and
arterials for traffic impacts

Travel time around work zones

Website volumes on RTIC,
SmarTraveler and future 511
system

Changes to route choice

Travel time using GPS
Survey of users
Website traffic hits
ADT of on/off ramps

AADT of alternative routes

Reduction in
travel time
around work
zones

Increase in
RTIC,
SmarTraveler
and 511 system

Increase in
customer
satisfaction

Increase in
alternative route
volume

Provide advanced notifications {
motorists of construction and
maintenance activities to
improve workzone safety

oUse of online travel notification
use

Use of 511 system

Customer Satisfaction

511 system logs

Online traffic counter for
RTIC, SmarTraveler

Survey of Users/Travelers
ADT of on/off ramps

AADT of alternative routes

Increase in
RTIC,
SmarTraveler
and 511 system

Increase in
customer
satisfaction

Increase in
alternative route
volume

Minimize ITS field equipment
maintenance requirements and
activities

Maintenance and repair per IT
field and office component

5 Comprehensive inventory of
equipment and per compone
expense

System logs

Maintenance records

Comparison of
ntPre-deployment
and Post-
deployment per
component cost

Reduction in
overall

maintenance
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Table 6.1 The | The I-91 Suggested Evaluation Framework (cont)

Provide real time traffic and roadway condition information to motorist

Provide motorists approaching | Travel time around construction Travel time using GPS Reduction in

roadside maintenance and activities S ¢ f | travel time
construction activities with urvey or focus group or usefs

: ; Website volumes on RTIC of the system Increase in
traveler information ’
SmarTraveler and future 511 Website traffic hit RTIC,
system ebsite traffic hits SmarTraveler
. and 511 system
Changes to route choice ADT of on/off ramps y
AADT of alternative routes Increase in
customer

satisfaction

Increase in
alternative route
volume
Provide motorists with real time| Travel time around road Travel time using GPS Reduction in
traveler information regarding | conditions and planned events | travel time

Survey or focus group of users,

road conditions and planned surrounding road

e e o Gy | o e e
i ic hi lanned events
system Website traffic hits p
. Increase in
Changes to route choice ADT of on/off ramps RTIC
AADT of alternative routes | SmarTraveler
and 511 system
Increase in
customer
satisfaction
Increase in
alternative route
volume
Provide real time information to| Travel time variability Travel time using GPS Reduction in
assist travelers in trip plannin . travel time
PP 9 Website volumes on RTIC, Survey or focus group of use 'SVariabili
ariability
SmarTraveler and future 511 | of the system
system . . Increase in
y Website traffic hits RTIC
Changes to route choice -
g ADT of on/off ramps SmarTraveler

) and 511 system
AADT of alternative routes
Increase in

customer
satisfaction

Increase in
alternative route
volume

Improve regional transit operations

Provide transit operators with | On-time performance Survey or focus group of usefsincrease in

real time roadway condition and bus drivers customer

Customer satisfaction

information . . satisfaction
. . . Travel time for Routes in the
Driver satisfaction 1-91 and 1-291 corridors Positive
feedback of bus
drivers

Increase in on-
time
performance of
routes
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As this project continues along its life cycle, pre deployment dataavitinue to become
unavailable. The following recommendations should be considered by the I-8&tHegam as a

next step in the evaluation process as they move towards development ofuati&@v&llan:

Inventory and document all of the communication protocol, emergency management

processes, weather response process and existing technology.

e |dentify pre deployment data sources such as the Pioneer Valley PlanningsSmmm
Pioneer Valley Transit Authority and other existing data from Municipaldnd
MassHighway.

¢ Identify potential data gathering methods that would be of low cost.

¢ Identify potential users, riders or travelers along the 1-91 and 298i@arthat could
provide a source for survey data. Large employment generators suchstadBiledical
Hospital, University of Massachusetts, Home Depot or other retaileamide industries
along these corridors may provide a large data pool for user feedback.

o Review the suggested hypothesis, measures and criterion in this case study.

o A multi-phased approach should be established as part of the evaluation-81 tHeS|

evaluation to assign priority to the objectives and identify the higinesity.

This research and case study can be used towards the development ofiatidBvlan as
outlined in the six step process within the USDOT Evaluation GuidelitnesEvaluation
Guidelines suggest that the stakeholders or project team work togethdline the expected
project outcomes. This case study suggests hypothesis and a methodology te avaige

scale ITS project may serve as a useful tool in this process.
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The evaluation of the I-91 ITS project includes multiple goal areas gedtigbs which span
many areas within the transportation engineering field. Thisngsean serve as a foundation
for future research in the areas of traffic flow, safety and econom@agenent as this project

continues to be deployed.
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APPENDIX A

PROJECT OVERVIEW: 1-90/94 FIBER BACKBONE NETWORK AND SPURS

BUILD OUT (PHASE II)

Objective

Measure of Effectiveness

Data Collection Method

Traffic Management and
Highway Operations

(Infrastructure enabling
integration of urban and rural ITS
deployment)

Arterial Management Systems

D1 Traffic Operations Center
to Dane County 911 and City
of Madison Traffic
Engineering to monitor an
arterial during major
reconstruction

Established infrastructure **

Southwest Region ITS field
equipment deployed in the
Madison metro area and on |-
94 is all linked to the D1 officg
in Madison. Video feeds are
provided to the Dane County
911 Center and to the City of
Madison Traffic Engineering
office to aid in arterial
management of East
Washington Avenue during a
multi-year major
reconstruction of that arterial.

Message sign control is also
provided to the 911 Center.

D

Freeway Management SystemB2 MONITOR System

connection to D1 Traffic
Operations Center

D2 MONITOR and D1
Traffic Operations Center to
State Patrol

D1 Traffic Operations Center
to Dane County 911 and
Madison Traffic Engineering

The D2 Traffic Operations
Center (MONITOR) and the
D1 regional traffic
management centers are
linked, such that the ITS field
equipment linked to one
center, could be viewed and
controlled by the other. The
integration capability providec
by the backbone has resulted
in a consolidation of all ITS
control room activities into a

)

single Statewide Traffic
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Operations Center (STOC) th
MONITOR facility in
Milwaukee. This STOC now
has monitoring and control
responsibility for all ITS field
equipment located throughou
the state. Video feeds and
message sign information is
made available to the four
State Patrol Districts currently
on the backbone. A number
local law enforcement
agencies in the Milwaukee
metro area also receive these
feeds, as well as news mediaq
outlets in Madison and
Milwaukee.

Of

Transit Management Systems

Connections between
AMTRACK Milwaukee
downtown and Milwaukee
South stations, general
Mitchell field, and Milwaukee
County Transit

D

Connections have been madé
between D1 AND THE
Madison Metro Bus System,
providing selected video feed
to their location. Connections
also have been made betwee
the STOC and the Amtrak
station in Downtown
Milwaukee, providing that
location traffic camera video
and message sign informatio

—

Public safety
communications system

Incident Management Systen

s D2 Monitor system
connection to D1 Traffic
Operations Center

D2 Monitor and D1 Traffic
Operations Center to State
Patrol

D1 Traffic Operations Center
to Dane County 911 and
Madison Traffic Engineering

State Patrol Microwave
trunking via fiber backbone

With the consolidation of
Traffic Operations Center
activities into the STOC,

staffing was also increased td
provide 24/7 coverage. All

ITS field equipment anywhere

in the state is monitored and
controlled from that location.
Since the State Patrol District
adjacent to the 1-94 are also
integrated on the backbone,
they also have monitoring an
control capabilities for ITS
field equipment in their
localities. Inclusion of local
agencies is also expanding
beyond the initial Milwaukee

[72)
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and Madison area law
enforcement connections, to
include organizations such ag
Racine County Sheriff, and
Milwaukee County Public
Works.

The State Patrol is also
beginning to use the fiber
backbone to augment their
microwave mobile
communications system
trunking capability. It's
anticipated, that when the
WesDOT is able to extend th
backbone from Milwaukee to
Green Bay, and Green Bay td
Eau Claire, creating a
backbone ring topology, the
fiber backbone will become
the primary trunking facility
for the State Patrol
Communications System.

1Y%

Emergency Management Video feeds from major | Video feeds from many of the
roadway structures and traffic major interchange structures
cameras to D1 Traffic and bridges on the 1-94
Operations Center and D2 | corridor are available to the
MONITOR STOC, and to multiple public

safety organizations by virtue

Video feeds from D1 Traffic of their links to the STOC. The

Operations Center to Dane . .
Wisconsin Emergency

County 911 M .
anagement Headquarters ig
Video Feeds from D2 Monitor also a node on the backbone
to Milwaukee Metro Public | and has access to all ITS video
Safety organizations and and data via the STOC.
surrounding counties Connections haven't been

made to Regional FEMA field
?2 fl\f/_IOCI\)IITOI?_ anchl ¢ offices at this time, but would
rafic v perat 'ogtst elr; Fir | be a simple connection, as
S\?igggﬁsl?nnzrr?ergir?cya rol, most of these offices are co-
Management & FEMA at located with the State Patrol

Patrol Districts 1.2.5.6, and Districts which are already

State Patrol Academy at Ft. connected to the STOC.
McCoy

State Patrol Microwave
trunking via fiber backbone

Roadway security and
monitoring
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Traveler Information

RWIS road-weather
information disseminated
from Central Office to Rest
Areas located at Menomonie
east-west, Portage east-west
and Lake Mills east-west

,adjacent to most of them on

Rest Areas haven’t been

integrated on the backbone at

this time, but this is certainly
feasible, as the backbone run

the 1-94 corridor.

ISSUES AND OBSTICLES

Institutional Issues

Financial

Oversight

Regional Ownership

Lessons Learned —
Integrating ITS components

Project Staffing

Trust and Project Buy-in

Use of Standard Protocol

Innovative Financing &
Public Private Partnering

Partnering with Touch

America, Inc.
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APPENDIX B

PROJECT OVERVIEWS: 511EVALUATION

Objective

Measure of Effectiveness

Data Collection Method

Increase usage and customer
satisfaction by improving the
guality of information

511 User Perception

Survey of 511 Users
Focus Group of 511 Users

Comment cards

Increase usage and customer
satisfaction through enhanced
marketing

511 usage by date and route

Date of installation of signs
by location

511 User awareness and
perceptions of the impact of
new signs

511 system usage data files

ADOT records on sign
installations

Survey of 511 users

Comment cards

Help travelers reduce travel
time by identifying roadways
with conditions that create
unusually long travel times an
providing estimates of point-to
— point travel times for four
parallel arterial streets in Nortl
Phoenix

511 perceptions of the impag
of the information on their
travel decisions and travel
dtimes.

1 Individual callers menu
selections of alternate routes
after hearing a longer than
usual travel time

tSurvey
Focus group
Comment cards

Reported arterial travel time
data files

511 system usage data

Maintain acceptable system
availability

Incoming line utilization
Call waiting statistics

User perceptions of system
availability

ADOT VRASA system data
Survey

Focus group

Comment card

Interview with staff

System logs
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APPENDIX C

PROJECT OVERVIEW: FLEETFORWARD: A STRATEGIC PLAN FOR THE

FLEETFORWARD EVALUATION

Objective

Measure of Effectiveness

Improved operational efficiency of motor
carriers

Improve customer satisfaction

On- Time delivery
Carrier provides accurate ETA

Reduce operating costs

Late delivery penalties
Fuel consumption
Vehicle maintenance cost
Employee turnover (driver retention)

Turn time (transit time)

Increase revenue

Equipment utilization

Driver utilization

Improve safety from the standpoint of motor
carriers

Effect of FleetForward on the number of
accidents involving motor carriers

Increase the efficiency of the overall highway
system

Reduce congestion

Perceived impact of FleetForward based
public sector interviews

on

Improve highway safety

Perceived impact of FleetForward based
public sector interviews

Increase highway capacity

Perceived impact of FleetForward based
public sector interviews

on

Improve highway service to the traveling publ

c Perceptions of publitcggmperations
managers regarding their traffic manageme

capabilities

nt

Improve highway service to motor carriers

Perception of motor carriehearsé and
value of the service

Gain motor carrier acceptance of the highway
and traffic information service

Motor carriers become willing to use new traff

information products and services

dPerspective of motor carriers on traffic

information pre-and post FleetForward
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Incorporation of FleetForward information
into routing decision

Develop motor carrier usage of highway and
traffic information

Increase the awareness and use of the free tr
information by motor carriers in the 1-95
Corridor (Including SmarTraveler and the IEN

affiarrier perceptions of the availability, utility
and value of traffic information before and
after the deployment of the FleetForward’

Number of inquiries of available free highw
and traffic info in the 1-95 corridor

Ay

Provide one-stop shopping to motor carriers f

DIADility of FleetForward to coordinate

basic traffic related information regional and metropolitan highway and traffic
information into a single source and distribite
it to motor carriers

Make better use of available highway and

traffic information

Leverage the IEN to meet the needs of motor| Define and document the use of the IEN in

carriers the FleetForward test
Compare FleetForward’s use of data to
previous uses

Increase the use of metropolitan traffic data Define and documentettod 8marTraveler
information by motor carriers in the
FleetForward test
Compare FleetForward’s use of the data to
previous uses of the data.

Use a public-private partnership to facilitate

the development and deployment of the Fleet

Forward

Develop a cooperative team that draws on the Perspective of the public-private partnership

strengths of each member

representatives

Compare the overall FleetForward stated
work plan to the actual deployment

Analyze of the various public-private

partnership interactions
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