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ITS Decision Enhancements: Developing Case-Based
Reasoning and Expert Systems and Incorporating New
Material

Abstract

The ITS Decisgon website has been developed for the user who isinterested in learning
about various Intligent Trangportation System (ITS) technologies. Two tools have been
developed that will help those users who wish to address a specific problem, obtain
information relating to their particular context. These are the Expert System and the Case
Based Reasoning tools.

The Expert System tool queries the user on the problem context and the problem in
generd. It then presents information on different types of ITS technologies that may be
used to address the problem.

The Case-Based Reasoning toal, at present, contains information about three
technologies. One of these is atrangportation demand management mechanism,
specificdly the employer based trangit pass program. The other two are Automatic
Vehicle Location/Computer Aided Dispatch, and Freeway Service Peatrol. A user
interested in using any of these technologies enters the parameters of his context, i.e. city
gze, fleet 9ze, as response to queries. The tool then presents him with cases of different
locations where the specific technology has been sued. The cases are presented in order
of their resemblance with the input parameters. The users could access more information
on any of these cases by clicking on the hyperlink.

Although not a part of this project, a cost-benefit tool is aso added to the website. On

using the three tools sequentially, or as per requirement, a user gets a comprehensive
view of the benefits or otherwise of using a specific I TS technology.

Keywords

Automeatic Vehicle Location, Expert Systems, Freeway Service Petrol, Transportation
Demand Managemert.






Executive Summary

In the attempts of planners and engineers to address trangportation problems, they may
consider conventiond capacity improvement methods and/or deploy intelligent
trangportation systems (ITS). Instances of ITS being deployed to address transportation
problems are employee pass programs, freeway service patrols (FSP) and advanced
vehicle location & computer aided dispatch (AVL/CAD). These ITS solutions have
various advantages. The advantage of freeway service patrols, for example, isthat, they
can be implemented in the short run and focus on responding to incidents, which cause
25% to 50% of the congestion problems in urban aress.

This project isintended to help planners and engineers make informed decisons
regarding ITS technologes. The ITS Decison webste is designed as a platform where
mogt information about sate-of-the-art ITS technologiesis available in areevant form.
By rdevant form, it is meant that the user can access the information she is seeking
without having to sft through alot of other irrdevant information. Generd information
about ITS drategies may be obtained a the ITS Decison webste using the Services &
Technologies menu. For instance, the user can select FSP and obtain textud information
about the nature and impacts of FSP. In addition, the ITS Decision offers tools to help
planners and engineers find appropriate I TS actions for the transportation problem of
their interest, and obtain more information about their performance.

The Expert System, embedded in the “Match ITS to your Needs’ menu, asks about the
problems that the planner or engineer istrying to address. Then, it diagnoses the problem
and suggests I TS remedies. For instance, if the problem isincidents and induced
congestion, then FSP and ingdling Variable Message Signs might be the suggested
solutions. At this point, if the user isinterested in the question “who ese has used it,”
then the Case-Based Reasoning tool becomes relevant. The user can match historical
cases that are most similar and see the impacts (e.g., benefits and costs as well as
quditative information about the program). Communities often want to first ook at
whether aremedy isrelevant to their Stuation and what has happened in cases when such
systems were deployed. The expert system and case-based reasoning tools are meant to
dimulate greater deployment of promising technologies in counties and locdlities that
have not deployed such systems.

Although not part of this project, the tools lead to afind step of evauating benefits and
cogtsfor ITS technologies usng models. For ingtance, if the user isinterested in
AVL/CAD, then they can potentidly use models to eva uate benefits and costs.
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1. Introduction

Intelligent Trangportation Systems (ITS) are increasingly being used by trangportation
professionas as a solution to various trangportation problems. From traffic sgnas
centrally controlled by computers and dectronic toll collection tags enabling driversto
pay without stopping at toll booths to changeable message signs giving information
concerning the next bus, train or traffic conditions ahead and talking navigation systems
that provide turn-by-turn directions through satdllite technology, 1TS has many
goplications.

Mog mgor citiesin the US now have an ITS program. However, ITS being afarly
recent technology, there is need for an organized database giving information about
various technologies. While suchinformation iswiddy available, it is often difficult to
streamline to a specific context. To address this problem, Partners for Advanced Transit
and Highways (PATH) and Center for Commercidization of TS Technologies (CCIT)
developed the ITS Decision website (http://mww.cdccit.org/itsdecision/) where
information is made available to suit specific needs.

The objectives of this report are to:
Describe the ITS Decision website.
Document the addition of two important new tools, an expert sysem to help
people determine what I TS services might be gppropriate in their Stuations, and a
case- based reasoning system to help them evauate the benefits of such services.
Provide a sense of future development needs.

Thesetools, as wdl as the information base now contained in the Ste, were firs
envisoned as part of the PLANITS Project, which commenced in 1992.



1.1 Description of Website

In thiswebdgite, materid is organized at severd levels of detall to suit various types of
users. There are short summaries of I TS user servicesincluding what the serviceiis,
where it has been implemented, and what is known about its performance for. Thereare
aso full reports on each user service containing detailed information on implementation
and performance. The online library contains electronic copies of reports and articles
from leading I TS periodicas related to the service. This hdps users by providing
convenient access to publications that have been reviewed and judged to be useful. Links
to related web Sites are aso provided.

The vaue that this website providesisin terms of rigorous screening of ITS information
and clear descriptions of I TS technologies. The qudity of ITS Decison is maintained by
continua updating of exigting materia and addition of new topics as they emerge.

1.2 Motivation for Website

In 1995 PATH was overseeing dl of the federa field operationd testsof ITSin
Cdifornia. Out of concern that what was being learned about I TS in these and other field
tests was not easly accessible to potentid implementers, the idea of such awebste was
born. A decision was taken to design an information source that would describe ITS
sarvices, summarize what was known about their benefits and costs, and provide
references to more detailed information.

There was subgtantia advocacy for ITS at the time. As such, there were reasons for
gpprehension that the over-enthusiasm might lead to unnecessary and incorrect use of ITS
technologies. The aim of the website development was to provide objective, credible
information. So where possible, there was a conscious effort to include information

about measured benefits, costs and implementation experiences. When presenting
findings, the implementation context was aso presented, and any important shortcomings
in the analysis, on which the findings are based, were proposed to be noted.



Further, because ITSisrgpidly changing, the information has to be up-to-date. Also, it
has to be easy to use. This meant having agood indexing sysem. Thereisdsoa
conscious effort to provide information at different levels of detail for users with different
needs. The policy maker might want only the highest level of information, while the
researcher would want detail regarding evauation methods, test conditions, and research
findings Naturaly, our objective is that everyone who might be interested has the
information.

The web provided a good medium: easy dissemination to awide audience and
convenience in keegping current materia organized in multiple dimensonsand in
presenting at severd levels of detall. It made it possible to handle large quantities of
information without the medium becoming unwieldy.

1.3 Website Development

Work began on the sitein late 1995. A part of the work was subcontracted to Dr.Asad
Khattak a University of North Carolina, Chapel Hill, who, along with his graduate
student Patrick McDonough developed the case based reasoning tool. The gteinitidly
went on-linein July 1996 with information on afew ITS services, aguest book, and a
form for providing feedback from users. Since then, the Site has gone through severd

major stages and reorganizations.

In 1998 the name LEAP, learning from experience and anaysis of projects was
adopted and the layout, Site structure, and indexing systems were designed and
implemented.

In 1999 the files were reorganized.

In May 2000, the name was changed to ITS Decison. Graphics, file organization,

navigation, cross-referencing, on-line library, and resources were re-designed.

In October 2001, work began on the expert system to help users determine which

ITS services and technologies would be useful in their circumstances and a case-



based reasoning system to help them estimate the effects of various servicesin
their circumstances.

In May 2003, ITS Decison was again re-designed following usability testing to
improve graphics, navigation, file sructure, cross referencing. The ontlinelibrary
was put in a searchable database. The expert system was put on line. Further, the
project responsbility moved from PATH to CCIT.

In early 2004, the software migrated from the PATH server to the CCIT server.

1.4 Website Contents

Table 1 ligts the various topics for which reports and summaries on I TS technologies are
made availadle on the webste, the URL being:
http://mwww.caccit.org/itsdecison/serv_and tech/list.html

Table 1: Various| TS subjectsdealt with in the website.

Archived Data Traffic data collected over periods of timeand in
formats that can be used to manage and study
exigting transportation syslems or to plan new

ones.

Automatic Vehidle Location Readl-time remote tracking of vehiclesusng

satellite or other telecommunications Sgnas.

Carsharing Automated scheduling and management system
that gives multiple users access to shared
vehidles (usudly without keys) at different times
and in different locations for afee.

Collison Avoidance Systems to warn drivers of dangerous Stuations

or that take over operation of the vehicle either in
part of completely.

Congedtion Pricing System that charges users more for use of a




facility (usudly aroadway) during congested
periods and less for uncongested periods.

Electronic Toll Collection

Automatic, contactless collection of tollsusing
survelllance methods, usudly radio or infrared

tags and readers.

Fare Payment Technologies System that dlows trangt ridersto pay fares
eectronicdly.

Freeway Service Peatrol System that provides assstance in incident
clearance.

Freight Operations Automated vehicle location, survellance,

communications, sensor and scheduling systems
that are gpplied to freight vehicles.

Incident Management

System of detection and clearance of incidents
and management of the congestion they cause.

Parking System Technologies

Tdl travelers about availability of parking
spaces, some dlow dectronic, remote or

electronic payment.

Public Trangt Technologies

The use of some combination of automated
vehicle location, advanced fare payment, traveler
information and other technologiesin atrangt

system.

Ramp Metering Use of traffic Sgnds a freeway on-ramps to
control the rate of vehicles entering the freeway.

Remote Emissions Sengng Sensors that ingtantly measure emissions of
vehicles asthey travdl.

Ridematching Automatic system that matches people wishing
to carpool, according to origins, destinations and
travel times.

Rurd ITS ITS technologies that meet the information,

mobility, and safety needs of rurd aress.




Automated warning systems that use sensors,
communications and other advanced
technologies (e.g. video image interpretation) to
dert travelers to danger.

Tdecommunications

The communications infragtructure connecting
ITS technol ogies to one another. Includes awide
range of media, such asthe Internet, fiber optic

lines, satdlite, microwave and radio.

Tdecommuting

Working off-dte, generdly at home, and
interacting with co-workersvia

tdlecommunications.

Traffic Management

Directing traffic flow usng arange of

technology applications, dispensing information
to travelers based on data collected and analyzed
on a continuous, regl-time bas's.

Traffic Sgna Control

An interconnected, €l ectronic system that
controls a network of traffic Sgnas.

Traffic Survellance

Detection of vehicles movements by means of
Sensorsin or near the roadway or mounted in
vehides.

Travel Demand Management

Strategies that promote increased use of high
occupancy vehicles and public trangt.

Traveer Information

Pre-trip information about current or expected
traffic conditions and en-route information
regarding hazards, temporary travel redtrictions,
congestion, and route advice; can be available
via broadcast media, the Web, phone or
changegble signs.

Wesather Applications

Survelllance and forecasting methods used to
detect weether hazards and dert travelers
affected by them or transportation managers




required to respond to them.

Work Zones Traffic management, traveler information and
incident management gpplications used to
enhance the safety of work zones.

1.4.1 Telecommunications overview, pop-up diagrams, glossary, and reports

http://www.cacait.org/itsdecison/sarv and tech/Te ecommunications'tel ecommunicatio

ns overview.html

Tdecommunications are not an I TS sarvice in themsdves, but ingtead enable many ITS
sarvices. Therefore, they are trested differently. In addition to an overview of
telecommunications used in ITS, aglossary of telecommunications terms, ortline reports
on telecommunications, pop-up diagrams showing the telecommunications components,
links, and information flows have been created for thirty-two different ITS services.
These pop-ups are a agppropriate location in thetext. A list of serviceswith
telecommunications pop-upsis a

http:/Mmww.cdcait.org/itsdecison/serv and tech/Te ecommunications/diagrams/telecom

munications diagramshtml . See a sample pop-up a
http://Ammw.ca ccit.org/itsdecison/serv and tech/Tel ecommunications/diagrams/ AV L %2
0GPS-based/avl gpshased.htm.

1.4.2 On-linelibrary

http://database.ca ccit.org/itsdecision/
As part of the 2000 re-design of the Site, an ontline library was created. Reports and
aticlesthat the ITS Decison staff judged to be particularly useful were placed in an on

linelibrary on the Site. Inmany cases, these were directly accessible in dectronic form

from the ITS Decison Ste (this was the case for any PATH reports). In 2003 thelibrary
was placed in a database to make it searchable and easier to maintain.

1.4.3 Links

http:/Amwww.calcait.org/itsdecison/Links/gen info.html




Since the site firgt began, we have included links to what we considered to be useful sites
related to ITS. These have been checked and updated many times. We currently have six
categories of ITSlinks: genera information, architecture and standards, benefits and

costs, research and publications, training, and mgor I TS organizations.

Table 2 and 3 contain the descriptions of these web stesthat ITS Decison providesin its

“Links’ section.

Table2: General ITSInformation

ITS Cooperative
Deployment
Network
http://Amww.nawgits.
comvicdn.html

A shared Internet resource containing up-to-date news and
resources. Members of the cooperative include most leading
organizations and associations concerned with deploying ITSin

the U.S. Features include free monthly email newdetter, access to
online discussons, a shared cadendar of ITS-related events and a
resources. Sponsored by the Nationa Associations Working
Group for ITS (NAWGITS) and the ITS Cooperative Deployment
Network (ICDN).

USDOT Inteligent
Trangportation
Systems
http://Amww.its.dot.go

v/

Comprehensve federd ste with linksto al USDOT ITS
programs. Includes a hotling, linksto mgor USDOT ITS
initiatives and ortline documents and links. Sponsored by the
USDOT ITS Joint Program Office.

Table 3:1 TS Benefitsand Costs

I TS Benefits Database

Information about benefits from ITS projects

http://Amww.benefitcodt.its.dot.gov/it dating back to December 1994, collected by the

sbenecost.nsf/ByL ink/BenefitsHo USDOT's Joint Program Office for Intelligent

me

Trangportation Systems. Sponsored by the
USDOQOT.




ITS Unit Costs Database Cost estimates for aset of ITS dements. These
http:/Aww.benefitcogt.its.dot.gov/it cost estimates are categorized as capitd, and
sbenecogt.nsf/ByL ink/CostHome operating and maintenance (O&M) costs.
Collected and devel oped by the USDOT's Joint
Program Office for Intelligent Trangportation
Systems. Avallable in spreadsheet format. Updated
periodicaly. Notification of updates can be
arranged for.

These gtesdl link to each other and some of the same materid isincluded in each, asiit
isin ITS Decison, but each is organized differently and serves a different purpose.

1.5 Continuous monitoring of ITS devel opments

ITS gaff monitors the PATH database, the ITS newsgroups, the I TS publications, and

trangportation conferences and gathers information to keep the website current.

1.6 Usar communications and feedback

When the website was firgt launched, it included a guestbook and questionnaire to get
feedback on the site. About 100 people responded. The feedback was generaly positive.
Users dso sent questions and requests for additiona information. These were answered.
Later, asthe novety of the web wore off, users were less inclined to spend time on
guestionnaires or signing a guestbook. Another questionnaire was posted after the 2000
re-desgn. Theresponsewas minimal. As part of the project to develop the case-based
reasoning System and expert system, a questionnaire was distributed to alarge sample of
Ingtitute of Trangportation Engineers (ITE) members by ITE, the adminidrators of which
generoudy alowed ITS Decison to use its questionnaire software a no charge. The

same questionnaire was emailed to a sample of Catrans employees. The responseratein

both cases was disgppointing. However, because of the large sample, 46 responses were




received from the ITE survey. These responses indicated that the type of information on

the site and the tools that were under development would be useful to users.

In 2002 the ITS Decison webmaster conducted a usability survey with 12 transportation
engineering graduate students. This consisted of giving people who had not visted the
dte before, afew tasks to perform using the site. The steps they took to perform the task
were recorded aswell as the time each task took. Then they were asked some questions
about the Ste. Thetest for each person lasted about ¥hour. The feedback from this
survey led to the re-design of the Stein 2003. Before the new ste was launched, six
usahility tests were conducted on the new site. These showed that the changes made to
the Ste had corrected the problems with the earlier design.

1.7 Monitoring usage
Usage dtatistics on the Site have been gathered since it began in 1996. They have been

interrupted from time to time because the Ste moved to a different server. These usage
reports dlow us to see the domains from which our users come, the words that lead to the
gte, the referring Sites, and other information helpful in determining how and how much

the Steisbeing used.

Figure 1 shows the number of distinct users that access the Site each month and Figure 2
showsthe ITS Decison request for pages. Because the website URL was changed with
the re-design in May 2003, some of the externa connections to the site, particularly those
that linked to files within the site were lost and usage dropped. Usage remainslow and is
asource of concern. The problem appears to be that it is not being linked to from the
magor search engines, athough there is alink to the site from the previous home page.

Materid from ITS Decison was aso used in developing the IDAS sketch-planning tool
for ITS, and in developing the ITS Benefits module for LearnNet, the new distance
learning system, for the Federd Government by the Technology Transfer Program of
Universty of Cdifornia s Ingtitute of Trangportation Studies.
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1.8 Publicity

The site has been continuoudy promoted through distribution of brochures a meetings
and conferences, sending of news releases to I'TS Publications and websites, contacting
search engines regarding the Site, getting trangportation websitesto link to ITS Decision,
and making presentations.

1.8.1 Brochures

The first LEAP brochure was produced in 1997. It has been updated approximately
every year Snce. Brochures have been digtributed at annud ITS Americameetings, TRB
mestings, CAATS mestings, PATH conferences, and other meetings and conferences.
They are dso made available to Cdtrans and are distributed with other PATH materids.
A batch of 500 brochures was printed in January 2004. The cost per brochure is roughly
$1.00.

1.8.2 Pressreleases

In 1999, press releases about the Site were sent to various I TS publications and news
groups. Press releases were sent after the 2000 re-design and again after the 2003 re-

design.

1.8.3 Presentations

The site has been demonstrated at numerous PATH conferences and meetingsand at a
meeting for Catrans employeesin 2001. In January 2004, it was presented to the TRB
Intelligent Transportation Systems Committee & the TRB Annua Mesting. The most
recent presentation to Catrans (June 17, 2004) has been included in Appendix C.

1.8.4 Contacts with search engines

Search engines have been contacted periodically over the course of the project to let them
know about the site. After the 2003 re-design the new URL was submitted to Google and



Yahoo. The other search engines charge for liging asite, and are not as highly used.
The pogitions on the search results shift from time to time and depend on the search
criteria. Thiswebsite appearsfirst on a Google search for ITS Decision. One of the
motivations for the subtitle “A gateway to understanding and applying Intelligent
Trangportation Systems’ wasto get Intdlligent Transportation Systemsinto thetitle.

1.9 Results of Survey on Preferences for ITS Information

In May 2002 we conducted a survey of alarge sample of ITE membersusng ITE survey
software. There were 46 responses of which 56% were consultants and 36% were with
city, county, state and federa trangportation agencies. Fifty-Sx percent did traffic
engineering, 15% planning, and 10% operaions. Sixty percent had been involved in
planning implementing or operating ITS, mogtly in sgnd coordination and optimization
and specid event management. Sixty three percent generdly thought of ITS when
thinking how to address a particular trangportation problem. Those who did not, said it
was not applicable, it was too costly, or the technologies were not well understood.
When considering implementing ITS, the questions that came to mind were how it works,
how effectiveit isand how rdiable. The factors that people thought were very important
injudging if aparticular ITS project should be undertaken were: how well it has worked
(80%), cost-€effectiveness (63%), funding sources (54%), public acceptance (46%),
competition for funds (29%), politica feasibility (24%), and who else hastried it (22%).
The information they wanted about an ITS project in another areawere: how well it
worked (89% congdered this information very important), implementation chalenges
(72%), technologies utilized (65% ), characterigtics of the area (50%), the
implementation process (43%), how it was integrated with other areas or services (43%),
who operatesit (28%), and sources of funding (28%). When asked how useful they
would find various website contents, 76% thought tools to help estimate the effects of
particular ITS servicesin their areawould be very useful, 63% favored information about
specific ITS services and where they are gppropriate, and 50% favored assstance in
determining which ITS projects are likely to be gppropriate in your area and 48% favored
assgtance in developing an ITS plan.  Responses from the nine Caltrans respondents
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were smilar. The surveys generdly confirmed that ITS Decison, with the“Match ITSto
Your Needs’” and the case-based reasoning systems (described in later sections) would
provide the type of information potentia users need.

1.10 Usability Surveys

The two usability surveystook a different form. Inthefirgt, 13 trangportation graduate
students were asked to perform 3 tasks:

Task 1. If you wanted to find a full-length report on “Weather Detection,” how would
you do that?

Task 2. If you needed to find articles on “ Safety,” where would you go?

Task 3. If you wanted to find al the information available on our site about “ Pre-trip
Traveer Information,” how would you do that? Stop when you think you've found al of
the available information.

The path they took and the number of steps needed were recorded. This allowed the
surveyor to see which features of the site worked well and which did not. Many

problems with the navigation and organization of the Ste were uncovered.

After the dte re-design, asmilar survey was conducted. People liked the graphics and
the searchable on+line library, and found it much easier to navigate. Although they liked
the idea, they found the two “Match ITSto Your Goads’ and “Match ITSto Your
Problems’” sections confusing. As aresult these were reorganized into a single “Match
ITSto Your Needs’ section and the presentation was improved.

1.11 Other ITS websites

As part of the re-design in 2003, ITS gaff reviewed dl the exidting linkson the ITS
Decison steand al ITS steslocated in a Google search. None digested the information
as|TS Decision does. None described services and technologies and summarized what
is known about how they perform.
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The ITS Cooperative Deployment Network site is very informative, with newsand a
forum on various ITStopics. The newdetter section has a search function, but if “ramp
meters’ is given as an input for example, nine matches are obtained. The matches include

items under the headings discussion, deployment, now on-line, breaking news etc.

The USDOT ITS dteishig. Its problem isits large Sze and corresponding lack of focus.
It has links to publications on I TS, maps showing whet I TS eements are implemented
where, news, speeches, and a search function. A search for ‘ramp meters' returns 236
records, and an additional 1195 records for ‘ramp’ and 7036 records for ‘meters. The
entries were barely legible. When one clicks on the first, one getsthe ITS Benefits
Database.

The ITS Benefits and Unit Cost Database is very well organized. It isagood place to go
for cogts. The benefits are organized by application.

1.12 Enhancing Quality by Adding New Topics and Updating Content

Asthe pace of implementation increases, there is both more information available
regarding ITS and more interest in such information. For example, telecommunications
has emerged as akey technology for ITS implementation. 1TS has expanded to include
wegather sensing and use of archived ITS data. We have responded by updating the

website to include these topics.

In addition to periodic updates, we have also updated sections whenever important new
information became available. Now mogt ITS information is available on the web, so
new reports and articles have been added to the ITS Decision ortline library. In order to
ensure that I TS Decision contains the most current information afew steps have been
taken:

1) amonthly review of the ITS magazines and journds, the PATH database, the various
ITSweb stes, ITS-related newsgroup postings, and new PATH reports have been
conducted to obtain materid for updating ITS Decison and
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2) New ITS information have been actively sought out at conferencesand in dl
discussons

We have continued to be selective in what we include in ITS Decison, both to assure
high qudity and to save users the time of gfting through repetitive and margindly useful
information. To maintain its value, the site has been and aso must be, kept current by
people who understand I TS, who can evauate it objectively, and who can present
information effectively.

1.13 Adding Decision Support Tools. Expert Systems & Case-Based
Reasoning

In the past years, we have added two important new tools, an expert system to help users
determine what 1TS services might be appropriate in their Stuations, and a the case-based
reasoning system helps determine how such services were implemented and how well

they performed in Smilar circumstances.

Thesetools, as wdl as the information base now contained in the Site, were first
envisoned as part of the PLANITS Project. The following subsections gives a schematic
description of the PLANITS project before describing the two tools in detall in the next
section.

1.13.1 The PLANITS Project

The PLANITS concept was a computer-based tool for planning and andysisof ITS
actions (Figure 1.3) that was developed by PATH in 1993-1995. PLANITS (Planning
and Analyss Integration for Intelligent Trangportation Systems) was intended to facilitate
the deployment of TS actions by providing tools to evauate the impacts of various ITS
actions. At that time, experience with ITS was limited and the Internet was limited
largely to universities and defense establishments. As such, it was not possible to fully
implement PLANITS, and only ssimple prototypes were devel oped.

PATH’sITS Decison web ste, which first went online in July 1996, was partly inspired
by the PLANITS concept and condtituted the information base that would be included in
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PLANITS. Since then, much experience has been gained with ITS, and this experience
has been andlyzed, summarized, organized and made available to the public on this web
dgte. ITS Decison now contains not only this information base, but aso three other
PLANITS eements, acatalogue of ITS actions, asidentified in the Nationa ITS
Architecture, and goals of the transportation system, as defined by PATH and by the
Cdifornia Trangportation Commission.

The PLANITS Concept

Figure 3 shows the PLANITS components, which are described in the following
paragraphs. Itaicsindicate focus areas for the proposed project.

Perf/traveler

Cases/rules
Information base |

Models
Data | Expert systems

Case-based
reasoning

Textual info

Analysis
ITS tools

Actions Analysis

| Groupware

Goals/ Deliberation |Communication
Performance | Internet
Measures Deliberation/

Deployment Communicatio
decisions n tools

Figure 3: The PLANITS concept

ITS Actions and Goals/Performance

PLANITS has an action base that contains information about implementable I TS actions;
and a goa g/performance base that contains performance measures/goas for a particular

17



area. ITS Decison dready contains the action base and an overdl goas/performance
base. The PLANITS process starts by identifying the problem (traffic congestion, safety,
etc.) and then identifying gppropriate I TS actions/solutions or taking a particular ITS
technology (e.g., eectronic toll collection, freeway service patrol) and finding the
gppropriate implementation context. Users can dso obtain information about ITS
technologies and impacts if they are not sure about the problems or ITS solutions. Thisis
the function of the Expert System.

Data

The datain the PLANITS database consists of a database, a case base, and an expert base.
The ITS Decision dready contains evauations, research reports and distilled knowledge
about the performance of ITS actionsimplemented in red-life Stuations. This project

will update and expand the case base for freeway service patrols, automatic vehicle

location and computer aided dispatch systems for trangit. In addition, to appedl to

planners and demondtrate the flexibility of the method, we have added an employee pass

program case-base.

Deliberation/Communications Tools

Though an important component of the origind PLANITS methodology, we will not
focus on the stakeholder deliberation and communi cation aspects of the methodology.
Rather the overdl thrust of this research effort isto help potentid implementers and
technology vendors access and evaluate relevant I TS actionsin terms of performance

measures within specific red-life contexts.

The two toals, expert system and case-based reasoning, added to the website based on the
concept of PLANITS are described in the following sections.
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2. Expert System
The expert system is a rule-based diagnogtic and assistive tool that provides intelligent
advice. Currently, the user may access the expert system from the following perspective.

0 Theuser may belooking for ways to address a particular problem. In this case
the system asks questions about the problem and its environment. It then presents
the user with dterndtive actions to mitigate the problem, helps the user determine
which actions should be studied further and what information will be needed.

The expert system developed in this research functions as the gateway to the case-based
reasoning system, playing much the same role as a human consultant who istrying to
determine the needs and gods of the client and to match these with an effective course of
action. It includes a series of questions and responses designed to clarify the users needs
and quickly lead him or her to courses of action that warrant further investigation. The
diagram on the following page illustrates how the system works. The boxes with dashed
outlines indicate how the different e ements of the system are combined to produce the
expert system outp.

In developing the system, users of the ITS Decision website and potentid users have
been surveyed to determine their information needs and develop the “if then” rule
gructure. In order to discover efficient methods of diciting information, websites that
have systemsto help users choose a particular service or product, out of alarge number
that are offered, have aso been surveyed.

Given that ITS actions must compete with conventiond improvements for funding, it is
important to educate potential implementers about synerges between conventiona and
ITS actions. For example, afreeway widening may dso include surveillance and

information technologies, e.g., video survelllance and changeable message Sgns.
The expert system can be accessed at the URL.:

http://mwww.calccit.org/itsdecison/Match Needs'mainmatchpage.htm




Thisisthe “Match ITSto Your Needs’ section of the website. Based onthe PLANITS
idea of finding the right action for the environment and problem, the “Match ITSto Y our
Needs’ page firg asks the user about the environment in which he/she plans to implement
ITS. Then it asks for the needs the user wishesto address. Then the Stetdlls the user
what information should be collected and based on the information, which ITS services
would be useful. Fgure 4 gives a schematic representation of the functioning of the

expert system.
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Figure4: How the Expert System will work



On clicking Match ITS to your needs, the URL
http://www.calccit.org/itsdecison/Match Needs/ma nmatchpage.htm
takes the user to the following webpage displayed in Figure 5.

Figure5: Match ITSto your needs webpage

The ‘expert-system’ tool hyperlink as highlighted with the red arrow takes the user to an
explanation of the expert system tool at the URL
http://Aww.calccit.org/itsdecis on/Expert System/expertexplain.htm

The *Go to Expert-System Tool’ takesthe user to the tool itself at the URL3.
http://www.cal ccit.org/itsdecis on/Expert System/newexperttool.htm




Figure 6 displays a screen shot of the webpage containing the expert system tool.

Figure 6: Expert System T ool

Through thisinterface, the interface queries the user on whether the area of concern relates to

one of the following three dterndtives:

transportation environment, for instance, a city of a certain population (less than 50000, 50000 -
499999, greater than 500000), freeway or rural roads,
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transportation system, for instance, a bus trangit system of a certain flegt Sze (lessthan 25, 25-
199, 200-499, more than 500 buses), paratrandt or taxi system or truck flest,

transportation agency, for instance regiond trangportation planning agency and date
transportation agency.

If the user sdlects the dternative * city, population 50000-499999', she is taken to the subsequent
webpage where she is asked to choose the problem that she would like to address. The options
given are ‘reduce congestion, reduce accidents, improve traveler information, improve
information for planning and operations, improve trandt and increase mobility for people

without cars’

Figure 7: Solution options
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Clicking on any of the options leads to WebPages that describe al possible ITS solutions for the
problem at hand. ‘ Improve traveler information’ for instance, displays the webpage shown in
Figure 8.

Figure8: 'Improve Traveler Information' option

Clicking on any of the hyperlinks on this page, tekesthe user to containing detailed information
about the technology. The hyperlink *pre-trip information’, for instance, takes the user to the
webpage shown in Figure 9.
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Figure9: 'Pre-trip information’
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3. Case-Based Reasoning

After identifying aparticular ITS action by usng the ITS expert systlem, users are often
interested in questions like “who else has used it, what were the impacts and what was learnt?’
More generally, Case-Based Reasoning (CBR) is a decision making method used by human
beings throughout their daily lives. Wangenheim describes CBR as* .. .based on amode of
human cognition dealing with knowledge in form of concrete experienced

examples’ (Wangenheim 2000). Janet Kolodner describes CBR as drawing on previous
experiences and “adapting old solutions to meet new demands,” and points out numerous
examplesin society, such as lawyersrelying on other cases for precedent, and doctors making
diagnoses based on the amilarity of symptoms to those seen in past patients to ad someone
currently in their office (Kolodner 1993). Whether they describeit as such or not, CBR isaso
used every day by transportation planners and public officia's who try to make decisions by
drawing on their previous experiences. Therefore, to summarize, CBRis:

A decision-making process that focuses on the smilarity of a present problem to one or
more specific problems that were solved in the past

A process that does not necessarily rely on measures of central tendency, such as
averages, standard deviations, and medians, but dso provides the quditative case context
A process that informs decisionmakers by examining the context and richness of
individuad cases from the past

A familiar process that isanormd, intuitive method of decisonmaking for humansin

everyday life

3.1 Case-Based Reasoning, Planning, and Case Quality
Khattak and Kanafani previoudy described the process by which CBR could be used for

planning processes. Their 1996 paper discusses how a CBR system for transportation planning
could be focused around what they cdl the Planning Vector, which is further divided into the
Action Vector, containing the proposed actions that are being consdered in the planning process,
the Criteria Vector, containing the performance measures to track progress towards the goas
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sought by the actions, and the Environment Vector, containing information about the context that
is pertinent to the subject actions and the impact of the actions (K hattak and Kanafani 1996).
Khattak and Kanafani point out that with new technologies or planning ideas, such as recent
devdopmentsin Intdligent Transportation Systems, it is often difficult to find quaity data thet

can be objectively measured and compared to other cases. Thisisthe casein the TDM fidd as
well. TCRP Web Document 22 points out that virtudly al the trangt agencies interviewed for
their sudy cited asgnificant lack of information on true program effectiveness (COM SIS 2003).
This means that whileit is reaively easy to contemplate potentid actions for the Action Vector,
or gather data about an exigting context (city Sze, number of miles of exigting freeways, buses
operating in peak service, etc.) for the Environment Vector, it is often the Criteria Vector which
isthe weskest of the threein planning scenarios. Khattak and Kanafani point out thet in light of
such limitations and variations in data, it may be important to assign cases a qudity variable, to

let CBR system users know that some cases that were entered into a CBR system may have come
from more rigorous studies, or a data source with greater credibility. As CBR systems grow,
data- gathering methods can be refined to ensure that new cases added to the system are more
likely to be high in qudity, and therefore, of higher potentid relevance to user input to the

sysem.

3.1.1 Limits of Case-Based Reasoning

Amen and Vomacka clearly state what CBR cannot do in apaper discussing the suitability of
CBR for materids sdlection in sted treatments. In particular, they point out that a CBR system
has no optimizing functiondity to perform on data, and neither creates nor refines data. It is used
for searching and not calculation, though additiona functionality could be added to a CBR
system to make this possible. Furthermore, CBR systems may identify smilarities but not
reasons, and can theorize about how cases are related, but cannot fathom why (Amen and
Vomacka 2000).

Another issue in developing CBR systemsiswhat is known as “the insgparability problem.”
This occurs when two existing cases in the case base, when compared to the input scenario,
produce identical smilarity scores because they possess identica vaues for the attributes thet are

evauated. Whilethisisagreater problem in applications where there is often one correct
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answer, such asin an gpplication that recommends strategy for a corporate computer support
desk, the inseparability problem can easily appear in the evauation of transportation projects and
policiesaswell. One common source of inseparability problems is when cases have missing
vaues or incomplete information. David McSherry effectively explains this problem: “If two
cases differ only in the vaue of an attribute whose vaue is missing in both cases, the two cases
are rendered insgparable by the missing vaues. On the other hand, two cases that would
otherwise be inseparable will lose this Satusif one has amissng vaue for a attribute for which
the other has aknown value’ (McSherry 2000). In a CBR system with very limited data, the
likelihood of the insgparability problem occurring is higher. If one imagines a hypotheticd CBR
system that cdculates smilarity based on three variables, with dl three being nomind, and not
scalar variables, the potential for identical scores can be quite high. If a CBR system returns the
ten mogt relevant results from such a system and seven of the ten have identical Smilarity scores,
thisis not avery helpful system to the user. Adding more varigbles to the logic that determines
samilarity isthe mogt efficient way to minimize this problem.

3.1.2 CBR versusother database systems

One benefit of CBR systemsisthat they are not susceptible to some of the flaws of relationa
database systems, such as bringing back infinitely huge numbers of results for aquery, or zero
results for aminor refinement of the same query (Amen and Vomacka 2000). SinceaCBR
system retrieves results based on similarity, whether the system processes 100 or 10,000 cases,
the system will aways present the most relevant resultsfird.

3.1.3 Learning Abilities of CBR Systems

One researcher developed a CBR system used to evauate direct marketing strategies. This
system hasamodule that dlowsiit to “learn” about the effectiveness of individua marketing
drategies by alowing the users of the CBR system to vdidate whether or not the Strategy
deemed most relevant by the CBR system was helpful in the sales process. Using the feedback
from users, Chiu's system employed a Genetic Algorithm (GA) approach to adjust the weights of
factors used in the CBR smilarity caculations based on the historica data of many users
selecting cases. In the GA-CBR system, the toal is congtantly re-dassfying the weghts of the
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attributes in the database based on the historical responses of thetool’ susers. Asthe system s
used, and users rank the quality of the solutions they receive, the software determines which
attributes in the data are most highly corrdated with high user rankings, and adjusts the attribute
weights accordingly. In turn, the solutions thet are rated highly by the users return to the case
base with greater relevance scores, and become new cases that can enter the process as well.
Thismay or may not undermine the expert judgments filtered into the system in gpplications that
seek aresult more complicated than the sale of insurance, but thisis not addressed in Chiu's
paper (Chiu 2002). For transportation planning CBR systems that eva uate policies such as pass
programs, it is difficult for such asystemto learn in away that is useful to the user, asthetimeto
implement solutions proposed by the system may take months or years to provide observable

results.

3.2 Case Studies
The three mgjor types of case studies included in the tool are described in the following section.

The case studies included at present include the employee pass program, the freeway service
patrol (FSP), automatic vehicle location & computer aided dispatch (AVL/CAD). The case-
based reasoning tool provides structured and organized information about revant historical
casesto potentid implementers. It is on the Internet, initidly to facilitate decisions regarding

ITS.

Given that severd historica cases exist (and many are documented at the PATH-supported ITS

Decision website), users can use the tool to sdlect historica casesrelevant to their Stuations.

3.2.1 Employee Pass Program

In the employee pass program, trandt passes are issued to employees by the employer. Some
employers re-imburse the cost of trangt. Others participate in the trangit pass program and

arrange for the trangit passes to be provided on-site at the work place.

What are the kinds of successthat have occurred due to this program, and how have they been
achieved? The answer to that liesin the work of Fitzroy and Smith, who found, in 1998, that the
introduction of an unlimited travel passwith regiond validity was the principa reason thet the
number of public trangt trips in Freiburg, Germany doubled in the decade from 1984 to 1994



(FitzRoy and Smith 1998). Interviews by Conklin et a found that Tri-Met’s“ Passport” program
increased trangdit ridership at participating employers by 57% &fter the first year of program
operation (Conklin et d. 2002). An evauation of the UPASS program at the University of
Wisconsin showed a 31% to 45% increase in trandit ridership after the introduction of the
UPASS on campus. At the same time, the percentage of students driving to the university
decreased from 54% to approximately 40% (Meyer and Beimborn, 1996).

Beyond ther proven success, the most compelling aspects of employer-based transit pass
programs are the speed with which they can be implemented, the wide number of people who
can be introduced to trangt through a single ingtitution, and the low costs compared to expensive
and time-consuming capecity enhancements. The next section explores how pass programs
achieve the results mentioned in the previous paragraph.

How Employer-Based Transit Pass Programs Work

The employer-based trangit pass programs have an ingtitutional focus. Depending on the local
regulatory environment, the program may be part of aregulation. But more likely participation in
employer-based pass programs is voluntary. This is because governments sometimes mandate
comprehensive trip reduction programs, and dlow employers to choose which TDM srategiesto
use to reach trip reduction gods. Of the 30 employers surveyed in this study, only 4 have
mandated trip reduction programs.

Costs and Benefits of Employer Pass Programs

Two types of benefits accrue from the successful implementation of an employer pass program:
those that are individual and societal benefits of higher trangit use, and those that are specific to
the stakeholders and participants in the employer pass program. Typica trangt-related benefits
that occur may include less congestion and pollution near and a the employer site, aswdl as
reductionsin regiond congestion and pollution problems, since work commuite trips comprise
the lion’s share of peak period travel. Participating employees enjoy more transportation
dternatives, gain the opportunity to read, work or relax while commuting, and save money on

persond transportation costs by not driving.
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Benefits that are more closdly tied to the employer-based pass program can be further subdivided

into employer and employee benefits. Employers can benefit by reducing their parking costs, or

by dlotting more spaces at the worksite for their cusomers. Transt benefits with afinancia

component aso can improve company morae and employee retention, which was another of

Shoup'sfindings in his Parking Cash-Out study (Shoup 1997). Additiondly, two of the

respondents to the survey for this project mentioned employee retention as a program berfit.

One of them is quoted below:
“'I spoke with the administrator from this company [ Catholic Charities of Buffalo, NY]
and she stated that this [their employee transit pass program] has had a very positive
impact on employee retention due to the fact that over twenty percent of the employees
are disabled and rely on our transit system for transportation. The program has a
tremendous cost savings effect for the employees who participate.” — Geri Ratchuk,

Niagara Frontier Trangportation Authority

The respondent from the Downtown Denver Partnership also reported that one of the reasonsiit
was convinced to implement a pass program was to raise their ability to retain employees.

In some cases, employees purchasing monthly trangt fare mediawith pre-tax dollars can lower
employees taxable income, which may aso lower human resource costs for employers who pay
amatching contribution in a401k or other retirement plan based on a percentage of employees
sdary. Employees receive increased travel dternatives and save money by not driving, not to
mention reducing stress. Also, if the passes are not limited to pesk period travel, the employee
can use the pass at other times and gain additiona utility for travel on weekends or at night.

On the cost Side, most travelers experience longer In-Vehicle Travel Time (IVTT) and Out of
Vehicle Trave Time (OVTT) by switching to trangt. Also, in cases where thereisnot a
Guaranteed Ride Home program, they may lose flexihility to access certain destinations not
served by trangt in the middle of the workday. Tables4 and 5 show the costs and benefits of
switching from driving done to usang atrandt pass, ether asan individud or through an

employer-based program (Littman 2003).
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Table 4: Costs and Benefits of Switching to Individual Transit Pass

Switch to Passfor Individual Benefit or
Cost?
Likey IVTT Increase Cost
Likey OVTT Increase Cost
Lower Persond Travel Codts Benefit
Loss of Hexibility for Midday Trave Cost
Added Utility of IVTT Bendfit
Less Stress Bendit
Purchase Full Price Pass Cost
Must Vist Vendor Monthly Cost

Table5: Costs and Benefits of Switching to Employer-Based Pass

Switch to Employer-Based Pass Benefit or
Cost?
Likey IVTT Increase Cost
Likey OVTT Increase Cost
Lower Persond Travel Codts Benefit
Guaranteed Ride Home Midday Benefit
Added Utility of IVTT Bendfit
Less Stress Bendfit
Potential Discounted or Subsidized Pass Bendfit
Can Purchase Pass a Work Bendit
Potentid for Pre-Tax Deduction Bendfit

Barriersthat Prevent Wider Adoption of Employer Pass Programs

Many employers perceive implementing a pass program to be a hasde, and unless participation
in such aprogram is required, they will not participate. 1t is hard to convince employers who
would prefer to focus on their business that they should start participating in a program that takes
time and money to implement, but has no clear effect on their bottom line.



In 2001, Grant et d. found that some employers perceived selling passes at their worksite to raise
program adminigtration costs, and were more likely to participate if there were convenient offsite
locations for employees to purchase passes that did not add the burden of any additiona tasksto
their human resources saff (Grant, Ecola, and Schroeer 2001).

A recent TCRP report found that unless monitoring of a pass program is mandated, very few
employers or Trangportation Demand Management planners are accurately tracking program
impacts. Additiondly, the report found that most god- setting in regard to TDM programsis
derived from public agency, and not employer goas. Employers seek guidance and find case
gudies and transportation coordinator training very hepful in implementing programs and
understanding their value. Thiswas found to be particularly true in areas that have ordinances
mandating certain behaviors from employers, who want to remain in compliance(COM SIS
2003).

These studies and many more confirm the success of the employee pass program. Appendix A
contains the details of the data collection and preliminary findings for the employee pass
program. Appendix B contains the details of the development of evauation logic.



I mplementing Employee Pass Program
The user of thistool may first develop some concept about case-based reasoning by reading
about it in the website. The introductory page of CBR is shown in Figure 10.

Figure 10: Introductory page for case-based reasoning

By dlicking on the hyperlink, ‘ case-based reasoning’ the user could read some genera
information about CBR. The hyperlink ‘take me directly to the tools, the user getsto the
webpage, where he sdlects employee pass program by clicking on that hyperlink.

This takes the user to the employee pass program webpage shown in Figure 11.



Figure 11:Introductory page for the Employee Pass Program

The hyperlink for the Employee Pass Program tool, takes the user to the next page, where he
selects between a number of options, to find the set of options that describe his case most
accurately. The sdected options are shown in Figure 12.



Figure 12: Optionsselected for Transit Pass Program tool

On clicking submit, the user getsto results page, where case sudies smilar to his are color-
coded in order of smilarity and displayed as shown in Figure 13. Users can see the degree of
matching stringency, e.g., atight or exact match is color coded green, a moderate match is shown

as ydlow and arelaxed match is shown asred.
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Figure 13: Case Studies selected by the Case-based reasoning tool

On clicking on any of these hyperlinks, the user gets detailed information about the case sudy.
Figure 14 displays the layout of such information on the webpage.



Figure 14: Details of a Case Study

3.2.2AVL/CAD

Advanced Public Trangt Systems (APTS) ded specificdly with improving public trangt. The
benefits of APTS can include improved productivity, improved safety, travel time improvements,
reduction in ar pollution, and increased trangt revenues. The cogts often involve capitd costs of
equipment, operating, and maintenance costs. We will focus on advanced vehicle location
systems and computer aided dispatch systems because they have been implemented fairly widdy
and provide us with areasonably large case-base. Advanced Vehicle Location (AVL) is
consdered a“fleet management” technology, meaning that AVL focuses on the vehicle,
improving the efficiency and effectiveness of the service provided, and on passenger safety.
AVL systems, in their most basic form, help track the whereabouts of vehicles on a network.
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While AVL has been in use since the 1960's, it has been through the recent introduction of
globd postioning systems and advanced communications technology that its use hasredly
begun to increase for trangt agencies. AVL is often dso closdy linked with computer aided
dispatch systems (CAD), which use communications systems and redl-time information obtained
from AVL about bus locations to assist operators in directing bus schedules, departures, and
arivas. While CAD has mostly been targeted at paratrangt systems, it has been used with
resulting benefitsin bus sysemsaswell. AVL and CAD can dso be combined with ATIS
systemsto provide travelers with red-time information about bus positions and scheduling.

With the abundance of anecdotd information from case-studies across the US, a substantial
amount of research has been done on the quditative, rather than quantitative, benefits of APTS;
however, there are afew comprehensive studies of note. Lehtonen and Kulmala focused on a
public trangt sysem in Helsinki, Finland which implemented a system that used a combination
of APTS gpplications: rea-time passenger information, bus and tram priorities a traffic Sgnas
and schedule monitoring (Lehtonen and Kulmaa, 2001). The results of their study showed that
the overal use of the system had a benefit-to-cost ratio of 3.3. More specificaly, the system
experienced reduced delay at sgnds and improved service rdiability, regularity, and punctudity.
On both tram and bus, the number of passengers increased from the before to the after studies. In
addition, they found 1-5 percent reductions in fud consumption and exhaust emissons. While
this study included severd APTS applications, other studies focus more on the benefits of a
single goplication.

Another comprehensive study, (Levine et d, 2000), studied the effects of an APTS deployment
in 1997 by the Ann Arbor (Michigan) Transportation Authority. This system, termed an

advanced operating system (AOS), included equipping “smart” buses with AVL and an on-board
emergency system, cregting a*“smart” operations center, and providing ATIS information to
make “smart” travelers. The results of this sudy found some improvement in on-time departures

and modest improvementsin transfer coordination for routes planned for timed trandfers.

Other studies of APTS have investigated the benefits of AVL and CAD. Jones reports that after
implementing AVL, Kansas City’ s buses experienced a 12 percent improvement of on-time



performance in asingle year; Milwaukee, Wisconsin, indicated that 28 percent fewer buses were
more than one minute behind schedule; and, the Mass Trangt Adminidration in Batimore,
Maryland, reported a 23 percent improvement in on-time performance by AVL-equipped buses
(Jones,1995). The Peng et d. evauation of the use of AVL on trangt in the City of Racine,
Wiscongn, found the system to have an overdl benefit-to-cot ratio of 3.0 (Peng et d.,1999). Its
use resulted in improvements of on-time performance, a reduction in passenger wait-time, and
reductions in operating and administration expenses. Dessouky et d examine how the use of
AVL, automatic passenger counters, and a system with information on connecting passengers
improve transfers (Dessouky et d,1999). They find that AVL improves timed transfers for buses
with longer headway and that dispatching strategies using I'TS can result in areduction in

passenger delay.

According to Weatherford, the Denver Regiond Trangportation Didrict (RTD) implemented an
AVL and CAD system, as well as an entirely new dispatcher-to-fidd communication sysem and
on-board slent darm, that resulted in the following benefits: a 12 percent decrease in the number
of vehiclesto arrive at stops early, a 21 percent decrease in passengers per vehicle who arrived at
stops late, and a 26 percent decrease in the number of customer complaints (Weetherford, 2000).
RTD aso saw a 33 percent decrease in passenger assaults and a 23 percent decrease in lost
sarvice hours due to improved accuracy of bus positioning and radio rdiability. Strathman et d.
focused on the benefits of the implementation of an AVL and CAD system at the Tri-Met agency
in Portland, Oregon (Strathman et a, 2002). These benefits included a 9.4 percent improvement
in on time performance a route fina destinations and a reduction in headway variability of 5
percent. Model results showed that “the AVL/CAD system alows the trangt agency to provide
the same leve of sarvice to agreater number of travelers with the same equipment, incressing

the effective capacity of the bus system”.

On the supply side, AVL and CAD have the additiona indirect benefit of providing an accurate
means to monitor system performance. Cathey and Dailey find that AVL could be used to predict
travel time and vehicle arrival and departures (Cathey and Dailey, 2003). Furth demonstrates
how archived AVL and automatic passenger counters (APC) data could be used to improve
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trangt performance and management (Furth, 2003). However, neither of these reports presents
quantifiable data on the purported benefits of AVL and CAD.

Gillen presents a comprehengve andysis of the benefits of AVL (Gillen, 2000). This study
identifies four prime objectives for the introduction of AVL by trangt agenciesin the US.

1. improved schedule adherence and timed transfers

2. more ble passenger information

3. increased availability of datafor trangt management and planning

4. the efficiency/productivity improvementsin trandt services
These objectives can be met with AVL since it increases the firm' s capability to monitor
information on vehicle position and operationd status. AVL can result in increassed fleet
utilization, reduced input factors such as fue, labor and capital, improved revenue planning and
efficiency through the use of on-board eectronic fare collection, and an overdl higher
productivity and lower costs. The study also found that AV L does have a pogtive benefit on the
number of passenger trips.

Researchers have yet to formalize the exact benefits and costs of APTS. Table 6 organizes the

results of the above studies by benefit category. For more clarification, Table 7 shows the
benefits of APTS to user, agency, and society by category.
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Table 6: Benefitsof AVL/CAD.

Source Location | B/C Delay Service Reliability Passengers Safety Air and Efficiency
Ratio Fuel
Levineet d . Ann Improved on time departures
83 Improved transfer coordination
= 2000 Arbor, MI
@p Lehtonen and Helsinki, 33 reduced Improved service reliability, observed 1-5 percent
T delay regularity, and punctuality increasein reduction
2 | Kulmala, Finland passengers
© 2001
Jones, 1995 Vaious Kansas City: 12 percent
improvement in on-time
performance
Milwaukee: 28 percent fewer buses
more than one minute behind
schedule
Baltimore: 23 percent improvement
<D( in on-time performance by AVL
Q equipped buses
SI Peng et a . City of 3.0 Reduction Improvementsin on-time Reductionsin
< . in performance operating and
1999 Reci ne, passenger administration
Wiscondgn wait-time expenses
Duky a Reduction Improve timed transfers for buses
in with longer headway
a., 1999 ssenger
delay




Weatherford,
2000

Denver,
CoO

21 percent
decreasein
passengers
who arrived
at stops late

12 percent decrease in vehicles
arriving at stops early

26 percent
decreasein
customer

complaints

33 percent
decreasein
passenger
assaults

23 percent
decrease in lost
service hours due
toimproved
accuracy of bus
positioning

Strathman et
al, 2002

Portland,
OR

9.4 percent improvement in on time
performance

5 percent reduction in headway
variability

Same level of
service to grater
number of

passengers

Cathey and
Dailey, 2003

Used to predict
travel time and
vehicle arrival

and departures

Furth, 2003

Archived AVL
and APC data
used to improve
transit
performanceand
management

Gillen, 2000

positive benefit
on passenger
trips

Increased fleet
utilization
Reduced labor
and capital
Improved
revenue
plannings
Higher
productivity and
lower costs




Table 7: Benefits of APTS by user, agency, and society.

Benefits ATIS | AVL | CAD
To User:
Reduction in uncertainty X
Increased safety X
Faster, better service
More tailored to needs X X X
Less wait-time X X X
To Agency:
Increased ridership X X
Reduced operation costs X X X
Improved service, X X X
paticularly religbility
Better sysem monitoring X X X
Better system performance X X X
Better safety X
Increased revenues X
ADA compliance X
To Society:
Less congestion X X X
Less pollution X X X
Better qudity of life X X X
(hedlth, peace of mind)
Less energy consumption X X X




Implementing AVL/CAD

To demondrate atrangt case, assume that planners from a smal-sized town are concerned about
trangt unreliability and rider ship. The town’s planners and engineers can be exploring the use of
AVL/CAD to improve their on-time performance and better manage their system. Firs, they can
examine the current PATH supported I TS Decision webste to receive information about
AVL/CAD projects (historical cases) and their benefits and/or AVL/CAD might be suggested as
aremedy for trangt unrdiability by the ITS expert sysem.

For the current context, the users will input their city Size, the number of busesin therr fleet and
the type of AVL technology they might be interested in, as shown in Figure 15. The weights of
each of these are as follows AVL Type (30%), Urban Form (40%) and Fleet Size (30%).

Figure 15: AVL/CAD webpage and options selected



The CBR system matches the historical cases to the present, inputted case, and provides a color-
coding of amilar cases. The weights used are: Urban Form 40%, Fleet Size 30% and AVL Type
30%. Again, users can see the degree of matching stringency. Thus the matched cases are

retrieved, ranked in terms of smilarity and displayed, according to the data structure developed
for AVL/CAD.

Figure 16: Casesretrieved by the CBR tool for AVL/CAD

Users can then search for the more detailed information contained in the historical cases. See the
following screen for case detalls.
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Figure 17: Details of one case study for AVL/CAD

Detailed information about the higtorica I TS cases was obtained from the interviews, literature
and other Internet Sites. Presently, we have case-bases for Freeway Service Patrols (FSPs),
AVL/CAD system, and Employee Pass Program. The cases aso contain quditative information
about degree of success, operationa problems and case-qudity is controlled by review of the

report or information by researchers.

3.2.3 Freeway Service Patrols

Freeway Service Patrols provide surveillance and incident/emergency management. Using

roving vehicles to patrol high incident sections of freeways, the purpose of freeway service
patrolsisto locate incidents, minimize incident duration, restore full capacity to the fadility,

reduce risks of secondary accidents to motorists and provide motorist assistance. In this capacity,



they have been congdered the single most effective dement of an incident management program
for reducing incident detection time and duration (Fenno and Ogden 1998). Purported benefits of
FSPs include reducing delay, congestion, fuel consumption, emissions, and the potential for
secondary accidents (Fenno and Ogden 1998). An additiona benefit of freeway service patrolsis

that they can provide a grester sense of security and safety among drivers.

Studies on freeway service patrols are often more specific when quantifying benefits and costs
than other studies of ITS gpplications. The effectiveness of freeway service patrols can be
measured by reductionsin delay, often through reductions in accident response and clearance
time, and associated benefits of reduced pollution and fud consumption. Early reports on
freeway service patrols indicate their relative success compared to their implementation costs. A
1994 study by the Minnesota Department of Transportation reports on the Twin Cities Metro
Area s Highway Helper Program. This report states that for an operating cost of only $600,000
the freeway service patrols reduced the time to clear sdls, the most frequent type of incident, by
as much as eight minutes, resulting in $1.4 million in time-savings. Cuciti and Janson dtate that
the sx month Courtesy Patrol Program in Denver, Colorado reduced traffic delay and had
caculated benefit-codt ratios between 10.5:1 and 16.9:1 depending on andysis assumptions and
the time of day (Cuciti and Janson, 1995). A 1996 FHWA report titled “Innovationsin
Trangportation and Air Qudlity: Twelve Exemplary Project” dates that afreeway service patrol
program in San Francisco begun in 1992 has decreased air pollution and reduced fudl
consumption by helping to reduce the effects of incident caused congestion, start-and-stop travel
and vehide idling. It has been estimated that the program has resulted in emissions reductions of
32 kg/day of HC, 322 kg/day of CO, and 798 kg/day of NOx. Another report prepared by the
ATA Foundation in 1997 presents information in its gppendix indicating that an incident
management program run in Chicago, IL with afreeway service patrol has resulted in savings of
9.5 million vehicle hours of delay over aone year period. Using a model, the report estimates
that areduced freeway service patrol that would only address mgor incidents would il result in

5.6 million vehicle hours of delay over a one year period.

Latoski et d. present results of the Hoosier Helper Freeway Service Petrol in Northwest Indiana
(Latoski et d, 1999). They found that the program’ s daytime operations have a benefit-cost ratio
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of 4.7:1 and 24-hour operations have a benefit-cost program of 13.3:1. Stamatiadis et a. examine
the success of the Massachusetts Motorist Assistance Program. They found the total benefit-cost
ratio of the program to be around 19:1 (Stamatiadis et a.,1998).

Fenno and Ogden compile one of the more comprehensive studies of the “gate of the practice”
for freeway service patrols (Fenno and Ogden,1998). From a telephone survey of nationwide
agencies with freeway service patrals, they found that reported benefit- cost ratios can range from
2:1t036.2:1 (Table 8).

Table 8: Results of Service Patrol Benefit-Cost Studies.

Courtesy Fenno and Ogden (1998).

Two related studies focus on Maryland' s freeway service patrol program: Coordinated Highways
Action Response Team (CHART). Chang et d. report that in 1997, CHART resulted ina
reduction of 15.6 million vehicle hours of delay and 5.85 miillion gdlons of fud (Chang et d

2000). Petrov et d. report that CHART reduced incident durations from 93 minutesto 42
minutes in 1999 and 77 minutes to 33 minutes in 2000. This meant savings of 23.36 million
vehicle hours of dday in 1999 and 24.24 million vehicle hours of ddlay in 2000 (Petrov et d.
2002).



Freeway service patrols are only one form of the use of ITS in incident management. Maas
presents findings on an incident management program enhanced by the use of ITSin Northern
Virginia(Maeas, 1998). Using the IMPACT modd to smulate the program’ s benefits, this study
found a 35 percent reduction delays. More importantly, the report concludesthat ITSin the
incident management program provides the grestest benefits in the early stages of the incident
management process. Dumke and Doyle report on the use of freeway service patrols in work
zones in Albuguerque, NM. They date that with the use of freeway service patrols, the average
response time was eight minutes, the average clearance time of 45 minutes was reduced by 20
minutes, and the project experienced no fatalities (Dumke and Doyle, 2001). Other formsof ITS
in incident management include the use of monitoring equipment and cdll phone reporting

programs.
From these studies, it can be seen that the use of freaway service patrols primarily resultsin

reduced incident delays, with associated benefits of reduce emissons and fuel consumption.
Table 9 shows a summary of the sudies on the benefits of freeway service patrols.
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Table 9: Benefits of Freeway Service Patrol by study.
Time-Savings

Source

Location

Incident

Duration

Fud

Consumption

Air Quality

Bendfit-Cost Ratio

MnDOT, Minn@o“s, - $l.4millionintime- | - Reduced by 8
savings min
1994 MN
Cuciti and Denver, CO ~ Between 10.5:1 and 16.9:1.
Janson,
1995
FHWA, San Francisco, - CO reduction of 322 kg/day
- HC reduction of 32 kg/day of,
1996 CA - NOX reduction of 798 kg/day
ATA ChiCEgO, IL - 9.5 million vehicle
. hours of delay over a
Foundati on, one year period
1997
Stamdiadis | Massachusetts ~around 19:1
eta., 1998
Fennoand | vaious - between 2:1 t0 36.2:1
Ogden,
1998
M aas, 1998 Northern 35 percent reduction
Lo delays
Virgnia
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Latoski et Northern Daytime operations: 4.7:1
24-hour operations: 13.3:1
al., 1999 Indiana
Chmg a Maryland 15.6 million vehicle 5.85 million
hours of delay and galons of fuel
a " 2000 5.85 million gallons
of fuel
Dumkeand | Albuquerque, average
clearance time
Doyle, 2001 | NM of 45 minutes
reduced by 20
minutes
Petrov et M aryland reduced incident
durations:
al., 2002

1999 — 93 minutesto
42 minutes, 23.36
million vehicle hours
of delay

2000 — 77 minutesto
33 minutes, 24.24
million vehicle hours
of delay in 2000




Implementing FSP

Assume that planners from a town are concerned about incidents and induced congestion that is
getting worse. The planners can be exploring the use of freeway service patrols to respond
quickly to incidents and mitigete the incident-induced congestion. First, they can examine the
current PATH supported I TS Decision website to receive information about FSP projects
(historical cases) and their benefits or they might become interested in FSPs because it was
suggested by the ITS expert system as aremedy for incidents and induced congestion. Figure 18
displays the general information appears a the FSP introductory page.

Figure 18: FSP general information

If the user wishes to further explore which higtorica cases are mogst smilar to thersina

systematic manner, then they can proceed further. For the current case, they will input therr city’s



context (Population, Incidents per year) and FSP attributes (Miles of roads to be served by FSP,
routes and number of FSP vehicles) asfollows:

Figure 19: FSP selected optionsfor specific case

The CBR system matches the historical cases to the present, inputted case, and provides a color-
coding of similar cases (see Figure 20). The weights used are as follows. Population-30%,
Number of Incidents- 20%, Miles of Road Served by FSP Program-20%, Number of Routes
served by FSP Program-10%, Number of Vehiclesin FSP Program-20%. Thus the matched
cases are retrieved, ranked in terms of amilarity and displayed, according to the data structure
developed for FSPs.



Figure 20: Similar cases selected by CBR tool for FSP

Users can then search for the more detailed information contained in the historical cases. For
instance, they might fed that another case is more smilar to theirs and would like to explore it
further. By clicking on it, they go to the screen that provides impacts information about the case.
The following screen displays information about the impacts of FSP technologies and the benefit
cogt ratio calculated for the Chicago case. It dso shows rdlevant quditative information in the
right hand pand. Thisinformation can increase the confidence of the user regarding what might
happen in their context, athough it in no way subgtitutes for doing a full-blown evauation and
cost- benefit andysis.



Figure 21: Details of case study selected

Idedlly, the user could specify the impacts of interest that are unknown for their current case, but
known in the higtorica cases. For example, they might be interested in (reduction in) response
times, clearance times, and incident-induced delays and any insights, avoidable mistakes, and
relevant lessons learnt. However, we did not have enough cases that gave such aleve of detall,

but in the future, such an enhancement should be considered.
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4. CONCLUSIONS & FUTURE ACTIVITIES

We have successfully completed the tasks by updating the ITS Decision webste and providing
the expert system and case-based reasoning tools. They demondrate the value of Structuring data
to provide ussful information to the user. In the future we intend to maintain and update the ITS
Decison webdte, refine the tools and add modeing tools to fully support a decison makers
cognitive process and help them make informed decisons.

Aswe conceptudized in PLANITS, the user will recaive information from the ITS Decision
webste and aso from the tools that can suggest solutions and provide information on how the
solutions have performed e sewhere. The next step, as depicted in the figure below is to add
modd s that will alow usersto estimate benefits and cogts for ITS technologies. The user will
then be fully informed and be able to make good decision aout whether to implement a
particular ITS solution.

Figure 22: Input for Informed Decision



We have devel oped the expert system and case-based reasoning as a useful tool. Based on input
from Caltrans, we will further develop the expert system and intend to add CBR for other ITS
technologies and services. The further development and maintenance can follow the pattern used
with the current contents of ITS Decison. As new information about services for which we
aready have case bases becomes available, we will update the case bases to include this
information. Asthe number of cases of particular ITS services becomes sufficient to support
case-based reasoning, we will add case-based reasoning for those services. The materid for the
case base development and updates will arise from our on-going monitoring of ITS

devel opments conducted to keep ITS Decision current.

Some other future work can be done on the CBR toal in generdl and the employee pass program
in particular. These are described in the following sections.

Incorporating Action Scenariosas Well As Environmental Factorsfor the CBR cases
Whilethistool currently works only with the Environmental Vector described by Khattak and
Kanafani, it can be expanded to include the Action Vector aswedl without needing to collect new

data. For example, if an employer conducted a willingness-to-pay survey among employeesto

see how much they would pay towards a trangit pass, and how much employees would like the
employer to subsdize, the employer could then enter the hypothetica payment amounts for each

into an advanced user input screen that would calculate Smilarity not only on environmental

factors, but dso on the smilarity of a proposed scenario.

Towards a Standard for Calculating Impacts of different technologies

With so many plamers and employers measuring different impacts of ITS programs, working
towards acommon set of metrics and methods to effectively measure using those metrics will

help improve the asmilarity calculations of the case-based reasoning Tool. The Smplest way to

do this, for example for employee pass program, isto start with an annua survey for employees
that asksfor their primary travel mode to work, the number of days per week they use that mode,
what cogts they incur for both travel and parking, and how long it takes them to complete their

journey from door to door, home to workplace. Once such information can be easily gathered
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and wdll-established on an annud basis, it will be much easier to track impacts such as mode
switches and VMT reductions.

Improving Program Cost-Benefit Analysis

While this project gathered alarge amount of data on employer programs, severa variables that
we were curious about were omitted in order to keep the survey to alength that was short enough
not to discourage participation. One of the most critica variables omitted was the cost of
implementing the programs, which tends to be difficult to track snce management of employer
pass programs is often a partnership between workers within an employer and afull-time person
a aTDM organization or trandt agency that works with many employers. Future research in

this area should try to capture the costs of running and administering programs so that the impact
on congestion per dollar for pass programs (and TDM in generd) can be compared againgt other
initiatives which are easer to track in terms of cog, like adding anew dation to aral line.
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APPENDIX A

DATA COLLECTION & FINDINGSFOR EMPLOYEE PASS PROGRAM
In order to obtain profiles of avariety of employer-based pass programs, a survey was designed
to be disseminated over the Internet to shorten the window of time used to gather data. The
survey targeted people who would be most likely to know the impacts of TDM programs at
particular employerss TDM planners, onsite employee trangportation coordinators, and trangt
agency employees. Since most public employees in areas with Sgnificant trangt service have
access to emal, it was assumed that alarge number of potential respondents will not be excluded
by not conducting a paper-based survey aswel. The survey was publicized using the TDM lig
serve managed by Phil Winters a the University of South Horida, as well asthe American
Planning Association’s Trangportation Planning Divison emal lig. A topic on the cyburbia.org
discussion forums was aso posted, and individuds listed in the Association for Commuter
Transportation membership book emailed. After aninitid flurry of 12 responses, the tota
gradudly roseto 30 valid responses. A drawing for two $50 amazon.com gift certificates added
an additiond incentive for TDM professionds to participate.

Of the 34 responses received, 30 were complete enough to be considered valid responses. Of the
30 vaid responses, 25 respondents said they would be willing to answer questionsin afollow-up
interview by phone or email. Of the 25 who agreed to a follow-up interview, 22 were

successfully completed. The web-based survey is presented in the subsequent pages.
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From Patrick MDonough [patrickl@nuail . unc. edu]
Sent: Saturday, April 19, 2003 12:15 PM

To: rlinsey@octa. net

Subj ect: UNC TDM Fol | ow- Up Interview. VERY Short!

Greetings-

Thank you for participating in the UNC TDM Study. Your input has been
extrenely valuable, and | am |l ooking forward to sharing the results
with all of you! You have been selected to participate in a foll ow up
emai | interview. The fastest way to conplete the survey is to reply to
this nessage, including the questions in the email, and wite your
answers bel ow t he questi on.

The followup consists only of 6 questions, 5 of which can be answered
using 1-2 word answers. For each question, consider the enpl oyer

| ocation you profiled in the UNC TDM Survey. |If you do not renenber
whi ch enmpl oyer you profiled, please open this link to find a |ist,
sorted al phabetically by respondent’'s first namne.

http://ww. pat h. ber kel ey. edu/ ~l eap/ cbrtool /data_to_array. asp

Wal ki ng Questi ons:

1. How long does it take (in mnutes) to walk fromthis location to

t he nearest bus stop?

2. How long does it take (in mnutes) to walk fromthis location to
the nearest rail station?

3. What statenent would nost |ikely be used by enpl oyees to describe
t he pedestrian environment near this |ocation?

(choose A, B,or O

A. | can easily walk to transit from my workpl ace. There are adequate
si dewal ks and crosswal ks and | feel safe when wal ki ng.

B. I can walk to transit fromny workplace, but it is not always easy.
There are sone pedestrian anenities, but crossing streets can be
difficult or dangerous. At certain places on nmy walk, | feel that
pedestrian safety could be inproved.

C. It isdifficult to walk to transit from my workplace. There are
very few sidewal ks and crosswal ks, if any, and | feel endangered by
traffic or other hazards throughout the walKk.

Par ki ng Questi ons:

4. \What statenent would nost |ikely be used by enpl oyees to describe
the parking situation at this |ocation?

(choose A, B, C, orD)

A It is easy to find a parking spot at this location, and I do not
have to pay to park.

B. It is easy to find a parking spot at this location, but | have to
pay to park.
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C. It isdifficult to find a parking spot at this location, but | do
not have to pay to park.

D. It is difficult to find a parking spot at this |ocation, and | have
to pay to park.

5. If parking is not free, how nuch do enpl oyees pay to park?

(pl ease provide an answer in the followi ng format: $2/ hour, $5/day,.
$X/ month, etc.)

Voucher Question

6. Does this workplace have a transit voucher programthat allows
people to buy transit nedia using vouchers for 10-ride books of
tickets, tokens, or other fare nedia that are not constrained by tine
(as opposed to a pass which is only good for the nonth of June, etc.)?
If so, can you descri be how nost enpl oyees use the transit vouchers?
If you have any questions you would like to ask about the study or the
followup interview, please contact ne.

Patri ck McDonough

Carolina Transportation Program

919- 967- 5029

patrickl@nc. edu

http://ww. unc. edu/ ~patri ckl/
file:///IC|/WINDOWS/Desktop/Final TDM Survey Docs/UNC TDM Follow-Up Interview VERY Short.txt



Findings from the survey
Correlations of I nterest

While there were not enough respondents to do regression analysis, 2-tailed correlation tests did
yield afew interesting results. They are summarized in Teble A.1.

Table A.1: Correlations of I nterest

Variablel Variable 2 CorrelationSig. (2-tailed)
Mandated Program Office Park 0.523 0.003
Amount Employer PaysPer MonthCompressed Work Week  0.546 0.003
Light Rail Presence Physical Rail Proximity -0.559 0.006
Mandated Program Light Rail Presence 0.479 0.007
Pretax Deduction Availability  Physical Rail Proximity 0.553 0.009
Commuter Rail Presence UsersPer 1000 Employees 0.537 0.010
Rideshare Program UsersPer 1000 Employees -0.539 0.014
Amount EmployeePaysPer MonthOffice Park 0.433 0.024
Commuter Rail Presence Urban; Non-CBD 0.398 0.029
Monthly Parking Cost Guaranteed RideHome  -0.454 0.038
Multi-Transit System Pass UsersPer 1000 Employees 0.453 0.039
Metro/Subway Presence UsersPer 1000Employees 0.443 0.045

All the correlations occur at the 95% confidence leve or above, and while there should definitely
be more study to better determine the nature of these relationships, afew reationships stand out.

Firg, the multi-agency trangit pass strong correlation with participation in pass programs (Users
Per 1000 Employees) follows Fitzroy’ s findings in Frelburg, Germany, which are mentioned at
the beginning of Section 2 of this sudy (FitzRoy and Smith 1998). Pass programs with greater

regiond access should garner more participation.

The correlation between subways and commuter rail and participation is also expected, asthese
two rail modes usudly offer the highest level of speed among the different types of rail.

The correlation of mandated programs and office parksis significant, asis the correlation of
higher employee payments for trangt passes and office parks. One hypothesisto explain these
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results isthat office parks typicaly have lots of parking subsidized by employers available a no
cost to employees, and employersin office parks are therefore less willing to subsidize trandt as
wdll.

Findly, light rail has avery sgnificant positive corrdaion with mandated programs and an
equaly sgnificant negetive corrdation with proximity to ral sations. This could be because
many light rail syssemsin the United States have been condructed in the last 20 years, when
more automobile-oriented land use patterns have been the predominant form of devel opment.
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APPENDIX B

DEVELOPMENT OF EVALUATION LOGIC FOR EMPLOYEE PASS PROGRAM

In order to use case-based reasoning to evauate the smilarity of individual cases to user input,
Microsoft’s Active Server Pages web programming platform was used to build aweb-based
computer goplication. The web gpplication has asmple interface with lessthan 5 screens. The
screen that displays the results dso calculates the smilarity of the input caseto dl casesin the
case base before printing the results to the screen. The next few paragraphs explain how
amilarity is cdculated.

For each of the input factors requested on the data entry page, a subroutine in the application
compares the value of an individud input factor to the corresponding factor for the current case
inthe case base. If the smilarity of the input factor and the factor and the current caseis
identical (for nomina variables) or very close (for scalar variables), that factor receives a
amilarity score of 100. The amilarity score for the factor isthen multiplied by the weight of

that individud factor, and the product is sent to another subroutine which sums the smilarity of
the factors to produce a smilarity score for the current case. The Figure B.1 demongtrates this
process with the Urban Form factor. The dgorithm then moves to the next case and repeats the
process. After caculating the amilarity of the input case to dl the exigting cases, it ordersthem
from strongest smilarity to weekest smilarity usng a bubble sort procedure.



FigureB.1l. Factor Score Calculation and Output for Urban Form Factor
How Scores Were Developed For Factors

Of dl the parts of the Employer Pass Program Tool, assigning scores to represent various
degrees of smilarity was the most subjective. With each factor, an input response that was
identical to the factor value of the current case was assgned afactor smilarity score of 100.
With scalar variables, in particular number of employees, ranges was congtructed. For example,
if the difference between the input employee number and the current case employee number was
less than 150, the current case received a score of 100 for thisfactor. With a difference of 151-

250, the current case received a score of 85.

Calculationsfor Individual Factorsin the Employer Pass Program T ool

In the tool, each individua factor score is multiplied by aweight, which, for a perfect
meatch, achieves a score of 100 multiplied by each individud factor weight to yied an overdl

samilarity score of 100.
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This gppendix explains how scores are dlocated for Smilarities between casesin the case base
and theinput case. They are broken down by factor below.

Number of Employees Factor

In the toal, this factor accounts for 10 percent of the overdl smilarity score. Whichever
individua smilarity scoreis generated by the input case and a specific case in the case base, that
scoreismultiplied by .10.

Smilarity for this factor depends on the absolute value of the difference in the number of

employees. The Table B.1 shows the scores.

Table B.1: Scores correspondingto different number of employees

Differencein Number of Employees Individual Factor Score
Lessthan 150 100
151-250 85
251-400 70
401-600 55
601-1,000 30
1,001-10,000 15
Over 10,000 0

Walk to Rail Factor

This factor accounts for 15 percent of the overall smilarity score. Whichever individua
smilarity scoreis generated by the input case and a specific case in the case base, that scoreis
multiplied by .15.

Similarity for this factor depends on the absolute vaue of the difference in time, in minutes, that
it takes to walk from the employer to the nearest rail Sation. Table B.2 shows the scores.
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Table B.2: Scores corresponding to different durationsto walk torail

Difference In Number of Minutes Individual Factor Score
Walking to Rail
Lessthan 3 100
3-6 85
7-10 60
11-15 45
More than 15 minutes 0

Parking Situation Factor

Thisfactor accounts for 35 percent of the overdl smilarity score. Whichever individua
amilarity score is generated by the input case and a specific case in the case base, that scoreis
multiplied by .35.

Smilarity for this factor depends on the Smilarity of two dimensonsin one factor. One
dimengion is parking price, and the other is parking supply or availability. For amatch on either

dimenson, theindividua smilarity score receives 50 points.

For example, if both the input case and the current employer in the case base have free parking,
but alow supply of parking, the smilarity score for theindividua factor is 100. However, if

both have alow supply of parking, but one of the two charges for parking and the other does not,
then the individua factor scoreis only 50, because the pair only matches up on one of the two
dimensions. (supply and cost) If the input case and a case base employer are complete opposites,
such as a suburban office park employer with abundant free parking and a centra city business
digtrict firm which has limited park and charges employees to park, then the pair are dissmilar

on both dimensons, and the individua factor scoreisO.



Urban Form Factor and Premium Transit Factor

Thefind two factors fluctuate in weight based on whether or not the most premium form of

trangt near the employer is some type of heavy rail- metro, subway, or commuter rail. Heavy

rail ismost likely to be completdly grade separated and offer Sgnificant time travel premiums.

If heavy rail exigs, the premium mode factor isweighted at 25 percent of the overdl score while

urban form is 15 percent. If there is no heavy rail, the premium mode factor isweighted a 18

percent while urban form isweighted at 22 percent of the overal score. For greater discussion of

why thiswas done, please see section 4.5 of the paper.

The urban form factor scores are listed in the table below. The relationshi ps between the urban
forms and their scores are reciprocal. It does not matter whether the input case or the case base

employer is consdered as Casel or Case 2.

TableB.3: Individual Factor scoresfor different urban forms

Case 1 Urban Form

Case 2 Urban Form

Individual Factor Score

Identicd (any urban form) Identicd (any urban form) 100
Urban, Non-Downtown Urban, Downtown 65
Suburban Office Park 40

Any reationship not listed in this table, such as Rurd/Downtown or Suburbar/Urban, Non-
Downtown receives ascore of 0. The premium trangt mode factor scores are listed in the table

below. The relationships between the modes and their scores are reciprocal. 1t does not matter

whether the input case or the case base employer is consdered as Casel or Case 2.

TableB.4: Individual Factor scoresfor different premium transit

Case 1 Premium Transit | Case2 Premium Transit | Individual Factor Score
Identical (any mode) Identical (any mode) 100
Metro Commuter Rall 70
Light Rall Express Bus 50
Lignt Rall Bus Repid Trangt 50




All other pairings, such as case 1 having a subway and case 2 having only express buses,

produce a score of 0.

In the case where there are premium modes from both the heavy rail and non-heavy ral groups,
the weights for the heavy rail groups and scores take precedence.

How Weights were Chosen for Factors

Once the scores were congtructed for each factor, it then became critica to decide which factors
would carry the most weight in caculating the smilarity of the user input scenario to individud
casesinthe case base. Since there were not enough cases to run linear regression anaysis,
expert judgment was used to determine how factors would be weighted, somewhat like the
process described by Redmond and Baveja for the police department CBR system.  Impacts of
the programs were not included as factors, nor were they included as factor weights.

Expert Panel Results

Severd transportation experts were contacted and asked to participate in an Expert Panel over
emall, where they were presented with 10 factors that may or may not lead to increased
participation in employer-based pass programs at an individual worksite. The pandl was asked to
rank the factorsin order of most influentid to least influentid.  The results of the Expert pand

are shown below, with lower numbers indicating a higher leve of influence on employer pass
program participation. In Table B.5, scores closer to zero (0) indicate a greater influence on
employee participation in a pass program according to the expert panel. Scores closer to one (1)
indicate awesker of influence.

Table B.5. Expert Panel Factor Rankings

Factor Expert Rankings
parking cost .28
express bus availability 34
parking supply 34
transit cost .38
walk time to rall 42




urban form (CBD, urban, suburban, rurd) .50

physica diganceto rall 54
walk timeto bus .56
employer type (private sector, government, college, etc) .86
# employees a worksite .94

Expert Group Participantss N =5

Correlation Results

In addition to the Expert Pandl, 2-tailed correlations were dso run for dl the mgor variablesin
the survey. Of the corrdations, the presence of asubway or commuter line had a sgnificant
positive correation with participation in pass programs, as did passes that could be used with
more than one trangt agency. These indghts aso informed the values assgned to the factor
weights.

Insight about Employer Size from Survey Data

While neither the Expert Pand nor the corrdations emphasized employer 9ze as asgnificant
variadble related to participation, the findingsin the literature thet cite adminidrative hasde asa
chief barrier to program implementation, which is strongly echoed in the responses in this studly.
Therefore, it seems reasonable to place some weight on employer Sze that will help account for
the relative smilarity of bureaucracy that needs to be penetrated at a workplace to set up a pass

program.

Rationale for Final Factor Weights

The final weights chosen for the factors are shown below in Table B.6.



TableB.6. Final Factor Weights.

Factor Premium Rail No Premium Rail
Parking Situation 0.35 0.35
Premium Mode Availability 0.25 0.18
Walk time to nearest rall 0.15 0.15
Urban Form 0.15 0.22
Number of employees 0.1 0.1
1 1

In addition to strong consderation from the Expert Pand, literature supported the ranking.
Michad Meyer found in a TDM literature review in 1999 that parking pricing was one of the
mogt effective TDM drategies for reducing sSingle occupant vehicle trips (Meyer 1999). Itisadso
the principd financid variable among the commuting environmenta factors associated with a
workplace. Therefore, the parking Situation, encompassing both parking supply and parking cost
was weighted as the most important factor with a 35 percent factor weight.

The Expert Pand, the corrdations, and common sense dictate that premium travel modes such as
high-speed rail and express buses should aso have higher weights. Thisweight wasset upina
two-tiered process. If thereisacommuter rail or metro station within walking distance, the
premium mode factor gets assigned a 25 percent weight. As express buses are less attractive
than these 2 forms of rail, and light rail often moves a lower speeds, sometimes sharing right- of-
way with regular traffic, these premium modes were assigned a factor weight of 18 percent in the
absence of the two top rail modes.

The next factors had smilar scores in the Expert Pandl: walk time to rall and urban form. Walk
timeto rall was used instead of physical distance to rail because more people answered the walk
time question than the mileage question in the survey- it is a more human-oriented metric, and
people sometimes have trouble judging the difference between a quarter-mile and ahdf-mile
When neither of the top 2 rail modesis available, the urban form variable picks up extraweight
in light of the fact thet light rail stations were found to be corrdated with grester distance from

employers.

87



Findly, the employer Sze variable isincluded to help adjust the smilarity scoresfor the likely
barrier of adminigtrative hasdes of implementing the pass program. 1t will be more beneficid to
present results that dl other things being equd, will have a smilar-sized bureaucracy as the input

scenario.

Program Impacts- Reported and Calculated

To keep the survey brief, the survey asked for only three pieces of information that tracked
impacts: the number of people who switched from driving done in the past 2 years, the number
of people who participated 5 days per week, and the total number of people enrolled in the pass
program. Only 13 respondents answered the first question. 18 answered the second. However,
28 out of 30 respondents knew the full number of participantsin the program. Thisisthe
number on which dl the calculated impacts are built in the tool.

Using the total number of participants, severd other impacts were caculated. Firg, the
participation in each pass program was normalized by dividing the number of participants a the
employer by the number of employees a the employer. Then, the resulting fraction was
multiplied by 1000 to yield a“participants per 1000 employees’ figure. In cases where the
employer provided every employer with a pass, this figure was not ca culated because the math
yields a 100 percent result, even though it isimpossible to determine how many people use the
pass as opposed to Smply possessing the pass. The participants per 1000 employees ranged
from alow of 4 at the City of Santa Rosato 811 at the Federd Transt Adminigtration. The
average number of employees participating per 1000 was 190.

Next, impacts on Vehicle Miles Traveled (VMT) and air quaity were cdculated using data from
other sources, including the EPA, the 1995 National Persond Transportation Survey (NPTS),
and the 2000 Census. Using the data localization tool from the 1995 NPTS, tota dailly VMT was
caculated for each of the Metropolitan Statistical Areas (MSA) where the employers were
located. To determine the average VMT per person inthe MSA, the VMT from the MSAs was
divided by the population above age 18 in each MSA. This produced atop vaue of 29.52 miles
per person per day in Tulsa, OK MSA, and alow vaue of 22.14 miles in the San Francisco



MSA. Thetota number of participants at each worksite was multiplied by the average VMT per
person in the MSA to determine daily and annual VMT reduced at the employer. These
employer-wide VMT numbers were then multiplied by the average hydrocarbon, carbon
monoxide, nitrogen oxide, and carbon dioxide emissons for cars and light trucks according to
the EPA(EPA 2000).

Systematic Error in Calculations

The calculated impacts are subject to some degree of systematic error. First, sncethe VMTs are
cdculated usng numbers from 1995, and the population is from 2000, the larger populations of
2000 arelikdy to artificidly lower the dally VMT per person number. Thereisdso error inthe
opposite direction, as the NPTS black-box style spreadsheet used to caculate the VMT in MSAs
usestotal daly trave, not commuting travel. Thiserror islikely to atificidly rasethe daily

miles assgned to commuting, which the tool triesto examine. These errors demondtrate the

need for more direct information on the length of commutes a individua employers, which will
gregtly improve the ability of planners and researchers to quantify impacts.

How the Results Are Presented

After the smilarity cdculations are performed and sorted, they are output to the screen in order
of overd|l amilarity, with hyperlinks from the names of the employersto detail pages about the
individua employer. Datafrom the input categories for each returned caseis displayed to the
right of the amilarity score. In the future, the tool will be enhanced to dlow sorting by smilarity
on individua factors, or by limiting the response set to only certain cases, such as*“only colleges

and univergties”
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APPENDIX C

Caltrans presentation



ITS Decision Website:
TOOLS

www.calccit.org/itsdecision

Presentation to Caltrans

Asad Khattak
Ashkan Sharafsaleh




What is ITS Decision?

e Web-based support for ITS decision making &
Implementation

e |ITS Mainstreaming
e Designed for:
— Professionals, planners, & engineers
— Researchers & the public
e Tools to help potential implementers determine:
— How well it worked elsewhere
— What will work in their area




What is the ITS Decision Process?

ITS Decision

L 7
ITS ES

J L i
User
ITS CBR Coganition

J L il
B/C Model






















Tools...

ITS Decision

J L ]
ITS ES —

J L i
User
ITS CBR Coganition

J L il
B/C Model

—

- - % - - -
California \enter Tor Innovative Transpnr‘tatlon



Matching ITS to Users’ Needs: ES & CBR
e EXxpert System

— Problem: Itchy skin, hives

— Context: Have others at your work
experienced this? How long has this been
going on? Family history?... + Tests

— Diagnosis: Allergy

— Prescription: Take antihistamines twice a day

e Case-Based Reasoning

— Studies: (1) on 25-55 age group (2) on 65 and
above age group (3) on females only







Expert System process

Problem: Congestion Context: Where, alt routes;
when...

A 1T

Diagnosis: Incident delays on
XYZ roads between ... times

J L

Remedy:
FSP at such & such times...

ifornia -enter Tor Innovative | ransporiabion



Tree structure

Q 1: Congestion: Recurrent or non-recurrent?
J L

Q 2: Alternate routes? >
ags

Q 3: At What times? >

Dlagn05|s

>
~ -
VMS | | AVL >

ifornia -enter Tor Innovative | ransporiabion
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Moving on to case-based reasoning...

e Answer to “Who else has tried it?”

e Focuses on similarity

e Qualitative and guantitative information combined
o User may not be familiar with the context

r r innovative | ransporiabion



Should my city implement freeway
service patrol?

I Need to weigh:

‘-— -how many travelers might use it?
-costs of administering program
-benefits of program & techs

-what operational problems have
others (in similar situations)
encountered?

California Center for Innovative Transportation



Example: Do Your Own Research

e Attend Conference:

-hear about other
Implementations

-talk to those who already
run FSP programs

e Read documents:
-study results o
-review cost/ber

2Cts

(‘E
California Center for Innovative Transportation
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Our CBR Tool: Tech Overview

ifornia _enter for Innovative Transportation



Our CBR Tool: Input For FSP

ITS Decision

A Gateway to Understanding and Applying Intelligent Transportation Systems

Freeway Service Patrols

Case-hased reasoning tool to recommend FSP Strategies

Enter your city's population

Enter ¥our Mumber of Incidents Per Year

Enter the Mumber of Miles of Road Served by Your FSF Program
Enter the Mumber of Routes you Sere with your FSF Program
Enter the Mumber of FZF Yehicles in your FSP Program

Subrmnit |

102000

|1 27

|12

z

Hosted by the Institute of Transportation Studies at
the TTversity of Calforma at Berkeley and Caltrans

ﬁ- i
California Center for Innovative | ransporiation
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AVL/CAD Systems
M

AVLICAD Systems
SIMILARITY SCORES

Befare implementing an AVL/CAD System, you should examine what has been done in these cities:

Similarity  # Busesin Urban Eorm Size of Entire
Score Local Service Fleet

NA Small Urban Less than 50

City of Napa 15 Stnall Urban Less than 50

AVL Implementation

Your Existing Conditions

City of Albeguerque 72 small Urban 101 to 200
san Joaguin Regional Transit Large Urban 101 to 200
Hamilton Street Railway Large Urban 201 to 500

Maryland Mass Transit Administration Large Urban Mare than 500

Fun This Toal Again

-
California Center for Innovative Transportation



Our CBR Tool: Planner Input For
Employer-Based Pass Programs

(‘E
California Center for Innovative Transportation



Results with Similarity Scores

ifornia _enter for Innovative Transportation



Qualitative Info

ifornia _enter for Innovative Transportation



Data collection instrument

ifornia _enter for Innovative Transportation



TDM Example

(‘E
California Center for Innovative Transportation



CBR Summary

e CBR: Are there similar cases?
e What have others done in similar situations?
e Quantitative + Qualitative information
e Currently pursuing
— AVL/CAD
- FSP
— TDM (Employee Pass Program)

California Center for Innovative Transportation



Cost/Benefit

ITS Decision

J L ]
ITS ES —

J L i
User
ITS CBR Coganition

J L il
B/C Model

—

- - % - - -
California \enter Tor Innovative Transpnr‘tatlon
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Edit  Wiew Insert Formak  Tools Daka  GoTo Favorites Help

ack - =p - @ ot | aﬁearch (3] Favorites @Media @ | ﬁ %v = M=

=R -E_ﬁ"l hikkps v, dak,ca, gov fhgftppfplanning_tools/Cal-BC, xls j @GD Lin
A1 - =
%BI c | D I E I F | & | H Jifufk[L]M] M | o | Pp Jaf R [ s |1 U | W I
o Districk: Eimter sl oo
EA: Firoeat oot i
PROJECT: i Hypothetical Project FPMO:
PROJECT DATA CIc HIGHWAY ACCIDENT DATA e
Fepe of Froject Enter "™ Aatuaf J- Year Aoeident Fiata for Fackiitg Cal. ra. (11
Highay HOY Lane R eztrict] G (] Pee ] b
Fassing Lane A Fatal Aceidents 0.01 IN
Interchange [Enker ZarX] Injury Accidents 034 Tear FProject
Bypass Froperty Damage Only [FOO0] Accidents 0.54 Support
OthertGeneral Construction Begins
Sratewide Ayerage for HigAwag Cfasciffealion 0
Transit Fazsenger Rail Excluzive Exizsting Mew 1
Light-Rail [LRT] Aecident Rate [per million vehicle-miles] 2
Bus Fercent Fatal Sccidents 3
Fercent Injury Accidents 4
FProfect Loeatfion [enter 1For $o. Cal, 2 for No. Sal, or 3 For rural] 5
E
Lengrd of Consfraciion Ferica T
TRANSIT DATA Froject Dpens
1
Lengrh of Feak Perfedfs} (upto 8 hrs] Anpuaf Ferson- Frips 2
wilo Project wi Project 3
Baze [ear 1) 4
Forecast [ear 20] 7]
HIGHWAY DESIGN AND TRAFFIC DATA FPercent Trips curing Feak Perics 39% E
Farcent Mew Frips from Paralfef Highwag 00z T
Fighwar e sign Existing Mew g 3
Mumber of General Traffic Lanes Aonoal ¥edicle-Ades 9 -
Mumber of HOW Lanes wio Froject wl Fraject i
Free-Flow Speed 1] Baze [Year 1) 1
Forecast [ear 20] 12
Length [in miles] Aperage FedicfesAFraim [if rail project] 13
Highway Segment 0.0 14
Affected Area 0.0 Feguefion in Fransit Accidenis 15
Ferzent Reduction [Far safety projects] &
Average fRaify Fraffic . 7
Current 15
wio Project  wi Project Auerage Fransit Fravel Fime L]
Base [ear 1] 0 0 Inezluding transfers [in minutes) Exizting lew 20
Forecast [ear 20] 0 Mon-Feak 0 Total 0 ¢
Aperage Heourfy FEY Fraffie [if HOV project] 1] Feak o
Percenl Frocks [include BYs, if applicable] e 9
Frock Speed [it passing lane project]
(o A o aars i it 303
[ | M Instructions % 1) Project Information ¢ 2) Model Inputs E 3 Resulks E Travel Time E ‘ehicle Op | 4 Tv

I_ I_ I_ |4 Urknown Zone




Edit  Wiew

Insert Data

o Ta

Favarites

Help

ack - =p - @ ot | aﬁearch (3] Favorites @Media @ | ﬁ %v = M=

=R ’-Gj hikkps v, dak,ca, gov fhgftppfplanning_tools/Cal-BC, xls j @GD Lin
Al |
[u] [ F T W [ W x i Z a8, AE AC AD |8 AF AG
LEimter sl oy conte min fosp e crlisns i ooebemmte S T e i e i S e ertare i e S Sl novns
E A, ERepEc et (AT TR TR S R ST e S e e o e it syt
FPRO:
' DATA e PROJECT COSTS
Cal.na. 0] 3] &3] 14 (5] 3] 7
Count [Ma.] Fiat: DIRECT PROJECT COSTS
0.0 INITIAL COSTS SUBSEQUENT COSTS TOTAL COSTS
034 Tear FProject Maint_? Other Constant Present
0.E4 Support Riw Construction Op. Rehab. |Mitigation: Costs Dollars Yalue
Construction Begins
Fera] 0 < -- Must enter a cost - 0 0
Exizting Plew 1 0 1]
2 ] 1]
3 0 i]
4 ] 1]
5 0 i]
E ] 1]
7 0 ]
FProject Opens
1 ¥0 F0
2 ] 1]
wio Project wi Project 3 0 1]
4 ] 1]
5 0 i]
38 E ] 1]
1003 7 0 i]
2 ] 1] k-
k] 0 i] -
wio Project wi Project 10 0 i
11 0 i]
12 ] 1]
13 0 i]
14 ] 1]
15 0 i]
16 ] 1]
17 0 i]
18 ] 1]
19 0 i]
Existing Pl 20 0 i
a Total 0 : 30 : 30 30 F0 30 F0 F0 30
a

F | M % Instroctions

1) Project Information / 2) Model Inputs # 33 Results # Travel Time £ Yehicle ICtl|:| 1

ne fin Constant Dallars]

I_ I_ I_ |4 Urknown Zone




Decision Support Tool Candidate Sites

I-26 and [-40 Asheuville 1-440 Raleigh
4-lane facility » 6-lane facility
15 miles in length e 12 miles in length
64000 ADT 82000 ADT
303 crashes per year
4 FSP vehicles (estimated)
B/C = 2.7 (Net worth $410K)

712 crashes per year
3 FSP vehicles (estimated)
B/C = 3.3 (Net worth= $420K)




What is the ITS Decision Process?

ITS Decision

J L

T

ITS ES

J L

T

ITS CBR

User
Coganition

J L

T

B/C Model

———)

Informed
Decision




What Next?

e Combine Expert System and Case-Based
Reasoning with B/C Models

e Expand ES & CBR to 32 ITS services—or
at least “high-impact & proven” ITS
services

e EXxplore opportunities to collaborate...
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