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Preface

This report presents a project overview, chalenges and lessons learned for

implementation of ITS technologies a the Montachusett Area Regiond Trandt Authority
(MART).

In completing the assessment, we reviewed the planning, procurement, and
implementation process used in completing the AVL/MDT pilot program.
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1 Acronyms

ADA
AVL
CAD
CDMA
CDPD
DOT
DSRC
FTA
ITS
MART
MDT
MPO

NTCIP

RF
TCIP

American with Disabilities Act

Automatic Vehicle Location

Computer Aided Dispatch

Code Divison Multiple Access

Cdlular Digitd Packet Data

Department of Transportation

Dedicated Short Range Communications
Federd Trangt Authority Adminigtration
Intelligent Trangportation System
Montachusett Area Regiona Trangt Authority
Mobile Data Termind

Metropolitan Project Office

Nationa Transportation Communications for Intelligent Trangportation Systems
Protocol

Radio Frequency

Trangt Communications Interface Profiles
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2 Executive Summary

In August 2000, the Montachusett Area Regiond Trangt Authority (MART) received a
grant from the Federd Trangt Adminidration (FTA) to deploy a pilot program for an
Automatic Vehicle Location (AVL)/Mobile Daa Termind (MDT) (AVL/MDT) system
and to integrate this sysem with ther exising reservation and dispatch sysem. The god
of the project was to support MART's ITS objective of enhanced and expanded
transportation and transt mobility. MART was assged with contractor program
management support to extend their interna gaffing to address the specific needs of this
project.

A dructured procurement and implementation process was initiated with the following
mgor tasks:
P Reguirements Assessment and Statement of Needs
ITS Technology assessment
Procurement Plan
Deployment Alternatives Andys's
Specifications Development
Procurement
Desgn and Implementation
Test
Traning
Operations Planning
Maintenance and Warranty

U U UUUUUUTUTUTU

The program included procurement of a new AVL/MDT system and the upgrade of the
exising MART digpatch and reservation system to provide a compatible interface.

MART began ther project in August 2000 with the hiring of a consultant to ass4 in
planing and executing ther ITS program. The consultant was responsble for the
engineering andyss, desgn, procurement package and overdl management of the
deployment of the AVL/MDT sysem and integration of the new technology with the
legacy reservation and dispatch system.

In December 2001, MART initiated, through competitive procurement, a contract for 15
AVL/MDT systems and issued a contract modification to an existing contract to upgrade
the reservation and dispatch systems. Integration of the two systems and conducting
forma system testing proved the most technicd chalenge for the program. A Sgnificant
portion of the existing reservation and dispaich system was proprietary and lacked system
documentation. Taking advantage of the enhancement initiative, MART was able to
upgrade documentation of the existing reservation and digpaich systems, as wdl as obtan
proper documentation for the new AVL/MDT systems. Obtaining these documents are
critical to MART as they move forward with continuation of ther ITS program with the
addition of more AVL/MDT systems.
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After inddlation, integration, informa testing and training, MART completed the formd
testing program in three months.  MART commissoned their sysem in November 2002
with an initid fleet of 15 vehicles equipped with an AVL/MDT system, 4 AVL Tracking
workgations, and an upgraded reservation and dispatching system. The tota pilot
program, beginning with assessment of the agency requirements through deployment and
commissioning of the new and upgraded systems, took 27 months.

MART's exiging communications sysem was found inadequate in supporting the new
ITS technology. Upgrading the existing communications sysem to support the pilot
program was cost-prohibitive.  After invedigating dternaive technologies, the program
chose to implement the use of a commercid communications technology available in the
service region.  During testing, it was noted the commercid communications service was
not as rdiable as plaaned. MART may review newer commercid communications
technologies (e.g., CDMA-2000), as they become available in the service region.

No sysdems that incduded the Nationd Trangportation Communications for Inteligent
Transportation Systems Protocol (NTCIP) Transt Communications Interface Profile
(TCIP) gandards as part of the off the shdf sysem were proposed during the solicitation
process. Because use of the TCIP standard was not required by the FTA, the TCIP
standard was not yet complete, and the program comprised only 15 systems, MART did
not require the bidders to upgrade their systems to support the procurement.

Panning the agencies operaiond concept was and remains the most criticd sngle
chdlenge for MART. Because the pilot program was deployed on less than 10% of
MART's fleet, there is a need to operate in “cut-over” mode - mantaning the old
operational procedures, while melding new operationd procedures into the daly
opeations.  This has resulted in increased workload for the dispatchers.  The
requirements assessment for the digpatich and reservation sysem was developed with
limited user input, which resulted in limiting the redlization of the full benefit of the new
technology to cut processing time for reservations and enable quick changes in driver
assgnments.  Acceptance and use of the new technology is criticd to redize MART's
ITS program gods. As they increase the presence of the new technology with additiona
sysems, the differences in operationa procedures will converge and the workload will
lighten.
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3 Background

MART was egtablished in 1978 to provide public transportation to the 18 Massachusetts
communities of:

Fitchburg Ashby
Leomingter Lunenburg
Gardner Shirley
Royaston Ayer
Templeton Littleton
Winchendon Lancaster
Hubbardston Serling
Wesminger  Hardwick
Ashburnham  Harvard

MART contracts its fixed-route and paratranst services through a variety of contractors
from its headquarters at R1427 Water Street, Fitchburg, Massachuseitss. MART fixed-
route service operates with 26 buses. Its paratrandt services are more extensve, and
operate throughout Eastern Massachusetts with approximately 120 vans, minivans, and
dation wagons. The paratrandt services are provided as a complementary service to
MART's fixed-route bus operation, in compliance with the American with Disdbilities
Act (ADA) requirements. In addition, MART sarves a vaiety of cients in eagtern
Massachusetts, including Councils on Aging, Wefare to Work programs, and veteran's
organizations. Approximately 3,500 trips are made on MART's service network daily.

MART's digpaichers communicate with their drivers over a 453.8 MHz radio system with
area coverage provided by two radio towers. The radio towers, which are leased by
MART and ae located on Alpine Hill in RAtchburg and Resarvoir Hill in Gardner,
provide limited coverage. To fill the dark territory aress, MART aso uses a commercid
cdl phone system to supplement the 453.8 MHz radio network; however, there are ill
coverage problems with both systems.

MART uses a proprietary Oracle-based computerized booking program to deploy
demand response services for gpproximately three to four thousand trips daily in the 18
communities in Eastern Massachusetts comprisng the MART sarvice area.  Prior to the
pilot program, trips were booked 24 hours in advance by reservation specidigts, and trips
were manualy assgned to drivers 12 hours ahead by the dispatchers.  Without the AVL
technology, it took 6 to 8 man-hours daly to manualy sort and schedule the next day’s
runs.

All MART dispatchers except two are located in Fitchburg. The other dispaichers are at
Gardner, MA. Gardner uses the same computer software and operating practices, as does
Fitchburg. Each facility uses different third party transportation service companies.
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The need for trangt in the primarily rurd aress serviced by MART is dgnificant. Even
though the MART residentia service area provides urban area work force for the cities of
Worcester and Bogton, there is little availability of traveler information. Geographicdly,
the MART service area is comprised of hilly terrain and presents daily difficulties in
maintaining continuous and reiable radio communications with their vehicle operators.
Since this negates the ability to do real-time dispaiching, dl trips are booked 24 hours in
advance.

The Reguirements Assessment and Statement of Needs documented the following
condraints limiting the ability for MART to expand service to meet incressng customer
demands:

The need for transportation in MART's sarvice area exceeded ther current
capability, based on the fact that there are alimited number of vehicles.

RF coverage, provided by the exiting communications infrasructure, is
inaufficent.  Communications with drivers and, subsequently, knowledge of
vehicle location was intermittent.

Demand-response service must aways be scheduled 24 hours ahead of time.

To address these condraints, MART desgned an ITS pilot program with the following
gods

Reduce the 24-hour lead time for booking trips, and provide more flexible and
tighter schedules to accommodate additiona passengers.

Rdiable communications with the knowledge of where ther drivers are a dl
times. This will improve operatiiond efficiency and increese driver and customer
sfety.

Record scheduling data and generate reports to further analyze service in order to
better schedule, route, and manage operations.

4 Project Overview

In August 2000, the Montachusett Regiond Transt Authority receved a grant from
Federal Trangt Adminidration (FTA) to deploy a pilot program for a Computer Aided
Dispaich (CAD)/Automatic Vehicle Location (AVL) sysem and to integrate this system
with an exiging reservation and dispatch sysem. MART was asssted with contractor
progran management support to extend ther internd daffing to address the specific
needs of this project.

A dructured procurement process was initiated with the following mgor tasks:

1. Requirements Assessment and Statement of Needs:
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An assessment of current sysems supporting the trandt agency operations,
MART's operaional concept, and MART's current service ddivery and service
projections were documented. This assessment formed a basis for a requirement
andyss Satement.

2. ITSTechnology assessment:

Usng the Reguirements andyss, MART and their consultant conducted a
technology assessment to determine avalable technologies that would meet ther
requirements needs. Severa vendor systems were reviewed and vendors were
invited to present their off-the-shdf technology for MART.

3. Procurement Plan;

A procurement plan to document dternatives to address MART's Statement of
Needs was discussed. Competitive procurement for the AVL system, use of a
commercid communications system to support data communications, and an
upgrade of the existing reservation and dispatch systems were gpproved. Options
for enhancements such as mobile data terminds, and addition of AVL/MDT units
to the flet were induded in the planning providing a building base from which
MART could expand their ITS infrastructure,

4. Deployment Alternatives Andyss

Severd technology options were reviewed prior to development of the system
specifications to support the procurement for an AVL/MDT sysem. The
dternatives concentrated on the requirement for data communications. Based on
the limitations of the pilot program, it was determined the existing radio system
would not support the data communication requirements of the AVL/MDT
systems.  Additiondly, the cost to deploy a new radio sysem was prohibitive.
The dterndive technology of Cdlular Digitad Packet Data (CDPD) was avalable
in the region from a commercia carier and was sdected for use in the pilot

program.
5. Specifications Devel opment:

Performance based specifications were developed for the AVL/MDT systems.
Performance specifications were chosen over design specifications to support the
fast changing technology used as a basis for many of the commercid ITS sysems
sold today.
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6. Procurement:

A procurement package was prepared to solicit proposas for an AVL/MDT
system, including control center-based vehicle tracking software to supplement
digpatchers, communications package, training, maintenance and warranty.

7. Desgn and Implementation

Procurement of the AVL/MDT sysems was implemented based on a
requirements andyss, pecification, and procurement process. The system
provider was required to submit designs, implementation and test programs, and
an associated training package. The legacy dispatch and reservation system was
upgraded under a separate contract. A tota of 15 sysems were ingtdled and
tested.

8. Test

Both informa and formd testing were conducted. A tet plan was prepared for
eech sysem as wel as for integration testing between the AVL/MDT and
reservation and digpatch systems. MART placed both sysems under
configuration control during formd testing forming a basis for andyss as tegting
progressed.

9. Traning

Operdtions and Maintenance training included both the AVL/MDT and the
reservation and dispatch systems. Training packages were developed to support
initid refresher traning and traning of new employees  The initid traning
program was hed 3 times in order to fecilitate the third party operator saff
scheduling.

10. Operations Planning

MART faced a dtuation where only a smdl portion of their flet was equipped
with the new ITS technology while the mgority of the fleet remained operating
with the exising sysems. Operations planning needed to address the mix of
systemsin the field, dong with saffing requirements.

11. Maintenance and Warranty

MART procured a waranty and maintenance contract and options with the
contract for the pilot program, AVL/MDT systems, and associated control center
hardware and software. Spares and replacement of sysems dong with on-cal
technica support is covered under contracts with the system vendors. Personnel
from MART’s Management Information System group recelved training to enable
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the agency to administer the system, remove and replace MDTS, and test various
functions of the MDTs and gateway server.

MART's AVL/MDT pilot program was completed 6 months over schedule but remained
within budget. MART is planning to expand the ITS program with the addition of more
AVL/MDT sygemsto their flet.

5 Consistency with the National ITS Architecture

To meet FTA policy guiddines for condgtency with the Nationd ITS Architecture,
MART implemented their project consstent with a sysem engineering process. The
project implemented off the shelf AVL/MDT sysdems and enhanced existing proprietary
reservation systems, therefore, it did not implement the TCIP Standard. There is
currently no Regional ITS Architecture for Centrd and Western Massachusetts.  To
comply with FTA policy, MART plans to use ther experience from this project to
support the Metropalitan Project Office (MPO) in development of a Regionad ITS
Architecture within the next few years.

6 Project Challenges

There were severd chdlenges faced in planning for and implementing the MART project
keeping with the requirement to support the National ITS Architecture and ITS
Standards. The following section summarizes chalenges faced and how they were
addressed in the MART program.

Standards. FTA has issued a policy recommending use of ITS Standards, and
requiring use of only US DOT egpproved sandards. At the dtart of the MART
program, only one ITS Standard had achieved US DOT approval. This standard,
Dedicated Short Range Communications (DSRC) was not appropriate for the
systems being planned for in the MART program. MART faced the dilemma of
how to address the FTA requirement given the current Status of the trangt
dandards.  Condderations influencing MART’S decison to accept a standard
capable system (only if offered as part of the vendors current cgpability but not to
require off the shdf sysem modifications to implement the avalable standards)
were:

0 No sysems with ITS Standards were presented during the technology
reviews nor offered during the procurement cycle. Since the program was
a pilot program impacting a smdl portion of the fleet, 15 out of 140
vehicles, cusomizing a sysem to incorporate ITS Standards was not
supported.

0 There is no testing guidance for compliance with the gpproved ITS TCIP
dandard, leaving an open issue regarding vdidation of sysem compliance
onceingaled.

0 The trandt sandards were only patidly complete a the time the MART
program was in procurement.
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Inditutiond: MART ddivers pararangt and nonrrevenue trangt services using
multiple third party operators operating from two garages. Contract terms and
support from these companies and unions needed to be coordinated to assure
successful use of the new ITS technology.

0 MART hed severd meetings with ther transportation service provider
companies to goprise them of the pending new systems being inddled in
the service vehicles and control center.

0 The sarvice provider companies were invited to attend program meetings
and briefings tha enabled them to become familiar with the program, its
gods, and the technologies being deployed.

0 Savice provider gaff was included in interviews early in the project to
collect and document their stated needs and ideas regarding issues, system
condraints, and ideas for new technologies to enhance their job
performance.

o Traning was organized in multiple sessons to accommodate daff
planning and driver work shifts.

o Traning sysems were made avalable for periodic driver refresher
traning.

0 The trangportation service providers were included in development of
revised operaions procedures to accommodate successful use of the mix
of new and old technologies.

Ingtitutiona: MART's exiding reservation and dispaich system was comprised of
customized and proprigtary software. The software was not well documented,
and no configuration control document was avalable. Furthermore, requirements
for the sysem upgrade were not documented nor was a structured engineering
process implemented to guide the upgrade of the legacy sysem. As such, t was
difficult to establish the integration and forma system test programs.

Indtitutiond: Condgtency with the Nationd ITS Architecture for trandt agencies
remains an unclear task. The Nationa ITS Architecture provides detals specific
to trangt industry in only two areas. vehicle and center. Standards gppropriate for
the trangt industry to support the architecture, notably the TCIP standard, have
yet to be completed. Many vendors are investing in XML technologies rather
than the ASN.1 technology prescribed by the current sections of TCIP which have
been completed. As such, trandt agencies are in a quandary regarding use or non
use of TCIP. During the technology assessment, it was determined that vendors
were not interesed in upgrading their sysems to implement TCIP for trangt
projects of the nature and size of MART. MART decided to implement a project
usng the sysem engineering process and support development of a Regiond ITS
Architecture, but not to require implementation of the TCIP standard.

Technicd: MART's exiging communications sysem did not provide adequate
coverage for MART's sarvice area. To compensate, MART used commercid cell
phones. Together, these two voice sysems dill did not provide consistent
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coverage within the MART service area. Cost of a new private radio network was
prohibitive.

0 Cdlular Digitd Pecket Data (CDPD) communications technology was
chosen to support the pilot program. This technology was available within
the area, and has been successfully supporting other AVL programs.

0 After deployment, MART determined severd coverage issues dill
remained with the CDPD technology, and actud service coverage
experienced did not match that presented by the commercid carier. As
with mogt rurd aress, wirdess communications sarvice in the region is
often spotty.

Technicd: MART's exiding resarvaion and dispaich sysem is proprietary,
developed over several years of modifications to meet changing requirements as
the MART trandt agency expanded their operations to meet expanding demand
for the trangt services. As such, integraing a new AVL system with an exiging
proprietary system posed severd chalenges, which, with consstent coordination,
Were overcome.

0 Dedgn paamees for the enhancements and an interface control
document for the exising sysem needed to be defined to support
integration efforts.  Through informd integration testing and using remote
conferencing capabilities, each sysem vendor gradudly gained sufficient
knowledge in each other’ s system to define and conduct the integration.

0 During the informa tesing phese, little configuration control was
enforced by each vendor over their own systems. As a result, when the
forma testing program was initiated, a basdine needed to be established
for the testing.

o0 Nether vendor had a formd configuration control process to support
tetingg MART enforced a software problem change report (SPCR)
process for both contractors to follow which provided a traceable basdine
during tesing and provides a documented basis for future expanson of the
sysem.
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7 Lessons learned

The MART AVL/MDT project offers severd lessons learned for agencies, paticularly
gndl rurd agencies that plan to implement ITS technology in an incrementa fashion.
The lessons learned are presented in two generd categories. Indtitutional and Technical.

Inditutiond:

1. Agencies udng third party transportation service companies need to check their
contract terms to ensure changes in operationa procedures can be enforced with
no bresk of contract or savicee MART had difficulty coordingting with ther
providers to ensure daff was made available for training. Acquiring third party
providers commitment to the project, from the beginning, is a key dement to
operationa success of the project.

o0 This issue was resolved with extra training sessons and acquistion of
traning materid to support refresher training.  Additiondly, MART has
invested in development of an “in-house" trainer.

0 MART plans to complete ingdlation of the ITS technology to the balance
of their fleet. The third party providers will be included in planning and
execution of the follow-on project.

2. The impact of employing a fleet with didinct and different sysem technologies to
the agency’s operating procedures was underestimated. Issues which needed to be
addressed included:

0 Reaning proficdency in opedion of the new equipment was
underestimated. Keeping a group of drivers only for the equipped vehicles
dightly mitigated this issue, but creasted others with respect to union rules
and driver priority.

0 Scheduling was not as seamless as anticipated.  In actudity, due to the
pilot only covering approximately 10% of the flegt, the schedulers need to
run two separate systems, therefore creating more work for them. The
god is to have the two systems integrated into one system prior to
completing a full upgrade of the flet with the new AVL/MDT
technology.

0 Digpatcher's responghbility was dso increased as a result of operating
parale scheduling sysems. Thisis atemporary Stuation.

3. Inhouse cusomized sysems and AVL/MDT sysem enhancements should follow
the same or samilar engineering process as those used to procure new systems.
Without documented requirements Specification, and disciplined configuration
control, the agency risks cost and schedule growth as well as potentid inability to
integrate new and exigting proprietary or customized systems.
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Technical:

1. Hoding both the AVL and scheduling /dispetching systems, usng Oracle and
Microsoft SQL Server software respectively, on the same server platform created
a compatibility issue which impacted the server peformance. Once the two
databases were physicaly separated onto two different servers, the performance
issue was resolved. Evduating system process load distribution needs to be part
of the project-planning phase.

2. There were no outsanding technica issues.  During the tet and indadlation
phase, both contractors discovered technicd inefficiencies in thelr respective
systems and made changes to satisfy al of MART’ stechnicd gods.
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