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PREFACE

This document serves as the finaéport for an Fscal Year 2@4 Federal Highway
Administration ITS Integration grant entitled the Portland State University Intelligent
Transportation Research Intiige, located at Portland State University in Portland, Oregba.

ITS Integration fund$$344,633)supported the desigd,e si g n, outfit and inte
new regional Intelligent Transportation Systems (ITS) Laboratory suite located invih®60e

million Northwest Center for Engineering, Science and Technology, a major engineering
research facility located on the campus of Portland State University in downtown Portland,
Oregon. This report provideghe final progressreport, as well aserning as thelLocal

Evaluation Report, which includes lessons learned in integrating ITS data and providing the

MPO with archived ITS data products.
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EXECUTIVE SUMMARY

This FY 2004 ITS Integratiorgrant has providel partial fundingfor design, outfiting, and
interior #Afit upo for the new regional I nt el |
located in the new@® million Northwest Center for Engineering, Science and Technology, a
major engineering research facility located on the campus of Portland State University in
downtown Portland, Oregon. Integratidvas beenachieved through several key strategies:
designing and equipping the new ITS laboratory in the NWCEST, including the provision of
cable raceways and cable troughs enabling the flexible cabling of the lab as technologies evolve;
providing physical communications linkages; providing linkages to ITS staieces thahave

enablel the establishment, testing, expansion and use of the regional ITS data archive; and the
use of traffic management system software and hardware for training, simulation and educational
purposes. The objective of this projeas tocreate a regional resource for housing archived ITS
data, serving as an emergency bapktransportation management operations center (TMOC)
and to provide resources for regional transportation education, research and fféieipgpject

was completedmtime in December 2005.

The ITS Laloratory at Portland State University notwuse the regional archive for
transportation data collected by the Oregon Department of Transportation, the City of Portland
and TriMet. Other key partner agencies in the Hewep me nt of t he regi onbs
Washington State Department of Transportation, CTRAN, Portland Metro, the Southwest
Washington RTC, the city of Portland Traffic Signal Management System, the city of Gresham,
Washington County Traffic Signal Magement and Clackamas County Traffic Signal System.
These agencies, plus Portland State University and other partners currently comprise TransPort,
the voluntary regional ITS decisianaking body that coordinates ITS planning, implementation

and operatios. The ITS Lab suitess nowa center for the integration of ITS data from multiple
sources as well as for research and education relevant to regional transportation issues in the
Patland area. Uniquely, this Elso a bistate resource, as all ITS effodre coordinated across

the border with the state of Washington. Portland State Univeisitgsponsible for the
comstruction, longerm operations and maintenance of this integration project.

In addition to this USDOT ITS Deployment Grant, this projsctunded from a number of
sources. These include State of Oregon General bonds and Revenue bonds, the City of Portland
and the Portland Development Commission, private donations from more than 50 individuals,
and additional Federal grants from the Deparit Education, the Small Business Administration



the Department of Housing and Urban Development.

The project is consistent with the National ITS Architecture, and has followed the regional ITS
Architecture. Overall, this project is deemed to haveitaaibjectives. The final report contains

a narrative describing lessons learned from both the technical and institutional perspectives. The
project has resulted in the implementation of a regional ITS data archive that benefits from
strong cooperation amg public agencies, the private sectand Portland State University.

Without leadership, commitment, mutual trust, and strong personal relationships, the project
would not have succeedetihe new ITS Laboratory is a part of a private and secure regional

high speed ITS data network that facilitates the sharing and archiving of operations data in real
time. Strong | eadership at Portland S&hbyte Uni
demonstrating over mul t i prames ang aimedsat ehhreihg andh e u
supporting those of the regional and statewide transportation agencies, an environment of trust
and mutual support has been established and maintained. The new ITS Laboratory is positioned
to serve as an emergency bagk transportation management operations center, and progress
toward this end is still ongoing. The Laboratory is already serving as a hub for regional and
statewide ITS research, teaching and training.

The new | aboratory i s al polegaa dlanning organization MBO),t he r
known as Metro, with archived ITS data products, as described in detail in this report. For
example, time series reports, map based reports, and daily, monthly and annual congestion
reports can be automatically genedatwia PORTAL (the Portland Oregon Regional
Transportation Archive Listing, sebttp://portal.its.pdx.edu Travel time reliability is an
important measure for the regional Congestion Monitoring Program, and measures can easily be
generated for Metro via AFRYAL. Portland State University has conducted several training
sessions for the MPO describing the functions currently available through the data archive, and it
is expected that this relationship will continue in the future. It is also envisioned tlitabreadd

ITS data sources will be archived in the near future which will further enhance its utility,
particularly with respect to data available from arterials.



INTRODUCTION AND BACKGROUND

The Portland metropolitan area benefits from an extensivepfo§ram, including a freeway
surveillance, management and information system operated by the Oregon Department of
Transportation(ODOT). This includes a traffic management operations center (TMOC),
freeway incident response system (COMET), a fiber optaa®munication backbone, ramp
metering, variable message signs, CCTV surveillance and a statewide multimodal traveler
information system, Tripcheck (www.tripcheck.com). This Ip®ject at Portland State
University hasenhancd the strong commitment thdias existed toward providing a regional

focus for relevant ITS research, continuing education for ITS professionals and the development
of the next generations of engineers who can thrive in the ITS profession. The ITighdat

under this project will catinue toproduce people and projects that are important to the Portland
region, the state of Oregon, the Pacific Northwest and the nation as a whole.

The ODOT system is well integrated with other ITS programs, particularly those of the City of
Portlandand TriMet. For example, the City operates a traffic management center including
central control of approximately 1,200 traffic signals and-oityned video surveillance and

traveler information (variable message signs) on its arterials. TriMet opexatle®t of
approximately 700 AVEequipped buses, most of which also include automatic passenger
counters (APCs) . Tri Met 6s | i ¢imd fleat mandgéntents ope
capabilities and their Transit Tracker allows customers to wecbus arrival countdown
information at key stops and via the Internet.

There are several unigue aspects of the ITS program in the Portland MetropolitardRegton

it is a bistate region (Oregon and Washington); second, it is a region governetubyr@gional
government (Portland Metro, unique in the nation); third, it is a truly multimodal region, with
light rail transit, bus, air, freeways, arterials, and a vibrant freight system (including highway, rail,
air and river based facilities); and ftlurthe various public and private entities responsible for

ITS actively share resources and data sources. The coordinated planning, design and
implementation occurs under the auspices of a voluntary organization called TransPort, a
voluntary group that &8 been meeting monthly for over ten years to coordinatedib&d

efforts.

Since 2000, Portland State University (PSU) has been playing a key role under the auspices of
TransPort, providing resources for evaluation, data archiving, training and educathe ITS



arena. For example, the National Science Founddtassuppored a project designed to
develop the framework for a regional ITS data archive, and PSU has released a working
prototype of the user interface. According to the regional ITBiteature, PSU is the official

data archiving entity and envisions integrating all forms of ITS data in the future. The archived
data user service (ADUS) currently includes freeway loop detector and weather data. In the
evaluation realm, PSU has comptetvaluations of the COMET incident response program and
the regional ramp metering system. This Ifi®ject hassupporéd ongoing operations of the
ADUS program in the new ITS Laboratory.

PSU constructed anew engineering research and teaching facil#ed the Northwest Center

for Engineering, Science, and Technology (NWCESAs part of the Center, PSU da
constructing anew Intelligent Transportation Systems Laboratory. The ITS lab is essential for
integrating existing ITS systems and meetingthe regn 6 s needs for | TS rese
particularly focused on the continuing education of agency ITS employees and preparing the
next generation of ITS engineers. The work of the ITS Laborasasflecing the priorities of
transportation agency paers such as urban transit, freight, and the integration of livability,

heal th, and transportation. This | aboratory i
prepare tomorrowbds transportation eamiggamker s a
training opportunities for the regionds tran:
serve as a research magnet for businesses needing close access to high quality faculty and
students while provi di ngtransporéatior dnd plardng agereciasc et ¢
For example, the PSU ITS lab is developing a regional data archive using data collected by more
than 400 loop detectors on Portlaneaifreeways. This researchhielpng to guide planners

and policymakers aboutays to keep traffic moving and ways to address congestion during peak
hours. The new lals nowhousng the regional transportation data archigesening as a center

for educating and training the transportation workforce on new technologg eowtributing to

PSU6s ability to work with | ocal public and p
research project§he new lab is alsenabing working professionals to earn advance degrees in
connection with their employers. These projeatsof national peereviewed quality andre

being developed as a result of regional/national cditipa. Research results are typically
submitted for publication in peeeviewed archival journals and for presentation at nationally
prominent conferences asgmposia.

As part of the regional and statewide ITS programs, Portland State UniversggduaedTS
funds through this ITS integration program to design, equip and support research and education



activities in the new ITS Laboratory in the new NWCES&dw construced at 19306W Fourth
Avenue (between Lincoln and Harrison) in downtown Portlande diginalrequestfor these
fundswas endorsed by TransPort, and by the regional transportation deuekamg body, the

Joint Policy Advisory Committee foFransportation (JPACT) which provides policy advice to
the Metro Council. The new Intelligent Transportation Systems Laboratory atde8igleted in
December 2005s sening as a research and educational site for transportation engineering and
planning sudents, as well as a community resource for transportation agencies. @dusning

to enable the university to expand its integration work, particularly in the effort to centralize the
archivingof t he regionds | TS d a atthiswillidclude deseloprge o mi n g
warehouse for ITS data at the staadd even the kdtatelevels. Furthermore, the projecs
providing the capacity needed to expand the opportunities for providing advanced degree
curricula for transportation agency eloyees.

Using the regionbs fiber communications backb
of Portland, and through the City also shares with ODOT and TriMet),i® 80w one of the

nodson the regionds shared | hifg reatiimenamcharchised i on s
data from all regional transportation partners. In addition to providing the regional data archive,

the new facilitycan nowserve as an emergency backup TMOC, a training facility for tabletop
simulation exercises, and a regia | training and continuing edu
transportation professionals.

PROJECT OVERVIEW

The Portland State University Intelligent Transportation Research Initiative has created a
regional resource for housing multimodal archiv&® data from multiple sources in the new
Northwest Center for Engineering, Science and Technology (NWCEST), a major engineering
research facility located on the campus of Portland State University in downtown Portland,
Oregon, to serve as an emergency kbge transportation management operations center
(TMOC) and provide resources for regional transportation education, research and training. The
projectbs objectives were to:

a. Design,outfit, and equip the new regional ITS Laboratory suite located in th€ RISV .
b. Support regional ITS integration activities among regional and statewide transportation
agency partners.



c. Provide cable raceways and cable troughs in the NWCEST, enabling the flexible cabling
of the lab as technologies evolve.

d. Provide space, power, da&ommunicationsand physical communications linkages.

e. Provide linkages to ITS data sources that will enable the establishment, testing, expansion
and use of the regional ITS data archive.

f. Provide linkages to ITS data sources that will enable the ugeafit management
system software and hardware for trainisigaulation,and educational purposes.

g. Follow Architecture, Standards and Evaluation procedures.

Based on the experience of i mpl ementing this
objectves have been me®Prior to the inception of thisntegration project the Portland
metropolitan regionid not have an ITS data archive nor dichave a designated site to house

this resource. TheewITS Labis that site. Manytransportatioragenciesstill discard their raw

data after aggregation and some agencies have limited archiving function on legacy
hardware/software systems that does not fit with the National ITS Architecture. This is a serious
shortfall i n the r egiddaesrhbéng addresaed dyptioerdevaldpmennof s y st
integrated communications, networking and data archiving systems, much of which will be
housed at Portland State University. The university involvement is consistent with national
research that has indicated thani ver sity fAownershipo is impor
archiving systems.

Agencies whose data will be archived inclutlee Oregon Department of Transportation,
Washington State Department of Transportation, TriMet, CTRAN, Portland Metro, COMET,
The City of Portland Traffic Signal Management System, Washington County Traffic Signal
Management and Clackamas County Traffic Signal System. Ground was broken in May 2004
for the new135,000 square fodtlorthwest Center for Engineering, Science and Teclgyolo
building on the Portland State University Campus.

The Intelligent Transportation Systems Laboratory suite, necessary for supporting the expanded
ITS research and education program cossiE6 specialized labs and two classrodimst can
nowserveda a <critical resour ce, part of the <core
Portland Metropolitan aredhe labs were designed in close collaboration with PSU faculty, and
involved consultation with the etgiteolongterml TS p
ITS integration needs of the region are served and supported by the design of the labs. In
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addition, the ITS Lab was designed to be flexible enough to grow along with the ITS research
and education agenda.

FINAL PROGRESS REPORT

In addition to serving as the local evaluation report, this document provides final details on the
actual progress of the project. The following sue ct i ons report on the
completion as described the original proposal and subsequent partnership agreements.

Federal Aid Project Number or Contract Number

This project was ITS Deployment Project VII.J.38.a, also described in ITS Partnership
Agreement Project No. C000(020) between the Federal Higdainistration and the Oregon
Department of Transportation.

Revisions to Project Contacts

The original project contact at Portland State University was Dick Piekenbrock, as Project
Manager; he should be replaced with Robyn Pierce, Interim Directoaailities, phone 503
7254310.

Revisions to Original Estimated Project Completion Dates

The project completion is defined as submission of the project report to FHW®.original
completion date for the project was expected to be December 1, 2005 Barad construction
delays, the actual certificate of occupancy for the building was granted on December 27, 2005,
with final punch list activities completed in April 2006. The final report is being submitted to
FHWA in July 2006.

Revisions to Original Egimated Cost Values
There were no changes to the original estimated cost values.

Percent of Funds Expended
The project is complete, therefore a total of 100% of the funds have been expended.

Brief Identification of Milestones Attained
Here is a brief sumary of project milestones achieved:
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1. Project Design Completion October 2003

2. Contract documents February 2004

3. Bidding and Award March 2004

4. Construction Start Date May 21, 2004

5. Contract May 2004December 2005
6. Certificate of Occupancy December 272005

7. Punch List Complete April 2006

8. Final Report Submitted July 2006

Brief Description of Challenges Encountered

There were no major challenges encountered that affected project scope, created institutional
issues or presented other significant sidarations. Lessons learned are described later in this
report.

Financial Report
Here is a final report of the cost data for this project.

Project Costs Percent Federal Percent Match Total
Design & Planning of ITS 65% $137,633 35% $ 7,745 $213,378
Laboratory

Construction of ITS labs as part 65% $207,000 35% $113,920 $320,920
of NWCEST

Project Management 0% $ 0 100% $ 80,685 $ 80,685
Total $344,633 $270,350 $614,983

CONSISTENCY WITH THE NATIONAL ITS ARCHIT ECTURE

This project followed the regional ITS architecture which is continuing to be developed,
enhanced,and expanded. The Portl and Metropolitan Regi oni
developed under the auspices of TransPort, and is coordinated atdHevast with the Oregon
Department of Transportation and the Washington State Department of Transportatisn. Th
integration project at Portland State Universiasdevelogdthe regioids ITS archived data user

service (ADUS), which wilis consistent uth the Regional Architecture.
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LESSONS LEARNED IN INTEGRATING ITS DATA

In the original project proposal, the intent was fadegrationto be achieved through several key
strategies: designingnd equipping the new ITS laboratory in the NWCEST, including the
provision of cable raceways and cable troughs enabling the flexible cabling of the lab as
technologies evolve; providing physical communications linkages; providing linkages to ITS
data souwes that will enable the establishment, testing, expansion and use of the regional ITS
data archive; and the use of traffic management system software and hardware for training,
simulation and educational purposes.

Through the design and equipping of thew ITS laboratory facilities, connectiohave now

made via physical communications linkages between ITS equipment deployed in the field and
the lab where the data archive system interface is located. Actual servers are located in two
separate secure ser rooms on the PSU campus for redundancy security reasons. Data are
backed up daily. In order to accommodate the control and operations of additional systems in the
future, it may be necessary to replace, reroute or augment the communications nietiabn t
therefore, exposed cable racewagse beemprovided in the floor, along the ceiling and walls of

t he | ab, enabl ing student s and faculty to
maintenance of these cables as part of the research and ecilgaboess.

The proposed ITS data archive is based on the National ITS Architecture and stems from the
feed provided by the ODOT TMOC. As the system expands, additional data will be provided by
the City of Portland, TriMet, the Washington State Departnoérfransportationand other
regional transportation agencies. The data will be shared (via a permission based web access
system) with regional transportation partner agencies. This has already occurred with Metro (the

—

regional MPO), as the PSU ITS llibas provi ded perf ormance meas:

range planning and public outreach program as well as updated vdglayefunctions for the
Highway 217 Corridor Study. Future integration is envisioned with cities and counties, plus the
regional 941 centers as they develop their ITS and communications systems. The PSU ITS data
archive is scalable and flexible, using open source software. It is also secure and robust enough

to perform as the regionbdbs official data arch

The PSU ITS Lalis a member agency in the TransPort technical advisory committee, which has
brought together the primary transportation agencies in the Portland metropolitan region

13



including southwest Washington in a joint effort to implement Intelligent Transportation
Systems (ITS) applications. Participating agencies include:

ODOT
TriMet
City of Portland
Portland State University
Clackamas County
Washington County
Multhomah County
Port of Portland
Metro
C-TRAN.
City of Vancouver.
City of Camas.
. Clark County.
Washingbn State Department of Transportation (WSDOT) Southwest Region.
Regional Transportation Council (RTC).

Se@ o o0 o

— —

ol

© = 3

The TransPortommitteehas coordinated a 4state, multagency ITS strategy to improve the

safety and efficiency of the transportation system in tt®anized four county areas. The
TransPort I TS Architecture was developed util
to allow for the total integration of all transportation information systems, transportation
management systems, and transpomatantrol systems for the urbanized area of the region.

This ITS project is a partnership among Portland State University, the Oregon Department of
Transportation, the City of Portland, TriMeand other transportation agencies under the
auspices of TnasPort. Due to the unique multimodal nature of this partnership, Weresa
number of institutional and technical issues to overcome in this integration project.

A From atechnical standpoint, the ITS integration project has achieved its objectives in
there is now a direct fiber optic connection leading into the ITS Laboratory, providing
reakttime access to the ODOT and PDOTTYV system with live images from more than
100 cameras.
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The ITS Laboratory is currently receiving aat time feed from nely 500 freeway
sensors (inductive loop detectors) reporting data ase20nd intervalvia a private
internet connection. The detectors report count, occupancy and vehicle speed in each lane
on the freeway mainline, and provide count data for freewaamps.

New private, secure high speed, transportation data network (gigabit Ethernet) organized

by TransPort and including PSU, ODOT, PDOT and TriMet as the first four nodes.
Tri Met has |l ed this important ef frmgand wi t h
Computer Scienceomputer support staff. Strong data security and organizational plans

have been established through this process.

The ITS Laboratory isearly ready to begin receiving freeway sensor data over the new
transportation network.

Som the ITS Laboratoryill begin receiving incident data, transit vehicle location and
traffic signal system data for archiving.

The ITS Laboratory is alsouoently archiving statewide weigh-motion (WIM) data
from 21 weigh stations.

One issue that tkosome time to resolve was the access to the freeway sensor data via the
firewall with ODOT. Universities have a reputation for potential security issues due to
possible student mischief, but after some thustding, ODOT has gained confidence

wi t h caSpudviele security practices.

PSU has several differesbmputer support groupsone that is campuside and one

that operates within the College of Engineering and Computer Science. It took some time
to coordinate efforts among these groups, as well wath the campusvide
telecommunications office to make sure that the fiber optics, Ethernet and other data
feeds were configured correctly.

The ITS Laboratory was constructed as part of the overall NWEST project that included
thousands of data connectooand interfaces. Project oversight and lines of authority
were not clear. Initial fiber optics connection produced unacceptable video quhkty.
building contractor and subcontractors refused to investigate the reasons for the poor
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quality video Thanksto support from PDOT and ODO®, contractor was hired (by the

City of Portl and) to trace the fiber conn
Laboratory. Approximately 10 instances of shoddy construction, dirty and poorly
terminated connections wediscovered and repaired, resulting in more than acceptable
quality video performance. This is an example of the value of the transportation agency
partnerships in the Portland metropolitan area.

The communications closet the ITS Laboratorys conneatd to a series of cable trays

and troughs that were supposed to be designed to provide video and data feeds directly to
video monitors at the front of the room and to desktops at console stations in the center of
the laboratory. Upon investigation, howeyvafter building occupancy, it was discovered

that the main floor trough was filled with water and other debris and the covers were
screwed down with the screw heads painted. There were no holes in the tray covers that
would allow video and data to readirdugh the floor. The building contractor refused to
address this issue. But, thanks to the cooperation of the Department of Mechanical and
Materials Engineering technician, the trough was cleaned, screws removed and holes
bored in the covers so that th@per connections could be made.

The ITS laboratory now houses archived freeway sensor data via an archived data user
service called PORTAL (Portland Oregon Regional Transportation Archive Listing). The
new laboratory provides space for students, saatf faculty to develop and enhance the
data archive in a secure and modern setfiogin this sense, the primary objective of this

ITS integration project has been achieved. In addition to serving regional needs, there is
interest in serving statewide ahdstate needs.

It is very clear that the main reason that this project was succesdfig i® the strong,

voluntary collaborative relationship among transportation agencies, private industry and
Portland State University in the ITS arena. The TransPatmmi t t eeds spi ri
sharing, resource leveragingpmmunication,and mutual support contributes to an
environment that enables personal and professional relationships to develop and bear fruit.
This project would not have been successful withoatdpen, supportive, cooperative
relationships that exist in the ITS community in Portland and Oregon. Without the
commitment of the ODOT staff at the TMOC and at the ITS Unit in Salem (who helped
address important firewall issues), and the PDOT ITS shasfproject would never have

been successful.
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At the regional level, the TransPort committee, the Transportation Policy Advisory
Committee (TPAC), the Joint Policy Advisory Committee on Transportation (JPACT),
the Metro Council, other transportation aggrexecutives and staff all supported this
request and contributed to the success of this project. Strong communications was a
critical part of the projectds success.

Not only was it critical to have interested, committed and trusting public agencyrpartne
but it was also important to have university leadership present to make the development
of the ITS laboratory possible. The PSU president, the special assistant for government
relations, the director of business affairs, the director of facilitiesge¢la® and staff of

the College of Engineering and Computer Science, the chair of the Department of Civil
and Environmental Engineering, the telecommunications office, the College of
Engineering and Computer Science computer support team, the eamlpusanputer
support staff, the transportation faculty and the director of the Intelligent Transportation
Systems laboratory, good communication, creative leadership and extra energy above the
call of duty resulted in a successful project. In addition, curr&W Btudents have
assisted in the implementation of the ITS lab and have provided valuable labor in making
final data connections.

The new ITS Laboratory is configured to potentialgrnve as an emergency bagi
transportation management operations celgtrthe details of this possibility are not in
place yet. ODOT and PDOT are both interested in using the new facility for training and
educational purposes, and we expect to proceed with designing training programs in the
near future. Through the conduadtthese exercises, the potential for the use of the ITS
Laboratory as an emergency bagkwill be explored.

It is also envisioned that the ITS Laboratory will serve as a hubrdgronal
transportation education, research and training would be apgpiThe space has
already been used for teaching a course Intelligent Transportation Systems (CE 458/558),
and for numerous events and lectures. During the winter and spring of 2006,
approximately 25 students, faculty and staff worked in the Laboratory wariety of
sponsored research projects, including some funded by the National Science Foundation,
ODOT and BMW.We expect to continue to strengthen the regional educational, training
and research efforts in the future.
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PROVIDE MPO WITH ARCHIVED ITS DAT A PRODUCTS

One of the main functions of the completed ITS lalto house and operate the Portland

metropolitan regiond6s multi modal I TS data arc
ITS data products to Metdoot he r egi onds metropolitan plannir
anticipated that the new archive wil/ result

As a designated Metropolitan Planning Organization in a regithnawleast 200,000 people (see

Figure 1), Portland is required under federal transportation law, starting with ISTEA, to fulfill

the requirements of the Congestion Management Process (CMP), known prior to SAEEHTEA

as Congestion Management System (CMS)CMPi s fia systematic proce
congestion that provides information on transportation system performance and on alternative
strategies for alleviating cBmugtehave theofollowag d e nh
elements:

1. An ongoing mé&hod to monitor and evaluate the transportation system, identify the causes
of congestion, identify and evaluate alternative actions, and evaluate the efficiency and
effectiveness of implemented actions;

2. Defining parameters for measuring the extent ofgestion and for supporting the
evaluation of the effectiveness of congestion reduction and mobility enhancing strategies;

3. Establishing a program for data collection and system performance monitoring;

4. ldentifying and evaluating the anticipated benefitbath traditional and notraditional
congestion management strategies;

5. Identifying an implementation schedule, implementation responsibilities, and possible
funding sources for each strategy; and

6. Implementing a process for periodic assessment of thaeeify and effectiveness of
i mpl emented strategies, in terms of the ar

In the Springof 2006, Metro completed a process of revamping its approach to meeting the CMP
requirement . The Ar oad marefects pec