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EXECUTIVE SUMMARY

This white paper is prepared for the Metropolitan Transportation Commission
(MTC), the transportation planning, coordinating and financing agencyhé&
ninecounty San Francisco Bay Area. MTC plans to analyze and test the
feasibility and potential value of using IntelliDrive technologies to support high
occupancy tollKHOT) and express lane operations.

The overall project will be divided into two pbes. Phase 1 covers the
preparation of this white paper. Phase 2 will comprise a demonstration of
IntelliDrive technologies to support operations on a selected express lane facility
in the Bay Area. The purpose of this white paper is to identify spexficepts

that are feasible for, and would benefit from, field testinglOfT lane operations
using IntelliDrive technologies.

A National Perspective on HOT Lane Operations and Challenges

HOT lanes are a special type of managed lane wheredaigipancy veicles
(HOVs) are allowed accede the laneat no costwhile low-occupant vehicles
(LOVs) must pay a tolto access the lane. lgeneral HOT lanes become an
option when the capacity of the managed lane is underutilized by HOVs alone,
anda higher levebf-servicecan be providedn the managedane compared to

the adjacentgeneral purpose lage€o those drivers who are willing to paghe
higherlevelof-servicein the managed lane maintained primarilyoy adjusting
thepricing for LOVSs.

HOT lanes arebeing implemented or considered in locations across the United
States. IntelliDrive systems and technologies may be able to help address issues
that have been identified by practitioners and researchers at the national level,
including:

1 Enforcement oHOT lanepayments anglehicle occupancy requirements
1 Communication of traveler information

1 Monitoring of traffic demand anf@cility performanceand

1 Monitoring of safety conditions

Overview of Bay Area Express Lane Operations and Challenges

The vision inthe ninecounty Bay Area is an 80@ile network of express lanes
that includes 500 miles of converted HOV lanes and 300 miles of new lanes that
close gaps on the existing HOV network. In general, the operational features of
the express lane network arefaows:

1 The predominant roadway design is one express lane in each direction;

1 Separation betwedhe exprestane andadjacengeneral purpose lane is a
double yellow line, with no physical barrier;

1 Midpoint access locations vary with travel demand, dugrage 4 to 5
mile intervals
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9 Electronic toll collection technology ivased onFasTrak, which is
currently used on the eight Bay Area toll bridgésasTrak uses 915 MHz
and is governed by California Title 21;

1 Tolling zones will be equipped with camerdmat provide license plate

recognitionto support the enforcementtofl evasion

A dynamicallypriced toll structure will be used, charged per mile;

HOVs (2+ or 3+, depending on corridor) will travel toll free;

The California Highway Patrol (CHP) wilprovide enforcement of

occupancy and buffer zone violatiomapnitoing HOT lanes from the

inside shoulder and putlg-overviolatorson the outside shoulder.

E R

Interviews with express lane stakeholders in the Bay Area identified a set of
challenges fowhich IntelliDrive-based solutionsould be sought. Theseclude

1 Access between the general purpose lanes and the express lane;
1 Toll evasion enforcement;

1 Enforcement of occupancy and buffer zone violations;

1 Back-office toll processing;

1 Provision of traveler iformation to express lane users.

Status of IntelliDrive’™ Programs

The integration of information from vehicles and the roadway infrastructure to
facilitate the management and operations of the transportation system is a long
standing vision. In 2004, U.®0T, the American Association of State Highway
and Transportation Officials (AASHTO), state and local transportation agencies,
automotive manufacturers, and others came together to develop a -vehicle
infrastructure integration (VII) initiative.

Communicans between the vehicles and roadside, and from vehicle to vehicle,
were a key component of Viin 1999 the Federal Communications Commission
(FCC) set aside spectrum in the 5.9 GHz band for DSRC (dedicatee aatngpet
communications)thatwould be capdpe of providing secure, higbapacity, low
latency data communications for a range of applicatiMme recently, the VII
initiative has evolved into the IntelliDrive program, which is generally descriptive
of capabilities rather than particular solutipasd expands on earlier VII efforts

to be more inclusive of alternative technical approaches.

IntelliDrive Technologies and Protocols

Communications technologiesare fundamental to the design and deployment of
IntelliDrive systems. Each technology has awn strengths and limitations, and
the choice of which technology to use in a particular application has significant
consequences for functional capability, performance, and reliability. Technologies
that have the potential to support IntelliDrive systefor HOT lane operations
include:

Page 2



Metropolitan Transportation Commission IntelliDrive® White Paper and Workshop
IntelliDrive ** White Paper

1 Radio Frequency ldentification (particularly systems operating at 915
MHz that form the basis of current FasTrak electronic toll collection in the
Bay Area);

5.9 GHz DSRC;

3G Cellular;

WIMAX; and

Wi-Fi.

The selection othe communication technology is dependent upon the specific
use case and is discussed in detail in the section: Analysis of Use Cases for
Express Lane Operations.

= =4 =4 A

Other important enabling technologieslude:

1 Positioning systemsi a central component of any IntelliDrive
applications. It is desirable to provide a system that can providddeasie
positioning accuracy; generally defined as a 95 percent Circular Error
Probability (CEP) of less than 1m.

Most positioning system solutions incorporate GPS ames form.
Differential GPS (DGPS) can increase positional accuracy by
supplementing the information from the satellite network with position
information from fixed, groundased reference stations. Carrier Phase
DGPS, an approach used in higbcuracy sumying equipment can
further improve positional accuracy. Positional accuracy for moving
vehicles can be further enhanced through the combination of appropriate
GPS solutions with inertial navigation systems (INS).

Recommendations for additional GPS reskeatesting are included in
Section 11.1.

1 Bluetooth T a wireless communications protocol for shamge data
exchange between devices, originally designed to be used in place of
cabled connections. The technology has been implemented in a wide
variety of aplications, including the collection of vehicle probe data.

Use cases for KpressLane Operations

A series ofuse cases of IntelliDrive technologies for the deployment and
operations ofexpresdanesin the Bay Area have been identified and analyzed
Theseuse cases include:

Toll collection;

Dynamic pricing;

In-vehicle account management;
Back-office toll processing;
Vehicle occupancy;

Automated enforcement;

Probe vehicles;

Traveler information; and

= =4 =8 -8 _9_9_°5_-2

Page 3



Metropolitan Transportation Commission IntelliDrive® White Paper and Workshop
IntelliDrive ** White Paper

T

Regional and corridor traffic management.

In addition, otler key technical and operational issues that may affect the
successful implementation of the use cases have been assessed. These issues
include:

il
il
il

Laneby-lane vehicle detection;
In-vehicle driver displays; and
Driver and vehicle privacy.

Based on these awyaks, slected use cases are recommended for proposed Phase
2 field testing. The recommended use cases are those that appear to have the
greatest potential to satisfy criteria that are included in the following list:

il
)l

T
T

The use case emphasizes one or momliDtive technologies that can
support the operational needs of éxpress lanes in the Bay Area

The use case holds the promise to solve a major challenge identified by a
stakeholder;

The use case is technically feasible in the relatively-tezar;

The use case offers the potential to offer a significant advance from the
current state of the practice in either technology applicatioaxpress
laneoperations.

Phase 2 Recommended Use Cases

Three use cases are recommended for the Phase 2 field teses.uShecases are
described in Section 11 of this white paper and comprise the following:

T

Recommended Use Case #i1Toll Collection:

This use casavill include assessment of 5.9 GHz DSRC installed in
different overhead and roadsidquipmentconfiguratiors, as well as the
evaluation of dual mode 5.9 GHz/915 MHz equipment. Thecasewill

also include an assessment of the capabilitiekigti-accuracy vehicle
positioning systems that would supplement toll collection applications,
and future buffer zone Viation enforcement.

Recommended Use Case # 2Back-Office Toll Processing:

This use case will comprise a pilot test that demonstrates the ability to
process toll transactions using credit and/or debit cards. The use case will
demonstrate the ability of iser to provide credit card details through
their invehicle equipment and secure communication of the information
using DSRC. The use case will include the use of contactless credit or
debit cards with an onboard proximity reader, as well as the alwolity f
drivers to input credit card details through arvéhicle keypad or touch
screen associated with an onboard IntelliDrive device.

Recommended Use Case #i3Traveler Information:

This use case will comprise several aspects of traveler information
uniqudy associated with express lane operations or facilitated by the
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availability of IntelliDrive technologies. The use case will address the
provision of relevant information to the express lane user or potential user.

Theuse case will evaluate tlability to pass dynamic pricing information
and FasTrak account balance informatiato the vehicle in reaime
using an appropriate communications channel, including DSRC and 3G
wireless The use case will also include a travel time information
component comprisg three elements: the collection of probe data from
vehicles; the processing of data into reliable travel time information; and
the dissemination of that information back to the vehicle. Vehicles
equipped with 5.9 GHz DSRC, 915 MHz toll tags or Bluetodéiices

will be able toprovide probe data for comparative analysisravel times

in general purpose lanes versus express lambe development of
appropriate data analysis techniques should also be undertaken and
validated. Finally, the use of altethe communications paths, including
DSRC and 3G, to the vehicle for the dissemination of travel time
information should be assessed.

Analysisof Potential ExpressLane Corridors

In general, based only on the timing of implementation, two corridors are
candidates for the demonstration phase: th880/SR 237 Express Lane
Connector, and the@80Express Lan€orridor.

The 1-680 Express LaneCorridor is located on a Hhile section of southbound
[-680 between SR 84 and SR 237. Approximately 80 percenteofatility is
located in Alameda County, with the remainder in Santa Clara County. HOVs will
use the express lane for free, wHil®Vs will pay a toll. Toll rates will be set
dynamically to maintain fre8ow conditions on the express lanes.

The expresdanes will usetransitionlanesfor accessand solid lines as a buffer
zone between thexpresdanes and the general purpose lanes. This facility will
includethree entrance points to the express lanes, and three exit pbatdsists
will receive expresslane toll pricing information from overhead changeable
message signs in advance of #wpresslane. All LOVs that wish to use the
express lanes will be equipped withlrasTraktoll tag, while HOVs will need to
cover theirtoll tag before entering the exgss lane to prevent a toll charge. A toll
transaction will be initiated when &0V vehicle enters the express lane;
processing of the toll is a back office function that will use existing systems.

The length, configuration, and availability of roadsidd amerhead infrastructure
appear to make the@80 Express Lane a more desirable location for tedtimrg
it is recommended for the Phase 2 demonstration.

Analysis of Fleet Options

Testing of the IntelliDrive express lane use cases in Phase 2 wilreetina
availability of test fleets. Specific requirements for the test fleets, including
requirements relating to individual vehicles and drivers, should be developed as
part of the development of demonstration evaluation and test plans. The number
of vehicles needed for testing a particular use case, for example, will generally be
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determined by the statistical confidence and accuracy desired for the resulting
performance measurements. Fleet and driver requirements are discussed for each
recommended usase in the Phase 2 Recommendation section.

INTRODUCTION AND OBJ ECTIVES

This white paperis prepared for the Metropolitan Transportation Commission
(MTC). MTC is thetransportation planning, coordinating and financing agency
for the ninecounty San FranciscBay AreaMTC manages a range of technology
projects intended to improve transportation system management in the region,
including having an active role in the national IntelliDileprogram.

In addition, the Commissioners of MTC serve as the Bay AmdhAuthority
(BATA), a separate public agency formed by the California Legislature in, 1997
with responsibilities that include administration of all Bay Area toll revenue and
joint oversight of the toll bridge construction program with Caltrans and the
Cdifornia Transportation Commission. In April 2009, MTC adopted the H4ong
range Transportation 2035 Planwhich commits to developing an 8@dle
expresdane networkhroughout the region.

A grant received through the Urban Partnership Program (UPP), spdrisothe

U.S. Department of Transportation (U.S. DOT), offers MTC the opportunity to
implement a pilot program to demonstrate the advanced technology capabilities of
IntelliDrive to improve travel demand strategies. MTC plans to analyze and test
the featbility and potential value of using IntelliDrive technologies to support
high occupancy toll[HOT) and expreskane operations.

The overall project will be divided into two phases. Phase 1 covers the
preparation of this white paper, which will be presdridy MTC at a national
workshop in October 2009. Phase 2 will comprise a demonstration of IntelliDrive
technologies to support operations on a seleeiguiesdane facility in the Bay
Area.

The purposef this white paper is to identify specific concepiiat are feasible

for, and would benefit from, field testing dfOT lane operations using
IntelliDrive technologies. This white paper identifies opportunities and challenges
associated with IntelliDrive technologies and applications that could sug@drt

lane operations. The paper provides recommendations on specific components of
an IntelliDriveHOT lane project that can be demonstrated during Phase 2.

A NATIONAL PERSPECTIVE ON HOT LANE
OPERATIONS AND CHALLENGES

HOT lanes are a special type of manageck lamere higkoccupancy vehicles
(HOVs) are allowed acceds the laneat no costwhile low-occupant vehicles
(LOVs) must pay a toll ouser fee to access the lane.general HOT lanes
become an optionvhen the capacity of the managdane is underutilied by
HOVs alone, and higher levebf-servicecan be providedn the managedane
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3.1

compared to thadjacengeneral purpose laaéo thosedrivers who arevilling to
pay. The higherlevelof-servicein the managed lanis maintained primarilyoy
adjustingthe pricing for LOVSs.

HOT lanes are being implemented or considered in locations across the United
States.HOT lanes present their own set of technical, institutional, design and
operational challenges compared to conventional lanes or other typesaijedan
lanes. One purpose of this white paper is to consider how IntelliDrive systems and
technologies can help address or mitigate the issues that have been identified by
practitioners and researchers at the national level.

Key topicsthat are critical toproper HOT lane operatiorand which may be
amenable to IntelliDrive solutions include

1 Enforcement oHOT lanepayments anglehicle occupancy requirements
1 Communication of traveler information

1 Monitoring of traffic demand anf@cility performanceand

1 Monitoring of safety conditions

Enforcementof HOT lane payments and vehicle occupancy
requirements

HOT laneenforcement typicallyaddresses set of potentiaviolations beyond

those that are common to any other traffic lane. These enforcement actaities c
present major institutional, safetgnd technological challengesnforcement of

toll evasion where a vehicle that is required to pay a toll in order to use the
facility fails to do so,is frequently automated on conventional toll facilities
While smilar technological solutions can be considered on HOT lane fagilities
different implementation approaches may be needed to address the mix of free
HOVs and toHpayingLOVsusing the lane.

However other violationssuch as occupancy verification and lenfizone
violationscurrentlyrequire a physical police presertoebe effective. ©cupancy
enforcement requés a visual inspection ofthe number obccupantsoftenin a
fast moving vehicle during periods bigh demand angerhapsrom a location
where daw enforcement officer hamly limited visibility into the vehicle

Technological solutions are therefore being pursued to support these efforts. At a
national level, topics that are receiving significant attention include:

1 The ability to accurately omitor vehicle position to identify buffer
violations

1 The davelopment of roadside imaging tedures to assist law
enforcemenin targetng occupancy violations;

1 Research and developmeiftapproaches for vehicleccupancy counting
in conjunction with adanced airbag systems
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Communicationof traveler information

The additionalsigning needs foHOT lanes can compound an already difficult
and constrained freeway design and operating environment. Dmleysmay
consider using thelOT lanesgenerallywant b know:

1 The rules and regulations of thOT lanes, which may change by time
of-day;

1 Toll price;

1 Where access poinfboth ingress and egresse located

1 Whetherthere isan incident aheadand whether it is affecting theOT
lane, general purpose lanes both;

1 Whether there are other events or situations caugiagges irthe HOT
lane operating conditionand

1 What travel time benefits thayill achieve by using thélOT lane rather
than the general purpose lanes

The challenges are compoundada regionalnetwork of HOT lanes wheraet is
desirable to provide aeamless travedxperienceover the entire networto the
driver. However,longer trip lengthscan potentially create theneedfor pricing
changesnroute to maintairHOT lane performanceSimilarly, individual HOT
laneswithin the network carhave significantly different pricinglherefore, it is
important to ask Wwat user information can be shifted frahe roadsidesignage
into thevehicle to address driver needs and facility performance

Monitoring traffic demand andacility performance

Although changes ipricing can beused todeter traffic demandor freeflow
operationof the managed lan¢here are unanswered questions aboueffexts
of HOT lanes on overall traffic demand on a pafar roadway, and thability to
maintain reliableroadwayoperatios at these potentiallyigher levels of vehicle
throughputOthersystems otechnologies, in addition to variable pricimgay be
required tomonitor, manage, and operate a facility qmming both managed
lanes and general purpose lat@snaximize vehicle throughput dke facilities
matureanddemand growsver time

Topics in roadway facilitynanagemenand operationto be examiredinclude:

1 The ability to monitor dynamic roadway raditions and make changes to
pricing and/or HOT lane rules prior to the onset of congestion to ensure
free-flow operation and trip reliabilitin the HOT lane;

1 Theability to monitor thedynamic roadway environmennderchanging
conditions ando effectively communicat these conditions to commuters
which mayaffect mode or route choice r at her than just a d
to use eHOT lane or nat

i Testing and development ofharray of traffic managemerttrategies
while taking a holistic view of operaions for the complete roadway
environment for a corridor; or for an entire regional transportation
network
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3.4

3.5

Safety inconstrainedcrosssections

Early HOT lane projectstended to bebarrierseparatedacilities with limited
access opportunitiesThis desgn approach helpegimplify pricing strateges
enforcement, and driver information requiremeni®day however, many
projectsarebeing implementethatare notbarrierseparatediue to crossection
constraintsand may havemultiple access locations.adne encroachment from the
general purpose lanes into th#OT lanes in bufferseparated situations is a
significant safety concern, particularly whehee overall roadwaygrosssections
arephysicallyconstrained.

Questions therefore exist about how to addrthese safety issu¢$OT lane
designtopics that are currently receiving attentioolude:

1 Examining whether new systems and technologies can help provide
flexibility in future lanedesigns

1 Technigues that willmprowe safety due to the speed diffat@al between

managed lanes and general purpose lanes;

Creatingalternativeaccesslesigns to meet specific needs and conditions

Examining the improvements in safety for various lane, shoulder, and

buffer width configurations

T
)l

Further backgroundinformation on HOT lane issues

Beyond these key topicstherHOT laneissueghat are receiving attention at the
national level include:

Equity andfairness- Equity issues have been raised on practically ety
lane project and havealso played a role in HOV dne projects since the
application oflane managementechniques inevitablyestricts some userstleger
modally or spatially Various approacheare being useds a component of the
roll-out of HOT lane facilities including expaned rideshare and transtptions
and transit credit programs. Experience from new programsavitinue toshed
light on public response to pricingHowever equity in various forms will
undoubtedlybe a real and perceived issue that deserves research aitdrimg
as part of ay newHOT laneproject.

Forecastingdemand- It is difficult to accurately forecast demand. Demand for
HOT lanes is highly discretionary because a free optitnois available andrery
visible on the adjacent roadwalhe advent omicro-simulation andnesoscopic
simulation sketch planningools and the restructuring of regional modelsave
helped provide a means to test pricstgategies for newHOT lanes.However,
more real project experience will bevaluable for assessing andalibraing
available ad emerging forecastirgnd operational assessméutils.

Environmental benefits - The limited quantitative research that has been
conducted with respect to the air quality benefits of HOV ld@d facilities has

been inconclusive. Given the growing inténesclimate change and assessing the
transportation strategies that will have a positive impact on reducing greenhouse

Page 9



Metropolitan Transportation Commission IntelliDrive® White Paper and Workshop
IntelliDrive ** White Paper

gas emissions, there will be a need to more closely examine the emissions benefits
associated withHOT lanes.For example, &n syster ke used taegulate speed
through pricing and other mechanisms manner that willninimize greenhouse

gas emissiongom vehicle®

OVERVIEW OF BAY AREA EXPRESS LANE
OPERATIONS AND CHALLENGES

The vision in the nineounty Bay Area is an 80@ile network & express lanes

that includes 500 miles of converted HOV lanes and 300 miles of new lanes that
close gaps on the existing HOV netwoflihis proposed network is illustrated in
Figure 1.The legislative framework for the Bay Area Express Lane Network is
avalable at: http://www.mtc.ca.gov/legislation/HOT _LegislativeFramework.pdf
The plan calls for implementation of the system over the next ten years with a
goal of seamless travethroughout the region.The development and
implementation ofthe Bay Area Express Lane Networkas five primary
objectives:

T More effectively manage the regionos
vehicle and passenger throughput and reduce delayd foaalers in the
corridor, especially those traveling by carpool, vanpool or bus, within each
travel corridor.

1 Provide and efficient, effective, consistent, and seamless system for
customers of the network.

1 Provide benefits to travelers within each adori commensurate with the
revenues collected in that corridor, including expanded travel options and
funding to support nohighway options that enhance effectiveness and
throughput.

1 Expedite the implementation of the network using a rapid delivery
approab that, to the greatest extent possible, recognizing safety,
operational, and environmental constraints, relies upon existing highway
right of way and minimizes the environmental impact.

1 Use express lane toll revenue to finance construction of the neawmdrk
other corridor improvements, operate and maintain the network; and
provide transit services and improvements in the network corridors.

The regional express lane network will be authorized through AB 744, a bill that
at the time of writing is moving tbugh the legislative process. This legislation
will authorize the Bay Area Toll Authority (BATA), an agency affiliated with
MTC that administers revenue from seven toll bridges in the region, to develop,
operate, and maintain the express lane network. % Beea Express Lane
Network Project Oversight Committee (BAY POC), comprising representatives
from BATA, California Department of Transportatio@dltran3, the California
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Highway Patrol (CHP), and participating couttgsed Congestion Managent
Agencies (CMAs), will develop phasing plans, roadway and system designs,
technology recommendations, and operational policies for the network for
approval by BATA.

There is ®isting legislation, AB 2032 passed in 20@4at authorizes the
development, constructiomnd operation of a limited number ekpresslane
facilities in Alameda and Santa Clara counties. Facilities in-880/SR 237and

1-680 corridors are most advanced and are candidates for the demonstration of
IntelliDrive systems to suppoHOT lane appkations. AB 744 provides a
transition period for incorporating the initiakpresdanes authorized under AB
2032 into the overaBay Area Express Lane Network
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Figure 1: San Francisco Bay Area Express Lane Network
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In general theoperational featussof theBay Area Express Lane Netwoskeas
follows:

1 The predominant roadway design reeaexpress lane in eachetition

1 Separation betwedhe expresdane ancadjacengeneral purpose lane is a
double yellow line, with no physical barrjer

1 Midpoint access locations vary with travel demand, but average 4 to 5
mile intervals

1 Electronic toll collection technology i®ased onFasTrak, which is
currently used on the eight Bay Area toll bridgésasTrak uses 915 MHz
and is governed by California Title 21

1 Tolling zones will be equipped with camertdmat provide license plate
recognitionto support the enforcementtofl evasion

A dynamicallypriced toll structure will be uskecharged per mile
HOVs (2+ or 3+, depending on corridor) will travel toll free

The California Highway Patrol (CHP) willprovide enforcement of
occupancy and buffer zone violatiomapnitoing HOT lanes from the
inside shoulder and putlg-overviolatorsonthe outside shoulder

4.1 ExpressLane Challengesin the Bay Area

This sectionbriefly describesspecific expresslane challenges in the Bay Area
that were identified bystakeholdes during interviews conductedin July and
September2009. The stakeholders represevdrious ageries involved in the
development oHOT lane projectsn the Bay AreaBATA; California Highway
Patrol; Caltrans Gray-Bowen and Co, Inc. for Alameda County Congestion
Management Agen¢yMTC; and, Santa Clara Valley Transportatiomitdority
(VTA).

For the purposef general prioritizationthe challenges areategorized as either
Apri maryo (issues raised by multiple
discussion) o r Afsecondar yo ( iorsmoreenterviewee ance d
generally perceived as less critical than primary challengé®).discussion that
follows providesan overview of the challengetentified,and the questions posed
concerning the possible role dntelliDrive technologies in addressing the
challenges.

4.1.1 Primary Challenges

Access

The designof accessat intermediate pointalongthe lengthof an expresdane
was a topic identified and discussed during all stakeholder intervidvese are
multiple access configurations under consideration for the systemprofect

! Individuals who participated in the stakeholder interviews are identified in Appendix A.
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that is furthest in development and under construei@ongsouthbound-680
between SR 84 and SE37 in Alameda and Santa Clara countiEsis project
will use a transition lane approachas illustrated in Figure 2. This design
separates entering and exiting vehicles into distingtess and egressccess
points, with each @ess point providing an auxiliary weave lane. This option is
unique to the-b680 project.

Preliminary SMART Lane Intermediate Entrance I Tolling Zone Concept

180 m Auxiliary TollingZone
Lane Drop _\ [W:thﬁ«ntenna
N T |
—
— — =
— —
p— —
— —
| | \ \
LSl\lbl\RTLf;lne Entry L YMS Toll Sign \—?‘SmAuxillaryLane \—300 mAuxiliary

Advisory Sign Addition Lane

Preliminary SMART Lane Intermediate Exit Concept

SMART Lane 75 m Ausxiliary
f Exit Sign F Lane Addition
L4

=

/

i

EET e
I

300 m Auxiliary Lane J \— 180 m Auxiliary
Lane Drop

i
i

Figure 2: HOT Lane Entrance and Exit Concept%

Other facilities are consideringtwo alternative designs limited weave zone

access which is a ski-stripe openingin the doublesolid stripe that is of

sufficient length to allow both entering and exiting vehicles to manguwrer

continuous accesswhich is the prevailing skiptriping design for existing HOV

lanes in the Bay Area that allows access at any point dlmdane. Limited

access design i s t he approahlegr omindod t he
experience itHOT lane operations in other cities.

There is a preference among some stakeholders to retain the current continuous
access designsed in existing HOVanesand apply it tahe newexpresdanes in

ASout his@@Ondmlart Car pool L a n e ar&ldon Alagnpd Caurity Oper ati ons, O
Congestion Management Agency by Wilbur Smith Associates, March 2006.
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the region but current technological limitations related to tolling and enforcement
make this approach impractical over long corridéysvhite paper developed for
BATA explores in detail the potential usé continuous access in terms of
operational performance, design requirements, toll system requirements, and
enforcement needls

Based on the information gathered during the interviemwset ofquestions were
formulated:

1 What role can IntelliDrive technol@ies play in addressing the
performance and safety issues of continuous access design?

1 Is there anntelliDrive application that caaetermine vehicle position to
differentiate usage betweesn expresslane and the adjacent general
purpose lane with suffient accuracy to effectively assess a toll?

1 Can such @a applicatonbe used to discourage fAgan
where users might weave ior out of the expresslane at freeway
bottlenecks or tolling points?

1 CouldIntelliDrive systemsaddress these challesgymore effectively than
current technologies?

These questionkelp drivethe technology assessmeirtsSection § and have
influencedthe definition and recommendation of use caseSeiction 7 ofthis
white paper

Toll Evasion Enforcement

Toll evasion eforcement emerged as an issue with multiple stakehol@ersent
published information indicates tha©Vs will require a FasTrakoll tagin order
to usean expresdane. HOVs, however, will need to place thal tag in the
suppliedMylar bag to avoida toll charge as they pairoughan expressiane
tolling zone

This approach presents challenges for enforcing toll violationd.@h\a enters an
express lane without @ll tag and is caught by the CHEhe CHPwill issue a

court citation for an occugmcy violation.CHP has noted that even LOVs with a
valid toll tag that is misread by the tolling infrastructure may be issued a court
citation for occupancy violation, since the CHP prefers not to enforce toll
violations. However all violators andtag misreads that are naaught by the

CHP equate to lost revenué there is no backup to the toll tag reader
Furthermore, a system that allows a higher ratio of missed tolls may lead to more
violators trying to game the system.

To reduce violation rates amdvenue leakage license plate recognition system
can be usedsa backup to the toll tag readérhis requires a way for thell
system to distinguish HOVs from LOVs, since the distinction cannot be made

*fAn Assessment of Continuous Express Lane Access, 0 p
Parsons Brinckerhoff, May 2009.
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from the license plate imagealone. On the tblbridges and SR91, vehicles
segregate into HOV and LOV lanes. Sitlcefootprint of the regional network is
too constrained to fitraHOV andanLOV lanein each toll zongthe vehicle must
be able to relay its occupancy to the tolling system. €ihation isto equipall
vehicles with occupancy sdlfeclaration toll tags, wherelgrivers can toggle a
switch to the setting that matchieir vehicle occupancy.

SeltdeclaredLOVs are then charged thexpresslane toll; selfdeclared HOVs
are not charged ®ll; and norequipped vehicles are subject to automated toll
violation enforcementia license plate imagingVehicles that selfleclare as
HOVs are subject to additionailsualenforcement as describbdlow.

Based on the stakeholder interviews, théofeing questions were formulated:

1 What role could IntelliDrive play in the evolution toward a fully
automated system for enforcing toll evasion?

T What role could I ntel |dieberliavrei npgl6a yw hient ht
is a LOV orHOV?

1 Could an IntelliDive system perform this function more effectively than
other system alternatives?

Enforcement ofVehicle Occupancy andBuffer Zone Violations

The enforcement activities that will be performed by CHP waiseussedy most
stakeholdersCHP is responsibléor the enforcement of occupancy violations, as
well as moving violations, and mechanical violations, on the express lanes.
Prosecution of these violations requiregparson action and issuance of a citation
by a CHP officer. CHP does not enforce toll latons which are enforced
through license plate recognition on existing FasTrak toll facilities, and may
require the use of this technology combined with occupancydselération tags

on HOT lanes, as described above

The occupancy seltleclarationtoll tag would automate the tolevasionprocess
allowing it to proceed in a similar manner to toll violation enforcement on
conventional FasTrak toll facilities. However, to support ¥imial occupancy
enforcementof selfdeclared HOVs byCHP, the switchal# toll tag would be

used to trigger a visual signal at each toll zone. A series of lights roadway
structurewill indicate to an officer stationed near a toll zone whether the driver
has seldeclared as an HOV &OV. The officer can then make a viseaeck of

the vehicle and determinevhether a seltleclared HOV does indeed have
multiple occupants in the vehicle. Suspected violators can then be pursued by the
officer.

CHP personnel indicate that even though this process may be happening at full
highway speeds, it will quickly become routine to officers.

Based on the information gathered during the intervi¢wesfollowing questions
were formulated:

Page 15



Metropolitan Transportation Commission IntelliDrive® White Paper and Workshop
IntelliDrive ** White Paper

1 What role could IntelliDrive play in the evolution toward a fully
automated system for enforcing occapyandbuffer zoneviolations?

1 In particular, can IntelliDrive technologigeovide lane level detection
that would support enforcement of buffer zone violations, as well as other
applications including toll collection and discrimination of vehicles
betweenexpresdanes and adjacent general purpose lanes?

1 What are the prospects fasingonboard occupancy data associated with
advanced airbag systems to provide accurate counts of occupants so tolls
can be charged accordingly?

1 Can occupancy counting systethst may be available in the ndarm,
such as roadside multiand nearinfrared systenfs be integrated with
IntelliDrive technologies to provide a tool that assists CHP in targeting
likely violators?

Back-Office Toll Processing

It was noted that the esting 915 MHz RFIBDbased FasTrak system provides a
perfectly acceptable means of collecting talis the Bay Arealt was also
recognized thathe useof IntelliDrive technologies, such as 5.9 GHz DSRéay

be beneficiaffor the more challenging set dbll collection needs inthe express
lane environment However, there may not be sufficient incentive for broader
change from 915 MHz to DSRC for all toll collection in the region.

Back-office administration for the FasTrak system, including issuing
transpaders, administering customer accounts, and the collection and processing
of toll revenuesis a significant effort for BATA. A longerm goal would allow
BATA to minimize or eliminate its role in the transponder and toll processing
business.

Based on thigliscussion, the following questions were formulated:

T What role coul d I ntelliDrive technol c
backoffice toll processing functions?

1 In particular, can IntelliDrive technologies facilitate the payment of tolls
through direct, ral-time interaction between vehicles and the networks of
the major financial institutions, such as credit card companies?

* See V. Goodin, J. Wikandert.a. Automated Vehicle Occupancy Verification Technologiéhite Paper

for the HOV Pooled Fund Studyrederal Highway Administration. Report FHWAOP-07-132. August

2007: AThe main potential benefit oifdagnessdswblyas i nfr ar ec
daylight. Infrared systems operating in certain wavelengths can utilize camera illumination that is outside

the visible light range and that consequently would minimize driver distractibime primary

developmental thrust for roaidie infrared occupancy detection systems has focused on near infrared (NIR)

systems, which detect the reflection of shorter infrared wavelengths from objects illuminated by a NIR

source. The NIR band is more suitable for occupancy verification purp@ses,is not as readily blocked

by vehicle glass or window tinfi
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4.1.2 Secondary Challenges
Driver Information

Fixed signingcurrently proposedbr implementatioron expresdanes before the
entrance paits, will convey information onhe variable toll rates fotrips totwo

exit points alongthe facility. Stakeholders felt that this was sufficient for the
initial expresdane corridors However there were several concerns raised about
the ability to eféctively communicate the informatiathat drivers would be
seekingover a sizable network oéxpresslanes. In addition to pricéor their
specific, intended exit poindrivers may also seek comparative travel times.

Given the physical and practical limitons of providing all forms of
individualized driver information on siggewithin the driving environment, the
guestion was raised as to whethgelliDrive technologies could support tailored
trip information for the userThere was also a suggestitmat the information
usedby a driver for trip planning purposes coudd made available tmodeling
applicationgo forecastconditions on the network.

Throughput Optimization

A number of issues were raised regarding the-teng efficiency of the freewa
systemas a wholeand the limitations of thexpresslane network to support
forecast demand. HOV demand in some corridors may necessitate a 3+ restriction
at the outsetwhile other facilities may experience growth in HOV demand that
will require a modication of HOV occupancy requirements over time.

With current and future limitations in riglaf-way and funding, there was
discussion that presented a view of freeway lane operations fréwolisic
perspectivegeffectively allowing for managed use ofi éanes. Ifthis philosophy
was to besupported as regional policypwd IntelliDrive technologiedacilitate
lane tollingat the precision requireallowing all freeway lanes to be managey
time-of-day?

Tolling and I ntegratedPayment

Stakeholdergecagnized that the legacyFasTraktoll system in the region is
effective at performingurrenttoll collection functions. Howevelithe question
was raised whetheintelliDrive applications could facilitate integrated fare
payment andrip creditsacross mulfle modeslit was asked whethéntelliDrive
technologiexould supporta universal payment mechanism.

Transit

Transit is an importardiomponenbf theexpresdanenetwork concept in the Bay
Area. There is a desire ttemondtatetransit benefitdo increasetransituse and
address equity concerni.was asked if IntelliDrive technologies couldpport
functions to achieve these objectivexluding integrated payment aneliable
travekler information
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5.1

STATUS OF INTELLIDRI VE*" PROGRAMS

This section prodes a background discussion of the national IntelliDrive
program, including the&eTrip-21 initiative

Background of IntelliDrive Program

The integration of information from vehicles and the roadway infrastructure to
facilitate the management and opera$i of the transportation system is a long
standing vision. The establishment of standard roadway signs and signals
provided a capable and trustworthy solution for many vyears. Increasing
congestion and limited resources, however, led to the conceptualizatid
development of intelligent transportation systems (ITS) and, in the first years of
this century, to vehicle infrastructure integration (VIl). TheSUDOT, the
American Association of State Highway and Transportation OfficdsSHTO),
stateand Iaal transportation agencijeautomotive manufacturers, ITS America
and others came together in 2004 to plan, research, and develop the vehicle,
roadway, and information systems that would be needed to achieve the vision for
VILI.

Communications between tiehicles and roadside, and from vehicle to vehicle,
were a key component of the VII architecture. This need had been recognized in
the 1990s, and in 1999 tlikederal Communications CommissidfCC) set aside
spectrum in the 5.9 GHz band for DSRigdicatedshortrange communications)
DSRC as conceivedwould be capable of providing secure, higdpacity low-
latencydata communications for a range of applications directed at improving
safety, alleviating congestion, and providing traveler informatiomdataization

of DSRC protocolsand messaging, and applications built on those standards
became the focus of muchttie earlyVIl development.

U.S. DOT and its partners initiated several related programs to research and
develop VII capabilities. The mostomprehensive program established a
cooperative agreement betweenSUDOT and the Vehicle Infrastructure
Integration Consortium (VIIC) to build and testVIl Proof-of-Concept(POC)

using DSRC. The POC developed onboard and roadside DSRC equipment,
estabished a backhaul network infrastructure for management and data
communications, and demonstrateatious safety, mobility, and commerchll
applications including probe data gathering, toll collection, and provision ef in
vehicle traveler information. e demonstrations were not without challenges,
however. Findings from the VII POC left open questions on many issues,
including the need foimproved positional accuracfrom GPS (the Global
Positioning System}he reliability of some DSRC connectionsg tomplexity of
security and privacyprotection schemes, and collection of probe data from
vehicles.

Subsequently, I$. DOT initiated the SafeTry21l program to accelerate the
process ofapplying alternative marketeady solutions to the challenges of
integrating vehicles and infrastructure. The California Connected Traveler Field
Test Bed was established under Safe’Pdpin the San Francisco Bay Area in
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5.2

2008 as one of two sites for demonstration of these types of solulieneral
applicationsare beingdemonstrated within the California Test Bed, addressing
the provision of multi-modal traveler information, probe data gathering, transit
parking information, work zone managemeand signalized intersection delay
monitoring. Unlike the VII POC, GR&nablel mobile phones using 3G
communications provided both probe data and user interfacasdoy of the
applicationgdemonstrated in California

The IntelliDrive Program Today

US.DOTods | n tMerodrampmovidesa conceptual framework for relating
these programs, technologies, and the resultant knowledge base. The program
(more fully described at its web siteww.intellidriveusa.ory addresses policy

and technology issugas well as providsa context ér further development. The
IntelliDrive program is generally descriptive of capabilities rather than particular
solutions, and expands on earlier VIl efforts to be more inclusive of alternative
technical approaches. The key concept in this approachfisshp en pl at f or mo
technologies, in which the IntelliDrive subsystems are defined by their
capabilities and interfaces rather than their particular technological
implementations. The need to have vehicles communivatelessly with
infrastructure, for wample, can be met by DSRG@r 3G cellular or radio
frequency identificationRFID) or other technologies, depending on the particular
requirements of those communications.

[ Level 1
Non-Vehicle-Based Data
Level1.B ‘ Level2.A Level2B Level2.C
Time Sensitive Non-Time Sensitive  Non-Time Sensitive Time Sensitive

Non-Proprietary Proprietary Vehicle  Proprietary Vehicle
Vehicle Data Data Data

[ Toling & E-Payment ' : ———
“Here | Am"
Messages

Real Time Traffic & Transit Management [=——

Commercial Vehicle Enfort t & Fleet Manag t i >
T T
([ Vehicle Manufacturers & Suppliers ]

Figure 3: IntelliDrive Development
(Ref: http://www.intellidriveusa.org )

Figure 3, as presented othe IntelliDrive web site, illustrates the relationships
between technological capabilities, IntelliDrive applications, and stakeholders.
The technical aspects eadistinguished by their interfaces and capabifities
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vehiclebased or notvehiclebased, time sensitive or not, proprietary vehicle data
or not. Applications are staged roughly according to the amount of data and
complexity of the interfaces needed to hiaie those applications. Stakeholders
thenrelate to the technical needs and interfaces.

Tolling and epayments which can be considered to include many of the key

attributes of aHOT lane applicatonoccupy a fdALevelthisl. AO po
scheme ofdevdopment for IntelliDrive applications. While thesapplications

provide tangible demonstration of IntelliDrive benefits, they do not require many

of the more complex technical capabilitieeeded inlater applications. As

described in the text that accompes the above figure, Level 1.A applications

Ado not refpasee dehacl eand can use fAmult
technologies. o0 These attributes provide
IntelliDrive-compatible tolling applications.

6 INTELLIDRIVE TECHNOLOGIES AND PRO TOCOLS

This section provides @discussion bthe potential communications protocols that
may be suitable for supporting IntelliDrive applications appropriateexpress

lane operations. The section concludes with a review of whaitriently known
about the plans of toll equipment and other vendors to develop 5.9 GHz DSRC
devices.

6.1 Scan of Communications Technologies f&xpressLane
Operations

Communications technologies are fundamental to the design and deployment of
IntelliDrive systems. Each technology has its own strengths and limitations, and
the choice of which technology to use in a particular application has significant
consequences for functional capability, performance, and reliability.

6.1.1 RFID

RFID technologies, particularlthose operating at 915 MHz, have become the
most generalhaccepted communication solutions for electronic toll collection in
the U.S. These solutions can be implemented using a simple systems architecture
and are direct to purpoddehey provide unique iderfication and other
descriptive attributes for vehicles as they pass detectors along a tolled roadway.
General standards for RFID data specifications and interfaces exist, but can allow
for a wide variety of implementations.

Technological strengths

 Proventechnical solution;
i Established vendor base;
1 Acceptable provisioning and operational costs.

Limitations

1 Multiple implementations; no uniform standards;
1 Low data bandwidth;
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6.1.2

T

Shortrange communications.

Demonstrations

il
1

Established market presence and accegtamong toll agencies and

concessionaires;

Numerous deployments in tolling, including both local and regional
systems.

Potential Applications

1 Vehicle identification in tolling;

il
il

Pointto-point probe vehicle travel times;
Lanelevel detectiorby installingantennas above each lanadusingan
algorithm to identify straddlingehicles

5.9 GHz DSRC

DSRC solutions have had a strong association with IntelliDrive and its VII
predecessor. In its most recent form, DSRC has become synonymous with
wireless commumiations in a reserved 5.9 GHz frequency band for the Wireless
Access in a Vehicular Environment (WAVE) protocol. Standards for 5.9 GHz
DSRC (including IEEE 1609 for WAVE and SAE J2735 for DSRC message sets)
have been drafted and continue to be developethe@sechnology acquires
momentum from demonstrations by multiple vendors and agencies.

Technological strengths

1 Designed specifically for vehicular environments;

9 Builds on prior 802.11 wireless communications standards;

1 High bandwidth;

9 Built for vehicleto-vehicle (V2V) and vehicko-infrastructure (V2I)
applications;

1 Low latency;

1 Securedata transmissions enhanced by shange communications.

Limitations

9 Still in development; no largscale deployment tests; no U.S. production
deployments;

1 Demonstrationtests to date have left unresolved technical issues

including:

1 Message prioritization between safety, mobility and convenience
applications is still being resolved,;

1 Incomplete hanaffs in overlapping roadside equipment coverage
can result in lost messagye

1 Probe data protocols require significant tuning to particular
applications;

1 Complex security management.
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Demonstrations

1 VII Proof-of-Concept demonstrations (Michigan Development Test
Environment (DTE)) (2008);
CICAS-V demonstrations (California DTE) @28);

VII tolling application test (Dumbarton Bridge, California) (September
2008);
1 OmniAir-Brisa E470 demonstration (Denver, CO) (July 2009).

Potential Applications

1
1

Vehicle identification and roadside exchange of transaction data in tolling;
Roadside exadmnge of data for dynamic pricing;

Roadside exchange of data foniehicle account management;
Pointto-point probe vehicle travel times and roadside collection of probe
data;

Roadside exchange of traveler information;

Secure roadside exchange of datafifancial transactions in baakfice
systems;

1 Lanelevel detection (with additional research and development).

il
il
il
il

E

6.1.3 3G Cellular

Third-generation (3G) wireless communications provide vetka voice and data
services through a single set of standards and tnicasre. The 3G protocols are
documented in the International Mobile TelecommunicatO@0 (IMT-2000)
standards and include a variety of technologies in wide deployment around the
world.

Technological strengths

1 Established technology with multiple vemd@nd service providers;
1 Almost ubiquitous U.S. coverage;

1 Good data bandwidth;

1 Wide-area coverage;

1 Cellular approach designed farcairedata transmissions

Limitations

1 Network latencies and relative unreliability make it inappropriate for real
time V2V and V2| safety applications;

1 Location and localization accuracy are generally not adequate for lane
level matching.

Demonstrations

1 Used for backhaul purposes in the VII California Test;Bed

1 Used inSafeTrip21 California Connected Traveler Field Test Bedoi®
Millennium project;

1 Demonstrated for backhaul purposes as part of VII POC in Michigan
DTE;
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6.1.4

6.1.5

1 Ford/Microsoft Sync;
1 OnStar.

Potential Applications

1 Exchange of transaction data in tolling;

1 Exchange of data for dynamic pricing;

1 Exchange of data for imehide account management;

1 Collection of probe data;

1 Exchange of traveler information;

1 Secure exchange of data for financial transactions in-bfiide systems.

WIMAX

WIMAX is a relatively new wireless technology designed to provide -high
bandwidth data commucations over a wide (or even metropolitan) area. The
WIMAX standards (IEEE 802.16) support both fixed and mobile
implementations.

Technological strengths

1 Long range (three to ten miles);
1 High bandwidth;
1 Established standards.

Limitations

1 Limited distributon of thirdparty services; custom installation is
expensive;

1 Unknown network latencies;

1 Localization not demonstrated; probably use Gleé8ved location.

Demonstrations

1 Available as commercial networking service in limited markets;
1 Demonstrated for backiul purposes as part of the VII POC in Michigan
DTE.

Potential Applications

Assuming that WIMAX service is available, it would facilitate the same
applications as indicated for 3G cellular communications.

1 Exchange of transaction data in tolling;

1 Exchange bdata for dynamic pricing;

1 Exchange of data for imehicle account management;
9 Collection of probe data,

1 Exchange of traveler information

Wi-Fi

The WiFi family of technologies provides wireless communications for local
area networks. Wii networking egipment is widely available and used in
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6.1.6

home, commercial, and industrial applications to reduce reliance on hardwired
local networks. The WFi protocols themselves are described by the IEEE 802.11
standards.

Technological strengths

1 Vast number of commem off-the-shelf products in a wide variety of
configurations;

1 Inexpensive to deploy;

1 Adequate bandwidth for HOT lane applications;

1 Localization capability has been demonstrated invedricular context.

Limitations

1 Unproven in HOT lane applications;
1 Not gecifically designed for mobile environments.

Demonstrations

1 Wi-Fi connections from vehicles-roadside collectors have been used in
IntelliDrive probe data collection schemes in Oakland County, Michigan;

1 Wi-Fi asset tagging is available from several wedand could be
adapted to tolling.

Potential Applications

Although WiFi might be adaptable to some tollinglated applications, more
appr@riate communications technologies are available for each such application.
LTE

Long-Term Evolution (LTE) is a né-generation (4G) mobile communications
technology currently in development. It will compete in many respects with
WIMAX.

Technological strengths

1 High bandwidth;
1 Increased cell spacing.

Limitations

9 Still in commercial vendor trials;
1 No commercial productsr services likely until 2011 at the earliest.

Demonstrations

1 No enduser demonstrations currently available;
1 Expected to operate much like current generation of 3G cellular services.

Potential Applications

1 LTE communications could facilitate the same laggpions as indicated
for 3G cellular communications at such time as LTE becomes
commercially available.
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6.2 Scan of Enabling Technologies fdExpressLane Operations

6.2.1 Positioning Systems

Positioning systems are a central component of many IntelliDrive apptisa

For these applicationst is desirable to provide a system that can provide-lane
level positioning accuracy; generally defined as a 95 percent Circular Error
Probability (CEP) of less than Jter(m).

Most positioning system solutions incorporat®$in some formThe use of

differential GPS (DGPS) can increase positional accuracy by supplementing the
positional information from the satellite network with position information from

fixed, groundbased reference stations. A nationwide network of DGR8ons

(the NDGPS) is operated by the U.S. Coast Guard (authority that was originally
granted to them by the U.S. Department o
transfer to the Department of Homeland Securify)e accuracy of NDGPS is

reported to bé&5 cm at 100 km from the reference station.

Carrier Phase DGPS, an approach used in-&égliracy surveyingquipmentcan

further improve positional accuracy; even to a3®0cm 95% CEP. However, this

is achieved at a significantly higher equipment cos$he present time. Positional
accuracy for moving vehicles can be further enhanced through the combination of
appropriateGPS solutionswith inertial navigation systems (IN@nd distance
measurements from pulsed wheel sensiNS devices use onboard cpuaters

linked to motion sensors (accelerometers) and rotation sensors (gyroscopes) to
calculate the current position, orientation, and velocity of the vehicle using dead
reckoning.

Two recent assessments of positioning system accuracy are of parti@uancel
to this white paper.

VII Proof-of-Concept (POC) Positioning System Tests

A series of positioning system tests were performed by the VIIC during the POC.

This included a test to determine if a 95% CEP of less than 1 m could be achieved

using two lowcost commercial GPS systems onboard the test vehicles. The test
vehicles were operated on a test track; straight and slalom courses on a closed
facility; and on the open highway. Posit
onboard equipment was comparetthwdata from a survey grade positioning

system that provided ground truth. The two commercial GPS systems used in the

test are not identified in therojectreport.

Test results show that neither GPS receiver was able to meet the desired 1m 95%
CEP accuacy: one device achieving a 95% CEP of 6.13 m, and the second
achieving a 95% CEP of about 10 m. Analysis of the results indicates that greater
accuracywas achieved when vehicles are traveling on straight sections of road,
but positional accuracy deteraied when the vehicle experierteapid changes

in direction in either latitude or longitudeThe report suggests that there is

*U. S. DOT Research and I nnovative Technol ogies Admini
Findings Summary Ve hi cl e. Final Report. o Prepared by the VII
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potential to solve this issuesing filters that treat latitude and longitude measures
together as a coupled pair of functioregher than independenthdditional
testing usingHigh-Accuracy NDGPS corrections did not substantially improve
positional accuracy for either receiver.

Caltrans Testingof Carrier Phase DGPS aided INS

Caltrans has funded work by the Department of EletrEngineering at the
University of California, Riverside to develop a roadway relative position
determination system for snow plows. The system must be capable of maintaining
vehicle position to an accuracy within a few centimeters. The system developed
comprises & INS aided by Carrier Phase DGPS. The system has been
successfully tested on a section €30 near Donner Pass in the northern Sierra
Nevada which has challenges to accuracy related to terrain and vegétation.

As noted earlier, equipment d¢ssfor Carrier Phase DGPS are relatively high
compared to other solutions at the present time. Caltrans estimates costs to be
around $25,000 for each base station (which must maintaioflisight with the
equipped vehicles), an®0,000 for eaclon-vehide receiver While this would

not be practical for a large scale IntelliDrive deployment in the-tezar, there

may be value in limited testing of the technology during the Phase 2
demonstration.

6.2.2 Bluetooth

BluetoothE is a wirel ess -rangenmlataexchanget i ons |
between devices, originally designed to be used in place of cabled connections.

The technology has been implemented in a wide variety of personal
communications and computing vilees; from mobile phones and headsets to

computers and printers. The Bluetooth specifications, available at
www.bluetooth.com have been developed and maintained by the Bluetooth

Special Interest Group.

Technologcal strengths

1 Established technology with multiple vendors;
1 Simple, inexpensive technology;

1 Established standards;

1 Designed for mobile, discoverable connections.

Limitations

91 Limited range (up to 100 meters);
1 Demonstrated only for basic traffic data calieo.

Demonstrations

9 TrafficCast BlueTOAD;
I Traffax BluFax.

®Farel | , Jay A., fACarrier Phase Differential GPS aided
65A0178, Final Report, (undated).
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Potential Applications

1 Vehicle identification in tolling, particularly when coupled with other
communications services to be provided by 3G cellular or WiMAX;

1 Pointto-point probe vehicle travelrties;

1 Lanelevel detection (with additional research and development).

6.3 Scan of Vendors

This section presents a scan of system and equipment vendors in technological
areas applicable to an IntelliDrimased HOT lane demonstration. This white
paper does nandorse any specific vendor products. It is also acknowledged that
the product field is constantly evolving, and new products not referenced here
may become available. The material in this section is intended to confirm that
products exist to support aaldle demonstration.

6.3.1 Potential Vendors for Dual Mode 915 MHz RFID and 5.9 GHz DSRC Tolling
Systems

Kapsch

1 Established tolling products widely used in Europe;

1 Purchase of DSRC products from TechnoCom Corporations in August
2008 provided entry to U.S. Inti€rive market;

1 Recently issued press release on dual mode 5.9 GHz/915 MHz
demonstration478n Col oradods E

MARK IV

1 Widely deployed 915 MHz RFID tolling solutions used inZBass
systems throughout the northeastern U.S.;
1 Announced successful testing dfial mode JANUS tolling reader in
September 2008;
TransCore

1 One of the four original 2005 DSRC development partners (with Sirit,
Raytheon, and Mark 1V);

1 Announced availability of dual mode 5.9 GHz/915 MHz Encompass
solution in 2005;

1 Have published paperstating expectation that DSRC for tolling
applications is not yet ready for deploymi&ntThe gist of the concern is
that DSRC technology is not mature enough compared to existing 915
MHz solutions to scale to current tolling deployment nééds.

" Kapsch TrafficCom AGhttp://www.kapsch.net/en/ktc/press/articles/files/PA_KTC-5.9
GHz_tolling_technology at _the_Trial_Facility in_Denver_Colorado_ENacfessed September 30,
2009)

M schnacke, DickColliding Gracefully TollTrans 2005.
http://www.transcore.com/newsroom/pdf/TollTrans%20Schnackégudessed August 7, 2009).

8 Gravelle, Kelly. A Sticking Point? TollTrans 2007ttp://www.transcore.com/pdf/tolltrans2007.pdf
(accessed September 30, 2009).
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Raythem

1 One of the original 2005 DSRC development partners;

1 Awarded Florida turnpike contract in 2006, but did not implement DSRC;
1 Participated in VIl POC development;

1 Have not announced any commercial DSB&Ged tolling system.

1 One of the original 2005 DBC development partners;

1 Have 5.9 GHz DSRC sniffer product for analysis and verification of
DSRC data packets;

1 Have not announced any commercial DSB&Ged tolling system.

Savari

1 Have multifunction communications components for both vehicle and
roadside; over both 915 MHz RFID and 5.9 GHz DSRC;

1 Represent their vehicle and roadside components as a platform for E
payment applications, but have not announced any commercial DSRC
based tolling system.

6.3.2 Possible Vendors forPositioning Systems

There are multiplerendors offering an enormous variety of GPS products and
integrated system solutions that could be explored for a Phase 2 demonstration.
These providers include Leica, NovAtel, Trimble, and Raytheon. The wide range
of product offerings makes it difficultotrecommend a shortlist of candidate
vendors.

The report on the positioning system testing at the VIl POC does not identify the
GPS system providers. Caltrans has identified NovAtel as their provider of
Carrier Phase DGPS equipment for threimdway relatie position determination
system testing.

6.3.3 Possible Vendors for Bluetooth Technology
Traffax BluFax

1 Senses passing Bluetooth transceivers as the basis for collecting traffic
data (for example, travel timé8)

Based on technology developed at the Universitylaryland™;

Used as part of the validation of th®@15 Cor ri dor Coal i t i
probe project and in other traffic studies;

1 No specific information on applications in tolling products.

T
il

°TC IP, Ltd.Achieving National Toll System Compatibility t | sndét Rocket Science
http://www.transcore.com/pdf/Interoperability hite-Paper2009.pdf(accessed September 30, 2009).

10 http://www.traffaxinc.com/

™ University of Maryland Center for Advance Bnsportation Technologluetooth Monitoring

Technology Concept of Operation & Deployment Guideingsy.catt.umd.edu/documents/UMBT -
Brochure_REV3.pdfaccessed October 7, 2009
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TrafficCast BlueTOADM

1 Senses passing Bluetooth transceiverbi@adasis for collecting traffic
data (for example, travel timés)

1 Incorporates wireless mesh networking and cellular data packet backhaul
for traffic monitoring;

T Provides data integration with Traffic
traffic information prodict;

1 No specific information on applications in tolling products.

7 ANALYSIS OF USE CASESFOR EXPRESSLANE
OPERATIONS

This section identifies use cases of IntelliDrive technologies for the deployment
and operations ofxpresslanesin the Bay Area Opportuniies for using
IntelliDrive technologies, as well as potential challenges, are identified and
recommendations arprovided. The recommenations include identification of
specific wireless communication technakesgyand any other technolaags needed

for sucessful demonstration of the use case

Selected use cases are recommended for proposed Phase 2 field testing. The
recommended use cases are those that appear to have the greatest potential to
satisfy criteria that are included in the following list:

1 The ue case emphasizes one or more IntelliDrive technologies that can
support the operational needs of the express lanes in the Bay Area;

1 The use case holds the promise to solve a major challenge identified by a

stakeholder;

The use case is technically feasitnlehe relatively neaterm;

The use case offers the potential to offer a significant advance from the

current state of the practice in either technology application or express

lane operations.

T
T

7.1.1 Toll Collection

Tolling has been considered &mtelliDrive use casesince the beginning of the
national VII program. At that time, 5.9 GHz DSRC was the core communications
medium, and this technology remains wslited to the low latency, secure
transactions that characterize toll collection.

An essential componérof any expresslane implementation is the ability to
collect tolls fromLOVs that elect to use the express lane, while providing free
access to the lane for those vehicles that meet the high occupancy criterion. It
appears that viable toll collection atibns have been identified for the initial Bay
Area expressane implementations by leveraging existing FasTrak systems and
using either new switchahleccupancy selfleclaratiortoll tags in all vehicles, or

2 TrafficCast International, IncT, r af f i ¢ Ca s [MdodMoridr Traffit Osk@ Bluetooth
http://trafficcast.com/news/article/13@ccessed October 7, 2009).
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by requiring HOV users to remove and protietir toll tag to avoid a charge at a
expresdane tolling zone.

However, there appear to be potential advantages to developing a demonstration
that includes toll collection based on 5.9 GHz DSRC equipment. In general, a
demonstration of DSR®@ased toll cthection in the Bay Area will help advance

the state of knowledge relating to this technology, building on the recent tests
conducted on the-E70 toll facility in Denver. Any assessment of toll collection
using DSRC during the demonstration should comdid¢h the development of
appropriate interfaces to the existing FasTrak systems, including the use of
current bacloffice systems and the ability to minimize
processing responsibilities in the bauftice as described iBection7.1.4below.

As discussed below, there are several technical challenges with any toll collection
technology that can be explored in more detail as part of the demonstration. In
addition, the use of DSRC appears to open up opportunities to address other
opeaational needs that are uniqueeixpresdane implementations.

Opportunities

Kapsch haseported thaits DSRC technology can achieve very high read rates
(significantly higher than those typically reported for toll operations in California
using 915 MHzdevices).The company reports that its systeoilected 100% of
more than 10,500 DSRC sample passsisga fleet of 27 vehiclés,

Kapsch haslso reported thats DSRC productcan accurately locate a device
equipped vehicle within a specific traffic mithout any additional ivehicle
equipment, such as GPS. This approach comithimize the highway
infrastructure needed to prevent crtese reads in the type of open highway
situation whergHOT lanes will run adjacent to general purpose.

TransCore an&apsch have reported & ort s t omadedt 1 51 dMd / 5.
GHz readers and tag§he availability of products with this capability could help

address concerns regarding the significant existing investment in 915 MHz
technology for FasTrak in Califori

A practical consideration for BATA is the cost of replacing existing 915 MHz
FasTrak transponders every five to seven years when the battery fails. There may
be an opportunity taleploy IntelliDrive technologies onboard the vehicle that
draw power fronthe vehicle itself, thus avoiding this recurring expense.

Challenges

Results from independent testing -of the a
vehicle devices within a langithout additional irvehicle equipment or a muti
lane roadway infrastraigre are not yet available frotdapsch

There is enormous investment in the Bay Area in 915 MHz equipment for toll
collection. While the implementation #fOT lanes provides an opportunity to

13 fkapsch report accuracy 000% in electronic toll tests with 5.9GHBwWRI tests 6 T o | | Roads News,
posted 29 October 2008ttp://www.tollroadsnews.com/node/3804
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require users to obtain an alternative technology, a broadsitioa plan would
be needed to switdl toll collection equipment to the new technology.

At the present time, it is believed that only 915 MHz RFID and 5.9 GHz DSRC
are sufficiently weHldeveloped and tested to be considered viable for toll
collection sing vehicleto-infrastructure communicationsA recent report
indicates thatGPSbased technologies arkeing considered as a potential
technological solution to aggregate miles driven for direct milkaged road

user charginy. It is assumed, howevetat such an approach would still require

a communications path between the vehicle and the roadside, such as that
provided by DSRC or 3G.

Recommendation
Toll collection is a viable use case for the Phafiel@ test
Possibletestscenariogor Phase? include the following:

1 Use of 5.9 GHz DSRC equipment mounted the existing overhead
structures,over theexpresslane aloneto determine the ability of the
technology to differentiate vehicle location in a ntdme situationThis
test should be cdigured in a manner that explores the possibility of
reliable toll collection in a roadway layout that provides continuous
access to thexpresdane

1 Use of duatmode 5.9GHz/915 MHz readers and tagwith the 5.9
GHz/915 MHz equipment mounted on thexising overhead structure
alongside theexisting915 MHz equipmento evaluate the effectiveness
of the dualmodetechnology and its compatibility with existing FasTrak
operations.

1 Use of5.9 GHz DSRC equipment mounted on the side of the road
potentially in conjunction with high-accuracy positioning equipment
onboard the vehicle, to evaluate the capabihtylane level detection
without the need for an overhead structuaad the capability for toll
collection.

7.1.2 Dynamic Pricing

A key aspect of &HOT lane depbyment is the ability to implement dynamic
pricing. A communications path into the vehicle offered by IntelliDrive provides
greater flexibility for dynamic pricing approaches.

Opportunities

Foremost among the opportunities that should be part of a deatastis the
provision of dynamic pricing information to help drivers make decisions about
their use of a expressane. A demonstration project should include the use of the

4 Texas Transportation Institute, Proc. 2009 Symposium on y#iBased User Fees, Austin, TX, April
14-15, 2009 http://utcm.tamu.edu/mbuf/proceedings/documents/mbuf09 _proceedings.pdf
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secure, higkspeed communications channel offered by DSRC to allow drivers to
calculate and see thedxpresdane usage fees displayed onboard their vehicle for
any destination they sele&.demonstration of dynamic pricing capabilities could
include the provision of other4vehicle user account management tools.

It would be desirdle for a driver to determine their toll based on current charging
rates at points well in advance of aegpresdane facility, and to be alerted if this

toll has changed at any point prior to them enteringettesdane, as demand
increases or decreasand charging rates change. The effects of changing rates
once a driver has entered the facility would need to be a policy decision; however,
a demonstration project would provide the opportunity to assess the technical and
user response aspects of chagdees during a trip.

The demonstration projecbuld also allow users to interact with their dfbard

toll account. Access to information such as remaining account balance, in near

reat i me may i nfl uence aexpresiaveeormd Shedseci si on
of DSRCor 3G as a means of providing account information into the vehicle

couldbe assessed during the demonstration.

The demonstration could also provide an opportunity to assess other payment
mechanisms, such as charging an individual toipatcredit or debit card, or
deducting the fee from an onboard electronic purse, instead of debiting-an off
board account. The existing FasTrak toll collection system provides cash
replenishment accounts for users who desire higher levels of privacy ratie fo
unbanked community. This application may appeal to that user group; although it
is reported that there is minimal usage of this option by current FasTrak users. A
further reason, however, for addressing this topic in the demonstratitwe is
understading that it is being discussed in thetelliDrive Based Payments
Concept of Operatiod3currently under development for U.S. DOT.

Currentexpresdane deployment plana the Bay Areaall for dynamic message
signs prior to the ingress points on theelafihese signs can provide only limited
amounts of pricing information, and may require the driver to estimate the fee
they will pay based on the information presentBdie to thehuman factors
limitations and dynamic message sign physical limitat{@es limited numberof
charactersavailable on the signnot all destinations with prices can be displayed.

It has been suggested that this may lead to conservative decisions by drivers when
approaching thexpresdane.

IntelliDrive will allow pricing information to be transferred into the vehicle, and
alternative prices for different trip options displayed to the drivetvelmcle
systems can also allomore time for the driver to process information and allow
the driver to determine the total price fantplex trips over multiplexpresdane
segments, which will be particularly important as ¢ékpresslane network grows
throughout the Bay Area.

15 At the time of writing this white paper,ghreferenced Concept of Operations is still under development
for U. S. DOT by Booz Allen Hamilton.
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The ability to provide information #wehicle also provides the opportunity to
adjust pricing at various de@# points for a driver who has already begun a trip
on an expresdane. It is generally believed that with current approaches, once a
driver has committed to a trip om &xpresdane their trip price will not change
within the corridoy irrespective othe prices that are being charged to new drivers
entering the facilityHowever,this future scenariovould provide the opportunity

to evaluate the policy options of changing the pricing structure for a driver who
has already enterech &xpresgane.New picing information could be presented

to thedriver, who couldthenchoose to continue on tlexpresdane or exit back

to the general purpose laregsthe next available opportunity

Challenges

Presenting decisioeariented information to a driver while élf are operating a
mot or vehicle presents its own set of
cognitive ability to process the information while drivinghe drivervehicle
interface (DVI) is technically challenging and potentially expensivegAifscant

effort in the CICASV'® project was on developing a DVI that was effective but
not too distractingTherefore, although IntelliDrive provides a pathway to get a
large amount of information into the vehicle in réale, the means by which the
information is presented and any tasks that must then be performed by the driver
must be carefully examined.

Recommendation

Selected aspects of dynamic pricing form a viable use case for the Phase 2 field
test. Other elements are likely to detside the tirmg and scope dPhase 2and
arerecommendedsresearch projects.

1 The ability to pass dynamic pricing information into the vehicle in-real
time using an appropriate communications channel such as DSRC or 3G
can be evaluated as a use case during the PHadd f&st. This use case
should be conducted under strictly controlled conditions using selected
test subjects to address any safety issues associated with-vbleidle
interface. This use case should not be made more generally available to
drivers usng their vehicles in the HOT lane under normal operating
conditions.

1 The evaluation of account management tools is a lower priority for the
Phase 2 field testThis recommendation tsased on theninimal usage of
similar features in the existing FasTralstgm.

1 The development and assessment of an appropriate DVI for this
application is beyond the scope of the Phase 2 field test but merits
additional research.

1 CICAS is a U.S. DOT program to facilitate the implementation of cooperative intersection safety systems
that effectively reduce the number of intersectivashes. CICAS/iolation (CICASV) is a system that
warns the driver via animehicle device when it appears likely that the driver will violate a traffic signal or
stop sign. The CICAY system is being developed under a partnership agreement with cdoifeom
manufacturers.
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7.1.3 In-Vehicle Account Management

IntelliDrive can provide a communications path between a vehicle aand
i ndi v FadTuaktoll @ccount.

Opportunities

Questions remain regar diexprgsdaaatoll priond.i vi dual C
It is possible that a driver will want to consider the available balance in their toll

account prior to a decision tse @ expressane. This application would allow a

driver toobtain a reatime update of their account statastheir vehicle before

making a decisionThis information would not have to wholly reside onboard the

vehicle unless there is a desire to amoize or localize that information. Instead

the data could be presented within the vehicle, with the data coming over a secure
connection from a baeknd accountingystem

The current FasTrak toll collection system in the Bay Area allows users who
desireanonymity or do not have a bank account or credit card to establish an
account into which they make replenishments in person. It is possible that
IntelliDrive could also support the development of ataard electronigurse

that would be used bsimilarindividuals without bank accounts or those wishing

to have anonymous transactions. A cash balance could be maintained onboard
their vehicle and funds withdrawn at the time of transact@®nvariety of
technology options could be applied to this use cas#)dimg prepaid cards
purchased or replenished at retail outlets in the Bay Area and inserted into an
onboard reading device; the driver inputting credit card details via an onboard
device or the use of contactless credit or debit cards interactinganpttoximity
reader in the vehicle.

Challenges

Again, issues exist relating to the complexity of tasks that individuals would need
to perform while driving.

The concept of maintaining funds in-vehicle systems would create security
challenges, and the @@ for a broader infrastructure that would allow individuals
to load funds onto the device.

Recommendation

Selected aspects of-irehicle account management form a viable use case for the
Phase 2 field test. Other elements are not recommended for Phase 2.

1 The ability to pass account balance information into the vehicle in real
time using an appropriate communications channel such as DSRC or 3G
can be evaluated as a use case during the Phase 2 field test. This use case
should be conducted under strictly amiied conditions using selected
test subjects to address any safety issues associated with-vibleidie
interface. This use case should not be made more generally available to
drivers using their vehicles in thexpresslane under normal operating
condtions.
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1 The evaluation of other account management tools associated with
anonymization or onboard purses are a lower priority for the Phase 2 field
test. This recommendation is based on the minimal usage of similar
features in the existing FasTrak system.

7.1.4 Back-Office Toll Processing

IntelliDrive technologies could provide a mechanism to reduce or eliminate
certain backoffice toll transaction processing functions performed by BATA for
both the express lane network and ultimately the toll collection sykiertne
bridges

Opportunities

The current FasTrak system requires users to establish an account with BATA and
to maintain a balance in that account. As each vehicle passage through a toll plaza
is registered by the system the appropriate toll is deducted fhe account

bal ance and transferred to the agency
falls below a pradetermined level, the account is replenished; typically through a
charge to the usero6s credit card.

The demonstration would provide an oppaity to assess the potential to
eliminate user accounts for toll transactions, and instead initiate-anneatredit

card transaction each time a vehicle passes through a tolling zone. The use of the
high-bandwidth, secure communications channel aasetiwith onboard DSRC
equipment could facilitate the transfer of credit card information to the
appropriate financial institution. BATA would then receive paymioin the

credit card company in a similar manneptberretail transactions.

Mechanisms fo the driver to provide their credit card informationviehicle

could include inputting details through a keypad or tesmieen, or the use of
emerging contactless credit and debit cards and an onboard proximity fdssler.
Utah Transit Authority is deplying a system using contactless credit and debit
cards for paying bus far€s Transactions are securely encrypted at the onboard
reader for subsequent downloading and processing by aptiitg provider.In
Germany, a new toll collection system for tragbn 12,000 km of the autobahn
system called LKWMAUT collects fees based on mileage driven, number of
axles, and emissions category of the vehicle. This system uses an onboard unit
linked to GPS, the vehicle odometer, a digital map, and a wireless
commtlljgli:ations device. The wireless connection is used to authorize payment of
the toll™.

Challenges

Credit card companies typically will not accept the multiple small transactions
that would be characteristic of re@he toll collection, instead requiring thetm
be batched and sent for processing periodically. This may require BATA to

7 http://Iwww.rideuta.com/ridingUTA/amenities/electronicFarefaqg.aspx
18 http://www.roadtraffictechnology.com/projects/lkamaut/
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7.1.5

maintain some appropriate bacKice capabilities for this purpose, or use a third
party service provider to perform this function.

The invehicle toll collection environment @presents challenges for authorizing
credit card transactions. BATA is used to a situation in which users maintain
funds in an account that is debited as the toll transaction occurs; effectively
guaranteeing payment of the toll. In the event that a useseg through a toll
plaza without sufficient funds, a toll violation is recognized immediately and
automated enforcement is initiated.

I n a traditional retail environment,
authorized atthe point of sale Even if the transaction is then batched and
subsequently processetie retailer is assured payment for the transaction. In the
use case envisioned here, there is no simple mechanism to immediately authorize
the toll transaction.

However, the New York Metropolitafiransportation Authority allows the use of
the MasterCard PayPass, a contactless credit card, for subway fare payments. In
this systempPayPass cardare read at thaurnstile andwithin 300 milliseconds
the user is grantedccess to the system. Thsefs account is not charged at this
point instead, a preliminary approval verifiesly that the card is legitimatdhe

c ar d h ditstdransa@t®ns alwaysapproved, even if their account is not in
good standing. The account status is checked latehieh time the system gives
the usertemporary approval faadditionalfare purchasethatare aggregated into

a single transactiod either when their value reaches $15 or in two weeks' time,
whichever comes first. At this point the account status iskdteagain, and if it

is in good standing theseris given another approval, which lasts until the next
aggregatiort?

Recommendation

Back-office toll processing forms a viable use case for the Phase 2 demonstration.
A pilot test should be constructedat demonstrates the ability to process toll
transactions using credit and/or debit cards. The test should demonstrate the
ability of adriver to provide credit card details through thetvehicle equipment
followed by thesecuretransfer of the datasingDSRC. The pilot test will likely
require the participation of an appropriate financial institution, and may require
either a batching and processing capability at BATA, or use of a third party
service provider.

Vehicle Occupancy

Knowledge of the number obccupants in a vehicle is important to HOV
compliance ancexpresdanetoll charging. While IntelliDrive technologies may
appear to offer solutions to this need, the challenges may be insurmountable at
this time.

“Wol fe, Daniel, fiMasterCard: Contactless Fares Well

http://www.americanlréker.com/issues/173_153691031.html
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Opportunities

In theory, data on driver drpassenger seat occupancy exists onboardethiele

for use in smart airbag systems. This data, if accessible, could be used to provide
an automated count of vehicle occuparoythe shorterm, other technologies,

such as roadside utii-band nearinfrared (NIR) may bethe most promising
solution However, thigechnology has still not been proven in independent field
testing in aHOT lane environmenflesting inthe San Diego region is planned for
2010

Challenges

For the Phase 2 demonstratianisi urlikely that vehicle occupancy data will be
easily accessible through the vehiclebs
safety systemHowever, t may be possible thathicle manufacturersould be

willing to cooperate i research project in thisem

In the short term, it ikely that vehicle occupancy information will require some
form of seltdeclaration by the driver, such as the use of switchable tagmn
NIR-based technologyinformation from thesesystemscould, however, be
integrated wh other onboard IntelliDrive devices and communicated to roadside
equipment.

Recommendation

Because of the anticipated difficulties with accessing vehicle occupancy data
through the vehicleds OBDI I port, the ve
recomnended forPhase 2.

The results of testing of mulbiand IR technologies in San Diego should be
reviewed before considering such systems for the Phase 2 field test.

7.1.6 Automated Enforcement

Automated enforcement is a desirable application HQI lane enviroment.
However, it will present both technological and institutional challenges. At the
present time, CHP must play a direct role in the enforcement of any HOV or
moving violation. Toll violation enforcement anaccupancy violation
enforcement could contieu to be further automated through the use of
technology.

Opportunities

Opportunities and challenges relating to the automated detection of vehicle
occupancy are described aboveSaction 7.15 on vehicle occupancy. These
directly translate to similar opptoinities and challenges that would be
experienced in the automated enforcement of HOV violatidwsarterm
technology useswitchable oself-declaration tagsvhich provide the opportunity

to report occupancy to the roadside infrastructure or to ebbugguipped patrol

car. In these cases, the police officer will be required to visually valitiate
occupancyof seltdeclared HOVs
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