hnical :

1. REPORT No. 2. GOVERNMENT ACCESSION No. ﬁl RECIPIENT'S CATALOG
0.

UCB-ITS-PRR-2011-04

4. TITLE AND SUBTITLE 5. REPORT DATE

Implementation and Evaluation of Automated Vehicle May 2011

Occupancy Verification
6. PERFORMING ORGANIZATION

7. AUTHOR(S)
Ching-Yao Chan, Fanping Bu, Krute Singa, Huili Wang 8. PERFORMING ORGANIZATION REPORT No.

9. PERFORMING ORGANIZATION NAME AND ADDRESS

California Partners for Advanced Transit and Highways
1357 S. 46th Street

Building 452 11. CONTRACT OR GRANT No.
Richmond, CA 94804-4603 65A0291

10. WORK UNIT No.

13. TYPE OF REPORT & PERIOD COVERED

12. SPONSORING AGENCY NAME AND ADDRESS Final, 7/1/2008 - 3/31/2011

California Department of Transportation
Division of Research and Innovation, MS-83 14. SPONSORING AGENCY CODE
1227 O Street,Sacramento, CA 95819

15. SUPPLEMENTARY
NOTES

16. ABSTRACT

Vehicle occupancy verification is a principal impediment to more efficient HOV/HOT lane enforcement. However, no
automated solution has yet been developed for permanent field implementation. Given widespread plans for development of
HOV and HOT lanes in a number of metropolitan areas, improved vehicle occupancy verification techniques urgently need to
be explored as well as the legal and institutional barriers to their implementation.

A research project to evaluate the technologies for vehicle occupancy verification was conducted by California PATH of
University of California at Berkeley. The main role of the research team, under the sponsorship of Caltrans, was to act as
independent evaluators in the process of identifying, selecting and testing concepts and methods for automated vehicle
occupancy verification (AVOV) that can be adopted for future field implementation. Two subject areas are covered within this
report: one on the evaluation of automated enforcement via the use of roadside infrared camera and the other on surveys of
self-declaration systems and implementations.

Automated Vehicle Occupancy Verification

Chapter 2 first gives an overview of the technology selection process and the specific features of the selected equipment,
dtect system. Chapter 3 is dedicated to the description of test results, which is then followed Chapter 4 with a summary of
observations and conclusions.

17. KEYWORDS

High-Occupancy Vehicle (HOV) Lanes, High-Occupancy Toll (HOT) Lanes, Managed Lanes, Express Lanes, Vehicle
Occupancy Detection, Enhanced Vehicle Occupancy Verification (EVOV), Automated Enforcement, Infrared Camera, Self-
Declaration System, Transponder, Electronic Toll Collection.

18. No. OF PAGES: 19. DRI WEBSITE LINK
97 http://www.dot.ca.gov/newtech/researchreports/reports/2011/ucb_its_prr_2011 04.pdf

This page was created to provide searchable keywords and abstract text for scanned research reports.
June 2011, Division of Research and Innovation



DISCLAIMER STATEMENT

This document is disseminated in the interest of information exchange. The contents of
this report reflect the views of the authors who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the
official views or policies of the State of California or the Federal Highway Administration.
This publication does not constitute a standard, specification or regulation. This report
does not constitute an endorsement by the Department of any product described herein.

For individuals with sensory disabilities, this document is available in Braille, large print,
audiocassette, or compact disk. To obtain a copy of this document in one of these
alternate formats, please contact: the Division of Research and Innovation, MS-83,
California Department of Transportation, P.O. Box 942873, Sacramento, CA 94273-
0001.



CALIFORNIA PATH PROGRAM
INSTITUTE OF TRANSPORTATION STUDIES
UNIVERSITY OF CALIFORNIA, BERKELEY

Implementation and Evaluation of
Automated Vehicle Occupancy Verification

Ching-Yao Chan, Fanping Bu, Krute Singa, Huili Wang

California PATH Research Report
UCB-ITS-PRR-2011-04

This work was performed as part of the California PATH Program of the
University of California, in cooperation with the State of California Business,
Transportation, and Housing Agency, Department of Transportation, and the
United States Department of Transportation, Federal Highway Administration.

The contents of this report reflect the views of the authors who are responsible
for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policies of the State of California. This

report does not constitute a standard, specification, or regulation.

PATH Research Report on Technical Agreement 65A0291-77754

May 2011
ISSN 1055-1425

CALIFORNIA PARTNERS FOR ADVANCED TRANSIT AND HIGHWAYS






| mplementation and Evaluation of
Automated Vehicle Occupancy Verification

Ching-Yao Chan, Fanping Bu, Krute Singa, Huili Wang

California PATH
Univerdity of California at Berkeley



ACKNOWLEDGEMENTS

The authors wish to express their gratitude for shpport by Caltrans for this project. The
research team is grateful for the kind assistarite¥enl by SANDAG, HNTB, Caltrans, CHP,
and all other partners during the performance eftbrk in the project.

The contents of this paper reflect the views ofghthors, who are responsible for the facts and
accuracy of the data presented herein. The ctantlennot necessarily reflect the official views
or policies of the State of California.



ABSTRACT

Vehicle occupancy verification is a principal impadnt to more efficient HOV/HOT lane
enforcement. However, no automated solution hasbgein developed for permanent field
implementation. Given widespread plans for develepimof HOV and HOT lanes in a number
of metropolitan areas, improved vehicle occupanesfication techniques urgently need to be
explored as well as the legal and institutionatibes to their implementation.

A research project to evaluate the technologievdbicle occupancy verification was conducted
by California PATH of University of California atdskeley. The main role of the research team,
under the sponsorship of Caltrans, was to act dependent evaluators in the process of
identifying, selecting and testing concepts and ho#$ for automated vehicle occupancy
verification (AVOV) that can be adopted for futdreld implementation. Two subject areas are
covered within this report: one on the evaluatidnaotomated enforcement via the use of
roadside infrared camera and the other on survelyssalf-declaration systems and

implementations.

» Automated Vehicle Occupancy Verification

Chapter 2 first gives an overview of the technol@pfection process and the specific
features of the selected equipmaetiect system. Chapter 3 is dedicated to the descrition
test results, which is then followed Chapter 4 wghsummary of observations and
conclusions.

» Self-Declaration Systems and Implementation

Chapter 5 first provides descriptions of severpgksyof transponders and then discusses the
enforcement, regulations and privacy factors itizitig transponder technology. Chapter 6
describes the violation and enforcement technotogsed in HOT lane projects planned or
in operation in the United States, which is follaey Chapter 7 with a summary of relevant
factors and policy considerations.

Key Words: High-Occupancy Vehicle (HOV) Lanes, High-Occupanioyll (HOT) Lanes,
Managed Lanes, Express Lanes, Vehicle Occupancgcben, Enhanced Vehicle Occupancy
Verification (EVOV), Automated Enforcement, InfradreCamera, Self-Declaration System,
Transponder, Electronic Toll Collection.



EXECUTIVE SUMMARY

Efficiently operated High Occupancy Vehicle (HOW High Occupancy Toll (HOT) lanes

increase travel speed, reliability, and the vehamel person-carrying capacity of roadways in
urban areas. The success of these HOV/HOT fasiléie a viable transportation strategy is
dependent upon the enforcement of occupancy regugatFor HOV/HOT and managed lanes
with road pricing that varies with vehicle occupgngersistent violation problems can result in a
significant amount of lost revenues. On-site nammig and enforcement of these regulations is
difficult, expensive, and potentially hazardous éoforcement officers. As more managed lanes
emerge that employ a widening array of users an@easing mix of managed lane strategies
in combination with HOV/HOT, enforcement has becam@e complicated in identifying high

occupancy vehicles that receive special access@ng for travel within a varied traffic stream.

Vehicle occupancy verification is a principal impeadnt to more efficient HOV/HOT lane
enforcement. Several partially- and fully-automatechniques for determining the number of
persons in a moving vehicle have undergone limiied testing, including operator-monitored
video cameras and infrared composite imaging. Heweno automated solution has yet been
developed for permanent field implementation, aadsystem has been proven to satisfy traffic
courts in upholding citations issued. As a redd®V/HOT facility operators have traditionally
relied on field enforcement by police officers tamage occupancy violations. Given widespread
plans for development of HOV and HOT lanes in a bemof metropolitan areas, improved
vehicle occupancy verification techniques urgenied to be explored as well as the legal and
institutional barriers to their implementation.

A research project to evaluate the technologiesdbicle occupancy verification was sponsored
by Caltrans and was undertaken as a collaborafificet dbetween California PATH of the
University of California at Berkeley and SANDAG. h& larger-scope SANDAG-VPP (Value
Pricing Pilot) project involves additional partnenscluding California Highway Patrol (CHP)
and California Department of Transportation (Calsjeand contractors for SANDAG. The main
role of the research team, PATH under the spongpishCaltrans, is to act as independent
evaluators in the process of identifying, selectiaugd testing concepts and methods for
automated vehicle occupancy verification (AVOV) tthean be adopted for future field
implementation. This report covers the work thaswarried out by the research team within the
Caltrans-sponsored efforts, but does not offer rijesmns of project activities performed by
other participating organizations under the fullNE®AG-VPP project.

Two subject areas are covered within this reporie @wn the evaluation of automated
enforcement via the use of roadside infrared caraedathe other on surveys of self-declaration
systems and implementations.

* Automated Vehicle Occupancy Verification (Chapt24)

For this part of the project, the research team wm@gaged actively in the technology
assessment process and the selection of vendopartwipate in the field experiments.



Subsequently, the research team also assisteck idabelopments of experimental design
and testing procedures. Finally, the research tearticipated in the actual field tests and
performed analysis of tests results.

Chapter 2 first gives an overview of the technol@pfection process and the specific
features of the selected equipment, dtect syst€hapter 3 is dedicated to the description of
test results, which is then followed Chapter 4 wghsummary of observations and
conclusions. The primary findings for this partloé study can be summarized as follows:

o0 The overall testing results showed very low accum@cpass rates of the tested system,
and illustrated that the tested system was notyreaddeployment.

0 The test results do indicate that the methodologiexcupancy detection were not fully
explored and field implementation issues were notdeustood and handled by the
provider prior to the actual testing.

0 Occlusion continues to be an issue for any typ@mafge processing approach, and a
better approach of camera positioning for a core@gstem should be investigated.

Looking ahead for prospects of automated enforcémehe future, certain observations can
be made:

o Itis technologically feasible to achieve bettenga quality and image processing output,
on the basis of other comparable studies carriededisas on the advances in state-of-
the-art vision and camera technologies.

o Image processing technology has progressed signtficin recent years. Techniques
are now available to overcome windshield glaresgmogide excellent illumination to
capture clear images to allow identification of jgaks inside vehicles. Another area of
development is in the recognition of objects anchan faces by computer vision
techniques. While these technologies are intefaedther types of applications, they
can be adopted and integrated for HOV/HOT operation

o Technology for in-vehicle detection and recognitadrinuman subjects also exists. For
example, driver and passenger monitoring systemsyastent that can be deployed for
advanced safety functions. Weight sensors, infrarkrasound and image sensors are
also applicable for identifying occupants for adseshairbag systems.

o There is a significant global trend now in pushiogconnected vehicles, meaning the
use of wireless communication to enable exchang&fafmation between vehicles or
with roadside or with cloud networks. For exampihe USDOT Connected Vehicles
Research Programis exploring the use of wireless communicationsafety and
mobility applications. The number of occupants easily be captured and transmitted to
the infrastructure, thus fairly accurately repagtthe occupancy, to enable the
enforcement functions. The primary concern liegh@aprivacy issue, which in a way is
similarly present for self-declaration systems vehidae information is offered by vehicle
owners or users. For this type of operation téebsible, it will need to wait until the
provision of communication devices on vehicles enaated or widely populated.

» Self-Declaration Systems and Implementation (Chafier)

! http://lwww.its.dot.gov/connected vehicle/connecteashicle.htm




A survey was performed to investigate the statupasfially-automated or self-declaration
systems which include electronic toll payment antbeeement through transponders, radio
frequency identification (RFID) and automated lisen plate recognition (ALPR)
technologies. Advances in self-declaration tecbgylrespond to agency demands for
violation detection and support ridesharing polcaad incentives.

Chapter 5 first provides descriptions of severpgkesyof transponders and then discusses the
enforcement, regulations and privacy factors ihzing transponder technology. Chapter 6
describes the violation and enforcement technotogsed in HOT lane projects planned or
in operation in the United States, which is folla®y Chapter 7 with a summary of relevant
factors and policy considerations.

Several factors have defined current violation esgment practices in HOT lanes facilities
around the United States. The following list présea synthesis of the factors in the
decision-making process.

* Legislation. Interoperability requirements have guided the deecof electronic
payment systems in all the HOT lanes facilitiedigd. Additionally, state laws can
define which technologies can be deployed for efiorent and tolling purposes. Utah
and Minnesota state laws have prohibited the useaaferas for vehicle violation
enforcement process, thus requiring the state D@rsely entirely on manual
enforcement. In the case of Salt Lake City's I-1xpiess Lanes, long term
enforcement plans have explicitly considered rajmdversion to camera enforcement
system in the event that a change in state lawsrecc

» Cost and schedule constrainSeveral project managers expressed that their sgenc
had considered technologies such as automatedtigiol@nforcement or 5.9 GHz
technologies. However, these technologies wereiderel immature or too expensive
to be implemented in a large scale project. Instéhed second-best solution given
budget and project schedules were chosen in lighieomore advance options. The case
of the Capitol Beltway Express Lanes in Virginisoyides an example. Given the
projects schedule and budget, the lanes are platméagin operation with manual
HOT lane enforcement strategies while the long teian is to transition to an
automated enforcement system interoperable witlG59 technologies.

» Automation of toll violation enforcememlthough fully automated vehicle occupancy
enforcement systems have not been implemented ynH®IT lane facility, several
project managers interviewed expressed interestheam as an ideal method for
enforcement. However, the interviewees considdredechnology not currently viable.
Only Virginia’s 1-495 HOT lanes project have regudrthe private partner to implement
an automated enforcement system before the endef gear period. In place of the
fully automated vehicle occupancy enforcement,ghvethe cases studied use ALPR
systems to partially automate the enforcement Ibfvtolations, namely Miami’'s 1-95
Express Lanes, Denver’s |-25 HOV Express Lanestiouston’s METRO HOT lanes.
These facilities require HOV users to declare ts&atus by either selecting the HOV



lane in a self-declaration lane arrangement (Deawer Houston) or by pre-registering
as a HOV (Miami).

HOT lane facility layoutMultiple entry and exit points in long corridorspresent a
challenge to enforcement efforts. The 1-394 MnPAS®ress Lanes is an example of
how an agency has addressed this enforcement pallby selecting appropriate
technologies. Officials selected a transponder wetid/write capabilities and officers
were provided with monitoring technology imbeddadhandheld devices to query the
transaction history of the transponder throughbatdorridor. This arrangement allows
officers to determine if a user has deactivated drisher device at tolling points
upstream of the enforcement location.

Spatial and climate constraintslarrow corridors limit the number of enforcementtsp
available for highway patrol and make self-deciaratanes infeasible. This was the
situation faced by officials of Minnesota’s 1-394nMASS Express Lanes project.
Additional site-specific constrains include the tes, which could influence the type
of barriers used to separate the HOT lanes frorergépurpose lanes.

Transponder options and the usdihe idea of providing the user with transponder
choices when using the HOT lane facility was meard in the interviews. For
example, officials of Miami’s I-95 Express Lanefoaled customers to continue using
their traditional hard case transponders even thdbg FDOT had introduced a new
sticker tag. This decision provided a sense ofinaity and options to the customers.
Denver’s |-25 HOV Express Lanes allows users theiagh between of affixing a
transponder or relying on video tolling.

Lessons learned from the literature review and sasdies show that partially-automated
systems may not capture all violations but theyehanoven to be the most reliable for the
level of technology that is currently available.ev8ral options for technologies and
physical design of the facility are available arah de selected according to the I-15
Managed Lanes specifications and customer preferenc

Vi
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1. INTRODUCTION

1.1 Background

Efficiently operated High Occupancy Vehicle (HOV) High Occupancy Toll (HOT) lanes

increase travel speed, reliability, and the vehaie person-carrying capacity of roadways in
urban areas. The success of these HOV/HOT fasiléi® a viable transportation strategy is
dependent upon the enforcement of occupancy regugatFor HOV/HOT and managed lanes
with road pricing that varies with vehicle occupgngersistent violation problems can result in a
significant amount of lost revenues. On-site maiig and enforcement of these regulations is
difficult, expensive, and potentially hazardous éoforcement officers. As more managed lanes
emerge that employ a widening array of users an@easing mix of managed lane strategies
in combination with HOV/HOT, enforcement has becam@e complicated in identifying high

occupancy vehicles that receive special access@ng for travel within a varied traffic stream.

Vehicle occupancy verification is a principal impednt to more efficient HOV/HOT lane
enforcement. Electronic toll collection, licenseatpl recognition and a myriad of other
technologies have been developed and refined ientedecades to improve the integrity of
enhanced transportation systems. However, thettafgaany of these technologies has usually
been the vehicle, and not the occupants. Severtialha and fully-automated techniques for
determining the number of persons in a moving ehiave undergone limited field testing,
including operator-monitored video cameras andanefl composite imaging. However, no
automated solution has yet been developed for penidield implementation, and no system
has been proven to satisfy traffic courts in upmgdcitations issued. As a result, HOV/HOT
facility operators have traditionally relied onlfleenforcement by police officers to manage
occupancy violations. Given widespread plans forettgpment of HOV and HOT lanes in a
number of metropolitan areas, improved vehicle paogy verification techniques urgently need
to be explored as well as the legal and institatidrarriers to their implementation.

Without a robust and reliable enforcement stratelgg, difficulty of monitoring and enforcing
HOV/HOT occupancy regulations is becoming so ongrtm some agencies that they are
considering doing away with existing rideshare muoes. By identifying cost-effective systems
to automatically verify vehicle occupancy, HOV/H@frategies can be promoted and enforced,
encouraging a reduction in the number of vehicles noetropolitan area freeways while
increasing person throughput. The technologies #tlatv the implementation of automated
enforcement can also ensure easy coordination &f/HOT strategies with other transportation
strategies such as congestion pricing.

1.2 SANDAG I-15Managed L anes Facility and Vehicle Occupancy Studies

San Diego Association of Governments (SANDAG) erkbdron a multiple-year expansion of
the 1-15 Express Lanes Facility. [1-2] Funded imtg®y the TransNethalf-cent sales tax, the
more than $1 billion project is designed to maxiniapacity and relieve congestion. Scheduled
for completion in 2011, the I-15 Express Lanes v¥ahture four lanes with a moveable barrier
for maximum flexibility; multiple access points tile general purpose highway lanes; and direct
access ramps for high-frequency Bus Rapid TraB8til( service.



The San Diego Association of Governments (SANDAGswawarded a grant in Federal Value
Pricing Pilot (VPP) program grants to study thesfiedity of applying state-of-the-art violation
enforcement systems (VES) to improve accuracy nifyiieg the number of vehicle occupants
and enforcing high occupancy vehicle (HOV) and tadilation provisions on the Interstate 15
Managed Lanes (ML) in San Diego, California.

The technology evaluation conducted and descrilmedhis report is one component of a
multiyear violation enforcement study that is expdcto result in the selection of advanced
vehicle occupancy enforcement technology for depkeyt on the I-15 ML. The SANDAG
Federal Highway Administration (FHWA)-funded studlgan in 2005, and thus far, has resulted
in the completion of technology trade studies, tlevelopment of a suite of enforcement
strategies for the I-15 ML, and an extensive publitreach process that was designed to assess
public opinion and support for the technologies ahdtegies that were developed during the
earlier phases of the project. [3]

Three operational scenarios were developed fol-#feML to investigate various combinations
of enforcement technologies and concepts that neaguitable for field deployment in a proof-
of-concept evaluation and ultimately implementati¢ps#] These scenarios provide a basic
framework from which to combine various elementstethnology, policy and operating
procedures to determine an effective and acceptabbeipancy and violation enforcement
configuration for permanent implementation on #i& IML facility:

» Scenario 1: Manual Enforcement with Technology #tesice - Primary use of routine
enforcement by CHP with the use of available tetdmoto assist in vehicle occupancy
determination.

» Scenario 2: Partially-Automated Technology Enforeatwith Manual Enforcement
Assistance - Enforcement based on the use of témipmwith some reliance on routine
enforcement by CHP.

» Scenario 3: Fully-Automated Vehicle Occupancy Debecwith Validation - Automated
HOV violation enforcement with little or no manwaiforcement required.

1.3 Project Scope and Report Contents

This report provides a summary of the work condiieteder a research project that has been
undertaken as a collaborative effort between QalifoPATH of the University of California at
Berkeley and SANDAG. The larger-scope SANDAG-VRBjgct involves additional partners,
including California Highway Patrol (CHP) and Califia Department of Transportation
(Caltrans) and contractors for SANDAG. SANDAG,tlwithe assistance of participating
partners, is leading the execution of the overaltkaplan. The main role of the research team,
PATH under the sponsorship of Caltrans, is to acindependent evaluators in the process of
identifying, selecting and testing concepts and ho#$ for automated vehicle occupancy
verification (AVOV) that can be adopted for futdield implementation. This report covers the
work that was carried out by the research teaminvitie Caltrans-sponsored efforts, but does
not offer descriptions of project activities perfad by other participating organizations under
the full SANDAG-VPP project.



While it is desirable to evaluate all possible temlbgy solutions in the aforementioned three
categories of scenarios identified in the SANDA@a [4], from technology-assisted manual
enforcement to full automated enforcement, thiseaesh project was performed under the
constraints of limited resources. Furthermore, hgect was executed with a schedule that
conforms to the larger-scope SANDAG project. Thenes the paces and tasks within the
project were adjusted and revised during the cooirige project.

The remaining part of this report covers two subgeas: Chapters 2 to 4 on the evaluation of
automated enforcement via the use of roadsideredreamera and Chapters 5 to 7 on surveys of
self-declaration systems and implementations.

» Automated Vehicle Occupancy Verification

For this part of the project, the research team wm@gaged actively in the technology
assessment process and the selection of vendopartwipate in the field experiments.
Subsequently, the research team also assisteck idabelopments of experimental design
and testing procedures. Finally, the research tearticipated in the actual field tests and
performed analysis of tests results, which lecheogresentation of materials in this report.

The vehicle occupancy detection system used in ghidy, dtect system, is still in the

prototype development stage. No mass-produced delwitested experience is available

other than the tests that have been conducted dydéveloper/producer of the system.

Therefore, the objectives of the tests are:

o To evaluate the field performance, specifically dapability to determine the occupant
numbers inside a vehicle, of this system underouarbperating conditions

o To assess the feasibility of integrating such oeogy detection functions into an
automatic HOV enforcement systems that can be bigliased in Managed Lanes
Operations.

Chapter 2 first gives an overview of the technol@pfection process and the specific
features of the selected equipmaetiect system. Chapter 3 is dedicated to the descrition
test results, which is then followed by Chapter #hwa summary of observations and
conclusions.

» Self-Declaration Systems and Implementation

A survey was performed to focus on partially-auttedeor self-declaration systems which
include electronic toll payment and enforcemenbulgh transponders, radio frequency
identification (RFID) and automated license platecagnition (ALPR) technologies.
Advances in self-declaration technology respondgency demands for violation detection
and support ridesharing policies and incentives.

Chapter 5 first provides descriptions of severpgkesyof transponders and then discusses the
enforcement, regulations and privacy factors itizitig transponder technology. Chapter 6
describes the violation and enforcement technotogsed in HOT lane projects planned or



in operation in the United States, which is folla®y Chapter 7 with a summary of relevant
factors and policy considerations.

1.4 Review of Vehicle Occupancy Detection and Enforcement Studies

In the early stage of the project, a literatureveyrwas conducted to provide an update on the
status of current technologies for automated epfoent and vehicle occupancy detection. A
limited number of studies and research projecte leen conducted to date on the possibility of
the AVOV strategy. These studies agree that no AV&EYstem has been developed so far for
permanent field implementation, though there areersg promising technologies that may
potentially be used for this application.

Georgia DOT conducted a research test between 48851998 on the use of near-infrared
imaging to determine occupancy [6]. The test oectel vehicles showed a 93% accuracy rate
and researchers concluded the system had the tapaciaccurately determine vehicle
occupancy. Georgia Tech Research Institute recpndposed research expanding on the initial
tests to modify prototype system to use a differedr-infrared wavelength to effectively count
occupants with changes in the tint of glass usezhis and determine whether the system can be
integrated into HOV enforcement systems to helgei$ identify probable offenders [6].

University of Minnesota and Honeywell Corporatiaf) farried out a research project to apply
wave band and computer vision methods to autontigticaunt vehicle occupants in the High

Occupancy Vehicle (HOV) lane at a high level of wecy. It was shown that use of near-
infrared bandwidth offers potential as a methoddeveloping an automatic vehicle occupant
counting system. Near-infrared only can producegesawhen looking through glass, but not
metal or heavy clothes, which limits its accuraaycounting children or occupants resting in
vehicles. The mid-infrared camera did not proddeardmages at highway speeds.

The 2004 Enterprise Ontario Study [8] conductedMmCormick Rankin Corporation found that
research up to 2004 had not developed an AVOV 8y#iat was reliable or accurate enough
for field implementation. The study reviewed aviiéatechnology relating to monitoring and
enforcement, including both in-vehicle and roadsedgiipment, in addition to Telematics for
HOV monitoring. It recommended basing any AVOV syston adapting existing in-vehicle
sensors currently being built into cars becausealfin penetration and data accuracy and
reliability issues from roadside sensors. Use ofvahicle sensors would require a
communications link between the vehicle and roasiftastructure. The study also developed a
draft set of functional requirements for an AVOVsm and identified several areas of urban
transportation where AVOV systems could add value.

A more recent study conducted by TTI for the HO\WIRd Fund Study [9] reviewed the state of
the art in roadside and in-vehicle technologiesad®ae detection technologies examined in this
study included video, microwave, ultra-widebandaradsingle-band infrared, and multi-band
infrared. Several in-vehicle detection technologwsre also investigated, including weight
sensors, electrical field sensors, monocular ingggand 3D-Time-of-Flight imaging. The study
found that:



a) Roadside technology is the most feasible near-gaiotion, as Vehicle-Infrastructure
Integration (later called IntelllDriv¥' and now branded as Connected Vehicles Concept)
has not been sufficiently developed to supportsmaission of in-vehicle detection.
Additionally, in-vehicle detectors used for occupanerification will not be universal in the
vehicle fleet on the road for the next 10-15 ydmasause they have only recently been made
standard in new vehicles and transmission of data ¥ehicles might trigger social concerns
about privacy.

b) Most roadside detection technologies, with the ptoa of near-infrared, have issues with
penetrating vehicle glass and resolving detailsftbe vehicle cabin.

c) Multi-band near-infrared technology is the mostmiging roadside detection technology,
with the ability to address the challenges of cad@netration, environmental conditions,
good imaging resolution, and fast image acquisitidns study also noted the near-infrared
system being tested in the United Kingdoms.

d) Roadside detection systems are expensive, bubtiean be offset by the savings in
reduced HOV/HOT violations.

e) In-vehicle detection is dependent on the sensatsvishicle manufacturers place in cars. The
most likely sensors that can be leveraged for caeoy verification would be those used
with advanced airbag systems, which are mandatbd &tandard in new cars beginning in
2009. Weight sensors are most likely to be usebarfront seat and electrical field or near-
infrared sensors in the rear seat. Weight sensenwidely used with air bag systems.
Electrical field sensors are currently deployedome vehicles in coordination with rear seat
advanced airbag systems.

f) Rear occupant detection is an issue for both rdad#etection and in-vehicle detection.
Roadside sensors have issues detecting backsegiamts and rear seat advanced airbag
systems are not mandated and it is not clear hamnamplace they will be in the future.

An AVOV Concept of Operations was developed aspplsiment to the white paper [10]. This
paper defines the critical needs of HOV/HOT fagilitperators and describes how the AVOV
system can be implemented within the ITS infrastmec It is technology-independent and
provides architectural and functional requiremdotsa generic AVOV system.

A recent study was conducted in Virginia by Smithaé [11], to examine the occupancy
enforcement on HOV and HOT facilities. This exanimafocused on three areas: assessing the
impact of existing manual violation enforcementhteiques on HOV violation rates; exploring
the feasibility of using new technologies/techngjde improve the effectiveness of violation
enforcement; and assessing the impact of violaimiorcement techniques on the operations of
HOV/HOT lanes. The results of the research indicdiat current saturation enforcement
techniques are not effective in reducing violatrates. However, no proven technologies are
currently available that offer the potential to @utate enforcement of occupancy restrictions.
Finally, a simulation methodology was developed thay be used to estimate the operations’
impacts on current and future enforcement techsigunel technologies.



2. TECHNOLOGY SELECTION AND TEST DESIGN

2.1 Sdlection of Technology for Automated Vehicle Occupancy Detection

In the early stage of the SANDAG-VPP project, cqiseof operations for vehicle occupancy
enforcement were developed and outreach tasks per®rmed to solicit feedback from
stakeholders to identify the issues and to explbeeadvantages and disadvantages of various
strategies. [3-4] California Department of Transaion in 2008 sponsored this current project,
which is separate from the SANDAG-VPP project, tmya&ge a research team formed by
California PATH of UC Berkeley to engage in the lexation and evaluation of appropriate
technology for vehicle occupancy verification. Sedpsently, the research team participated in
the definitions and reviews of system requiremants$ the criteria of selecting potential vendors.

2.1.1 SANDAG RFP

In February 2009, a Request-for-Proposal was issileANDAG with the following key
language:

* This request for proposal (RFP) is one componeiat oiultiyear violation enforcement
study that is expected to result in the selectioadvanced vehicle occupancy
enforcement technology for deployment on the I-L5The SANDAG Federal Highway
Administration (FHWA)-funded study began in 2008] thus far, has resulted in the
completion of technology trade studies, the devety of a suite of enforcement
strategies for the I-15 ML, and an extensive publitreach process that was designed to
assess public opinion and support for the techriekbgnd strategies that were developed
during the earlier phases of the project. More mfiation is available at
www.sandag.org

* This RFP is to solicit proposals, select and awarmbntract(s) to a vendor or vendors
(also referred to below as “consultant”) to partpate in a Technology Assessment and
test of advanced vehicle occupancy enforcemerg toval technology for the 1-15 ML.
Based on the responses to this RFP, it is inteBAMDAG intent to move forward in
2009 with the Technology Assessment and test ahadd vehicle occupancy
enforcement technologies/applications for up te¢htest cases, described in more detail
below in Section BNote: The threetest cases were same as the three categories of
scenarios described in Chapter 1.)

* As a part of the Technology Assessment, SANDAGdsIte provide a stipend payment
to the vendors who are selected to participatdantest to cover the vendors’ costs up to
a specified dollar amount. For those interesteddgga who cannot participate in a live
test of products and services on the I-15 due tsiraints such as the cost of insurance,
the cost or requirements of lane closures, andierrequired drawing submission and
permitting process, SANDAG may consider alterngthagposals to the live testing;
however, the main project goal of SANDAG is to dest evaluate the equipment in a live
traffic environment on the I-15 and is thereforedar no obligation to evaluate such
alternative proposals.



2.1.2 Evaluation Criteria

» Proposers will be evaluated on the criteria as pgached Consultant Short List
Evaluation Form — RFP Attachment 7. If an interviewtilized, proposers will be
evaluated per the criteria as defined in attachexh€lltant Interview Evaluation Form —
RFP Attachment 8. SANDAG reserves the right togaddently score the Short List
Evaluation and the Interview Evaluation or combihe scores. The criteria in the Short
List Evaluation worksheet is the basis for thei@hi¢valuation, scoring and ranking of
consultant’s proposals to establish a short-lisfiohs to be interviewed. Each panel
member will convert the weighted scores to rank it highest weighted score. The
highest will be ranked one, the next highest sealldbe ranked two, and so on. All panel
members’ ranks will be combined and the lowest doedorank score will be the top-
ranked firm for the short list and interview evdioas.

The evaluation criteria for the initial screeninigsoitable providers and contractors were based
on a set of tabulated criteria and scores. Thmdoused by the committee are attached in
Appendix | for reference.

2.1.3 Down-Selection of Candidate Vendors

A committee was formed by recruiting representatifeom collaborative partners in the
SANDAG project. The research team members, PATHH@GIT, were invited to participate in
the committee meetings but were not included invbigng committee when the interviews of
vendors were conducted. After the issuance of RFPSANDAG, four separate vendors
submitted proposals and three companies were sdlémt interviews. One vendor proposed the
use of an infrared camera on the roadside for gdumting of occupants inside a vehicle. The
second vendor proposed the use of biometric devwescord identities of occupants and to
report the recorded number of occupants by trardggrsn The third vendor proposed to use a
proprietary face detection algorithm on vehicle gmaaptured by a combination of visible and
shortwave infrared camera. The interview procesteé with the selection of only one team,
consisting of Delcan and VOL (Vehicle Occupancy ited). Delcan was the main contractor
responsible for managing the contract, integratingd field testing the proposed system while
VOL was the technology provider with the offerinigam infrared camera.

2.2 Description of the dtect System

Figure 1 shows thedtect camera systenused for this projectwhich is designed and
manufactured by Vehicle Occupancy Ltd. (VOL) of Eamgl [12]. It should be noted that the
design and performance specifications given in $leistion is provided by the vendor but not
necessarily tested or proven during the evaluaironess.



Figure 1 dtect Camera Installed at 1-15

The dtect system is an infra-red camera and image processiiigdesigned to determine how
many occupants inside a vehicle instantly. Theadefaas a range of up to 50 meters, and is
claimed to be effective on cars traveling at upQaniles per hour, eliminating the need for them
to stop or even slow down. Tlitect system operates by projecting two wavelengthsoof |
intensity infrared light at the oncoming vehicles Ahe beams are fired, each of two digital
cameras, specifically coordinated to capture theaied wavelengths, takes a photo. The
accompanying software combines the two images hmihates non-facial aspects of the photo
before logging the picture with a printed timestargeation and occupancy count. An instant
after the process begins and the beams are finedjrtal picture will be saved to the system’s
internal hard drive — with the faces masked witbegr blob to prevent an invasion of privacy.
When thedtect system is correctly set up, and has an unhindéred of access to the
windshields of oncoming automobiles, VOL claimstttiee accuracy rate of occupancy count is
90% And in the ten percent of cases when it is meataland challenged, the image in question
can easily be examined by a human eye.

The completaltect system is packaged with a single weather and Vammdaf housing. theltect
system can be installed either roadside on a poseigpended over the road on a gantry. Infra-
red photo images and detected occupancy text Iegstared in an internal hard disk. Ethernet
connection to thedtect system is provided to facilitate remote parametgring and data
downloading. Once installed and configured, dteet system can be controlled remotely via an
encrypted internet link.

Figure 2 shows dtect image sample. The number of occupant detecteldervehicle is shown
on the upper left corner. Date/time stamp wheniithgge is captured is printed on the upper
right corner. Each facial feature detected in tekisle is covered by a green blob generated by
thedtect system to protect passenger’s privacy. A textisaglso generated with image filename,
occupancy results and date/time stamp.
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2.3 Test Siteand Equipment Installation
2.3.1 Test Site




. Miramar Way
- {Camera Location)

Miramar Way of the Interstate I-15 is chosen astésting site. See Figures 3 and 4. The 1-15
Managed Lanes (ML) in San Diego, California is apansion of existing high-occupancy toll
(HOT) lanes known as the Express Lanes. The egidiivo-lane reversible Express Lanes
facility had single entry and exit points at eack ®f an eight mile segment with a toll zone at
the southern end. The new Managed Lanes will haue lfi-directional lanes extending twenty
miles in length and containing multiple intermediatcess locations. The Miramar test location
is at the southern side of the I-15 Managed Lang#itia This particular location has a two lane
configuration that alternates directional flow e a morning/afternoon schedule. The lanes
are configured southbound during the morning peakreorthbound during afternoon peak.

2.3.2 Installation

: S 'I1fi‘:{1.'

| Figure‘SJd't'ect camera position

-
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Figure 6 dtect System Roadsi de Installation

=

-Overhead
0

Miramar Way Test Site

Gantry

Conceptual Diagram

}
.

Cabinet |

6

- it —

334 |
Cabinet |

Pilar |

435

‘Dt.gcx' 5
Camera Pole Sf
12" !
- )
Rie | gy 55

} | / Cabinet
e

& \_473[ ,,,,,, AR

fra:
2o

|_overhead| [ocation
I

ipment

The
bserver |1

«@

Gantry

v |

| & / |

12 | 2 ‘
1| i

Figure 7 Test Site Conceptual Diagram

11



As shown in Figure 5 and FigureEror! Reference source not found., the dtect camera is
installed on a pole by the side of HOT lane. Figdrshows a conceptual diagram of camera
installation. The camera pole is located 43.5 fEatnstream of a trigger signal from a toll tag
reader system, which is enabled by a laser beampgbed from an overhead gantry. When the
oncoming vehicle passes the trigger locatiiagt system is activated and infra-red images will
be captured bytect camera for occupancy identification. The locai®ihosen such that it can
provide best line-of-sight between camera and cgmeéhicle when trigger signal is fired.

2.3.3 Integration and System Readiness Tests

Integration and system readiness tests were coediwadter system installation. The primary
objective of Integration Testing is to verify thatrious components of thdtect system interact
according to their requirements or specificatiohe Tcomponents to be testattlude power,
camera alignment, trigger signal processing, daedagssing, image verificatioDVR recording,
and remote operation (including data upload/dowailodhe primary objective of the System
Readiness Testing is to verify that data is beialjected, stored and updated in the proper
system locations. Data were collected over a cantis 48- hour period.

24 Experiment Design

In order to verify the capability of the testegstem in the normal HOT lane operation as much
as possible under the logistic constraints of pinigect, experimental design was carried out and
test sample size was calculated to achieve statistignificant results.

Ideally, the experimental design will incorporabe potential variations of environmental (such
as weather) or operational (peak and non-peakdrasbd that the evaluation scope will cover a
broad spectrum of operating conditions. Howevar,actual testing periods certain testing
conditions such as weather was not fully contrédabr available and as a result the
experimental data would not be as diverse as @iatiedesired.

The dtect system is an infrared (IR) image processing systesraccuracy could be limited by
various factors during everyday operation of HOTelaEnvironmental conditions such as
lighting conditions, ambient temperature and weatloaditions (e.g. fog, rain and snow) could
have large impacts on the accuracy of an IR imagysem. Since image processing consumes
some processing time, vehicle speed and traffisitiegould also affect system performance.
Partial or complete occlusion (e.g. passengeiisgith the rear seat of%¥ow seat) will always
affect the result of image processing system. Othetors such as passenger skin tone, size,
vehicle type, fake dummy and a large pet could aelsmnge the result of IR imaging processing
system.

2.4.1 Test Types

To fully assess the accuracy of the passengertawieand counting system under normal HOT
lane operation conditions, many control variablashsas different environmental conditions,
vehicle types, vehicle speeds, traffic densiti@sspnger seating and sizes should be included in
the testing scenarios. The number of exhaustivebamation of all control variable values will

be too large for the experimental study with lirditteme and resource. In order to achieve
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statistical significant results under time and tgse constraints, three different types of tests
were considered:

* Uncontrolled Testing

The first type of the experiment is uncontrolledtiteg, i.e. regular field testing. For the
regular field testing, thdtect system will log its photos and occupancy resultalb¥ehicles

in the test lane on live traffic. The resulting npancy counts from thdtect system were
verified against human review of those photos.hédigh achieving large number of testing
cases is possible through uncontrolled field tgstone of the major drawbacks of such field
testing is that there is no effective method to ‘geound truth” data for the verification
purpose.

» Controlled Testing

With the assumption that regular field testing doahcompass the majority of the factors
mentioned above, small scale of controlled expentmell be conducted to test a number of
tests cases where specific test parameters capedogfied. During controlled experiments,
different types of vehicles with different knowngsanger counts and seating positions were
driven passing through thdtect system. The results from tlubect system were compared
with known passenger count to verify its performeanControlled field testing requires the
closure of the I-15 Express Lanes, therefore tha& toumber of controlled testing case is
limited by logistics. Table 1 lists the types ohtrol variables and their values.

Table1l Control Variablefor Controlled Tests

Vehicle | Body Seating Speed Time of
Types | Types | Positions (mph) | Day
Control Sedan | Adult 1° row passenger side 10 Daytime
Variable Truck Teen 2" row driver side 30 Nighttime
Types, Values, |SUV Child 2" row middle 45
and Conditions | Minivan | Dummy | 2" row passenger side60
Minicar 3 row driver side 80
3" row middle
3" row passenger side

» Semi-controlled Testing
Semi-controlled testing is the compromise betweemtrolled and regular field testing. It
requires driver driving vehicle with known passangecupancy through the test location in

live traffic. Occupancy outputs of those vehicfesm the tested system were verified
against known passenger count.

2.4.2 Test Sample Size Specifications
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To achieve meaningful testing results in the giaiksense under time and resource constraints,
the number of testing cases was calculated cayef@iven the level of expected performance,
the minimum testing sample size can be calculated manner that is illustrated below. The
hypothesis can be verified or rejected afterwargisublizing the experimental results for
validation. The detailed descriptions of the metilodies are provided in Appendix II.

In the examples below, the sample sizes are geukefat case studies with the following
parameters:
* Margin of errors d = 0.05, 0.3, and 0.025
» Confidence levels la, wherea = 0.2, 0.1, 0.05, and 0.01 aadienotes the significance
level.

» Expected performance accuracy 0.90 (calculation of sample sizes numerically
equivalent toy = 0.10).

For example, the system may be expected to permost perfectly at 90% accuracy of
detecting vehicle occupancy. The calculation ofhsas case provides sample sizes estimation
given in Table 2.

Table2 Case Study: y=0.90 (90% accuracy)

confidence
level

sample size

0.80 0.90 0.95 0.99
margin of error

0.05 27 59 99 196
0.03 73 164 273 543
0.025 105 236 393 782

As can be seen from the estimated samples forréifte case studies, for a certain accuracy
level and the same margin of error, a higher cemfite level will require a larger sample size
and vice versa.

2.4.3 Experimental Design Summary

Three types of experiments are proposed for théopeance verification of theltect system.
For the uncontrolled testing, large numbers ofiigstuns can be achieved within limited testing
time in live HOT lane traffic. Its drawback is thae evaluation can only be done manually and
it is not possible to systematically process adasgt of test data comparisons against “ground
truth” data for verification purposes. On the otheand, the “ground truth” data for the
controlled testing is predetermined before testweler, only limited test runs can be completed
within short window of Express Lanes closure. Seomtrolled testing is the compromise
between controlled and regular field testing butilt also demand considerable arrangements to
acquire valid data sets.
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3. TEST RESULTSAND ANALYSIS

In this chapter, the procedures of carrying outiacfield tests and analysis of testing results are
presented.

3.1 Testing Procedures

L 2 3 .__“;-. _:l..: ' iy 'E:;..;;’j“c P '-.;k: _ _-‘ r _- \ :
Figure 8 Test Platoon at Starting L ocation

* Controlled Test

Controlled tests were conducted on evenings antsigf July 30, 2010 and July 31, 2010, and
during daytime of July 31, 2010. For each contbliest run, control variables and their values
(Table 1) such as vehicle type, speed, seatingrasgnt and body type are predetermined and
recorded. The detailed test case descriptions edaund in Appendix Il1.

Table 3 Breakdown of Controlled Testswith Number of Occupants

Count of Occupants| Number of Rung  Data Missing €ad¢o. of Evaluated Cases
1 60 0 60
2 210 4 206
3 151 1 150
4 131 1 130
Total 552 6 546

During controlled test, the Express Lanes wereedlds public traffic. In order to complete as
many runs as possible in the limit time of closanel simulate regular vehicle traffic, platoons
(Figure 8) of 5-8 vehicles were formed accordinghe testing descriptions in Appendix |II.
After a vehicle platoon passektect camera with designed speed, it returned to théirgggpoint.
Another vehicle platoon with different control \anle configurations was formed at the start
point and ready for the next test run. A total 62 ®ontrolled test cases were completed for two
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days’ testing. Table 3 shows the breakdown of casés known counts of occupants in
controlled tests.

* Semi-controlled Test

Semi-controlled test were conducted by SANDAG emgds from July 24, 2010 to July 30,

2010. Test participants drove their vehicles pagdiact camera in regular traffic. For each test
run, vehicle type, vehicle speed, detailed occupatd the exact time when a test vehicle
passeddtect camera were logged by testing participants. Té8&lkuns were completed with

different combinations of vehicle types (e.g. sedad SUV) and occupant body types (e.qg.
adult, toddler and child, dummy, etc.).

* Uncontrolled Test

From July 20, 2010 to August 4, 201diect system was operated to identify occupancy of
vehicles in regular traffic for 24 hours a day. flsoand final results were logged and saved in
internal hard drive for further analysis.

3.2 Testing Results Analysis

The initial review of logged images reveals a ntgatefault behavior of thdtect system as
shown in Figure 9. In many cases, thect system could not find any human facial features in
the captured images, which by design prompted ystes to provide a default output of one
occupant and to place a green blob at a fixed ilmtan the middle of the right-hand side of the
image even if there is no occupant detected.

0731110

Figure9 A Defaul Casefor thedtect Camera

This default feature to represent at least oneediitv the vehicle quickly caught the attention of
all evaluators involved in the review and analydishe test results. Subsequently, a coordinated
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effort was made to clarify with VOL to clarify thesues that were encountered in data review.
More descriptions of the responses from VOL will pevided in a later section. In the
following analysis, we will treat such default ®/st behavior as a false-positive failure to
identify occupants in the vehicle.

3.2.1 Controlled Tests

First, the test results can be summarized as fstlow

» Of 552 controlled test runs, photo images and cacujogs of 6 runs are missing.
* For the remaining 546 runs, the results of 311 mars be classified into default cases
after carefully reviewing logged images.

» If we treat each vehicle passing as an event,diia passing rate for controlled testing is
about 4.2%.

Table 4 shows occupancy results with respect fereéifit vehicle types. In general, the pass rate
is so low that it is difficult and not meaningfa tind correlations between system performance
and vehicle type. Since Minivan usually carried tiplgé passengers seating across three rows, it
has the lowest pass rate as 0. A sequence oftésts was conducted with a minicar (Mini
Cooper) with one test result missing. While thegpate is higher for these three events than the
other scenarios, it is not statistically meaningful

Table 4 Vehicletype and occupancy results

Vehicle type Total events Pass Fail Passing rate
(%)

Sedan 132 1 131 0.7

Minivan 132 0 132 0

Truck 145 3 142 2.0

SUV 134 18 116 13.4

Minicar 3 1 2 33.3

Total 546 23 523 4.2

Table 5 shows occupancy results with respect toicleehspeed. Again, no particular

characteristics can be found due to low passirgsrat

Table5 Vehicle speed and occupancy results

Vehicle Total events Pass Fail Passing rate (%0)
speed(mph)

10 64 1 63 1.5

30 73 2 71 2.7

35 1 0 1 0

40 39 1 38 2.5

45 71 7 64 9.9

50 55 1 54 1.9
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55 16 3 13 18.8
60 39 0 39 0

65 79 5 74 6.3
70 39 0 39 0

80 70 3 67 4.3
Total 546 23 523 4.2

To further investigate the effects of differenttsgg@ positions and body types, extensive review
of logged images was carried out. During photoewyieach occupant including dummy is count
as an event. If an occupant is detected byltéet system with a green blob printed on his/her
face in the logged image, then such an event witdunted apass Otherwise it will be noted
asfailure. For the dummy, the criterion is different. If andmy is identified by thetect system

as a normal occupant, such an event will be nadédilare. Otherwise, it will be noted gmss

It should be noted here that by treating the dumepyesentation differently in this manner, the
results may be misleading because the system magttave made the correct detection when
the dummy was not indicated in the output. Thersfthis particular aspect of analysis only
serves to provide a reference.

Total events with respect to different seating ppasiand body types are shown in Table 6.

Table 6 Total eventswith respect to different seating positions and body types

Seating position Adult Teenager Child Dummy
Driver 546 N/A N/A N/A
1% row middle N/A 20 N/A N/A
Passenger 317 26 3 21
2" row driver side 78 23 107 N/A
2" row middle 6 34 14 10
2" row passenger side 41 31 78 25
3" row driver side 10 N/A N/A N/A
3" row middle N/A N/A 40 N/A
3 row passenger side 5 N/A 26 17
Total 1003 134 268 73

If the detection of each occupant is treated asvamt, the success rate is approximately 20%,
excluding the event associated with the dummy oacyms seen in Table 7. Of all the seating
positions, 2% row driver side may be the worst place for all boely types.

Table 7 Events of Occupant Detection in Controlled Tests by Seating Positions

Seating position Total Events Pass Fail Passing Ré}
Driver 546 180 366 32.97%
1% row middle 20 4 16 20.00%

2 Note that the counting of teens and adults fora@eseating positions may show slight discrepaniciether
reports since the body sizes of teens can be \yspeiceived to be larger than some adults in stasiecases.
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Passenger 346 36 310 10.40%
2™ row driver side 208 2 206 0.96%
2" row middle 54 21 33 38.89%
2" row passenger side 150 20 130 13.33%
3 row driver side 10 1 9 10.00%
3" row middle 40 12 28 30.00%
3 row passenger side 31 2 29 6.45%
Total 1405 278 1127 19.79%

For each body type, statistics were compiled wetpect to different seating positions as shown
in Table 8to

Table1l. All the data shows very poor performance foratiht body type and different seating
positions. Of all the seating position§? Bow driver side may be the worst place for all bioely
types. That may be due to partial or complete @iofuby the driver seating in the front.

Table 8 Detection result for adult body type with respect to different seating positions

Total events Pass Fall Passing rate (%0)
Driver 546 180 366 32.9
1% row middle N/A N/A N/A N/A
Passenger 317 33 284 10.4
2" row driver side 78 1 77 1.3
2" row middle 6 2 4 33.3
2" row passenger side 41 4 37 9.7
3" row driver side 10 1 9 10.0
3" row middle N/A N/A N/A N/A
3 row passenger side 5 0 5 0
Total ] 1003 221 782 22.0
Table 9 Detection result for teenager body type with respect to different seating positions
Total events Pass Fail Passing rate (%)
Driver N/A N/A N/A N/A
1% row middle 20 4 16 20.0
Passenger 26 0 26 0
2"% row driver side 23 0 23 0
2"° row middle 34 10 24 29.4
2" row passenger side 31 14 17 45.1
3" row driver side N/A N/A N/A N/A
3" row middle N/A N/A N/A N/A
3 row passenger side  N/A N/A N/A N/A
Total ] 134 28 106 20.9
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Table 10 Detection result for child body type with respect to different seating positions

Total events Pass Fail Passing rate (%)
Driver N/A N/A N/A N/A
1% row middle N/A N/A N/A N/A
Passenger 3 3 0 100
2" row driver side 107 1 106 0.9
2" row middle 14 9 5 64.2
2" row passenger side 78 2 76 2.6
3" row driver side N/A N/A N/A N/A
3 row middle 40 12 28 30
3 row passenger side 26 2 24 7.7
Total 268 29 239 10.8
Table 11 Detection results for dummy body type with respect to different seating position
Total events Pass Fail Passing rate (%)
Driver N/A N/A N/A N/A
1% row middle N/A N/A N/A N/A
Passenger 21 21 0 100
2" row driver side N/A N/A N/A N/A
2" row middle 10 1 9 10.0
2" row passenger side 25 4 21 16
3" row driver side N/A N/A N/A N/A
3" row middle N/A N/A N/A N/A
3 row passenger side 17 9 8 52.9
Total 73 35 38 47.9

3.2.2 Semi-Controlled Tests

For the semi-controlled test, the exact time auebicle passedtect camera is used to find its
images and occupancy logs. For a total of 48 rilmesimages and logs of 37 runs were matched
successfully. Table 1¥Zehicletype and occupancy results shows occupancy results with
respect to different vehicle types.

Table 12 Vehicle type and occupancy results’®

D

Vehicle type Total events Pass Fail Passing rats
(%)

Sedan 17 0 17 0

SUV 20 2 18 10.0

Total 37 2 35 5.4

% Each passing vehicle is counted as an “eventiimtable
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3.2.3 Uncontrolled Tests

Since there are thousands of images loggedtdny system during each testing day, it is beyond
the resource constraints to go through all thengsesults. We chose to only review images on
August 2, 2010. The “ground truth” occupancy datadetermined by human review of the
images. Therefore, only images with legible detaikre counted in final statistics. Also the
occupant body types are only limited to adult ahddc Of all 1308 cases counted in the final
statistics, 899 runs are classified as defaultscaBee total successful rate is slightly highentha
the controlled test, which might be due to the fhat the images we chose were at least readable
from human eyes. Overall, it still shows very pgarformance for different body types and
seating positions.

Table 13 Vehicle type and occupancy results’

Vehicle type Total events Pass Fail Passing rate
(%)

Sedan 652 65 587 9.9

Minivan 88 23 65 26.1

Truck 155 31 124 2.0

SUV 369 118 251 31.2

Minicar 6 1 5 16.7

Van 14 3 11 21.4

Motorcycle 24 10 14 41.7

Total 1308 251 1057 19.2

Table 14 Detection result for adult body type with respect to different seating positions’

Total events Pass Fail Passing rate (%)

Driver 1308 472 836 36.1
1° row middle 2 2 0 100
Passenger 509 122 387 24.0
2" row driver side 7 1 6 14.2
2" row middle 19 7 12 36.8
2" row passenger side 63 12 51 19.0
3" row driver side N/A N/A N/A N/A

3 row middle N/A N/A N/A N/A

3 row passenger side 1 0 1 0
Total 1909 616 1293 32.3

* Each passing vehicle is counted as an “eventiimtable
® Each passenger/driver is counted as an “evehisrable
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Table 15 Detection result for child body type with respect to different seating positions’

Total events Pass Fail Passing rate (¢
Driver N/A N/A N/A N/A
1° row middle 1 0 1 0
Passenger 16 1 15 6.25
2" row driver side 4 0 4 0
2" row middle 20 5 15 25
2" row passenger sidg 87 14 73 16.0
39 row driver side 1 1 0 100
3% row middle 2 0 2 0
3%row passenger sidel N/A N/A N/A N/A
Total 131 21 110 16.0

0)

If the detection of each occupant is treated asvemt, the success rate is approximately 31%,
excluding the event associated with the dummy oacyg@as seen in Table 16.

Table 16 Events of Occupnact Detection in Uncontrolled Tests by Seating Positions

Seating position Total Events Pass Fail Passing Ré}

Driver 1308 472 836 36.09%
1% row middle 3 2 1 66.67%
Passenger 525 123 402 23.43%
2"% row driver side 11 1 10 9.09%
2"° row middle 39 12 27 30.77%
2" row passenger sidge 150 26 124 17.33%
3" row driver side 1 1 0 100.00%
3" row middle 2 0 2 0.00%
3 row passenger side 0 1 0.00%
Total 2040 637 1403 31.23%

3.3 Discussions of Test Results and Correspondence with Provider VOL

Given that the field test results were drasticatlifferent from the originally claimed
performance when the provider was interviewed, eber of inquiries and a sequence of
correspondence was made with the equipment providdre responses and observations are

summarized below.

* Technical issues regarding the test results acogtdi VOL
o The model that was used in testing was not suit@blbigh speed applications.
0 Modification to the optics to even out the charastes across the field of view

would be needed to improve visibility of occupaatshe edge of the field of view.

® Each passenger is counted as an “event” in this ta
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o To avoid image blur, the camera exposure time woaktl to be reduced to
accommodate the higher vehicle speeds.

0 The speed variability caused the windshield tolbaeqa in different locations at the
trigger plane, which led to poor image processesylits.

o There was a delay between the cameras and (tnggeasers that needed to be
compensated but was not properly accounted fdrarsétup.

0 Due to the limited bandwidth of remote access,aswery difficult for VOL to
optimize image recognition algorithm online.

0 The variations in lateral position of vehicles campded the captured images and
caused the system to identify the non-uniformityhaf beams at the edges of field of
view.

* Response to inquiries about the claimed high acyuwtests conducted in England
0 Accuracy posted on VOL'’s website accuracy was datexd from controlled testing
undertaken in the UK during product development.
o0 Tests were carried out in controlled conditiona &ice track on a fixed set of cars.
The range of windshield heights allowed a highemination power density.

* Response to inquiries about factors that may affedformance of image systems.
0 The degree of occlusion will affect the abilitydount the occupants.
o Other factors affecting the occupancy count aredshireld transmission, obscuration
by inanimate objects (e.g. “A” pillar, headrestfidblending” of occupant faces.

* Response to inquiries about the changes madedapikcific unit tested in San Diego

o The field of view of the cameras was changed tbtheirange of vehicle windshield
heights and sizes.

0 The area of illumination was increased to suitsame.

0 The exposure duration of the cameras was decréaseithimize blurring from
vehicle speed. For the system tested in San Diega@amera exposure time was
reduced by a factor of 5 (from the original setfitgaccommodate the higher vehicle
speeds.

0 These changes affected system accuracy acrosgdbd sange.

* Response to other inquiries

0 The use of a second camera looking from sidesvieticles will not be
recommended because transmission of rear passestgele glass is indeterminate
and unregulated. The rear side passenger woul@teetdd by positioning a “slave”
unit looking through the windshield from the neigles

o The provider will improve the algorithms and re-g@es the images to see if better
results can be obtained.

0 A newer version of camera will incorporate increhpewer of one of the lasers to
improve the illumination power density in the targane.

o To overcome the lateral position variation of pagsiehicles, the system needs to
increase the field of view and area of illumination

0 The quality of the images is affected by windshtetghsmission, windshield
reflection, the speed of the vehicle, beam covesagkambient light.
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o Reflection off the windshields, blurred images abdcurations will affect the result.
Partial illumination of occupants will affect resullllumination of occupants at the
edge of the field of view are affecting the resuclisrently due to the light rays
transmitting through the band pass filters beingratated as a function of angle from
the optical axis. This can be seen with the occtgpam the right appearing darker.

34 Summary Remarks

The overall testing results showed very low accyracpass rates of thdtect system output.
Nevertheless, some observations can still be made.

» Despite the loss of the confidence in the testatesy, it will not be unreasonable to suggest
that none of the technical issues that have besntifeed is a show stopper.

» Itis technologically feasible to achieve betteage quality and image processing output, on
the basis of other comparable studies carried disaseon the advances in state-of-the-art
vision and camera technologies.

* The test results do indicate that the methodologfesccupancy detection were not fully
explored and field implementation issues were mateustood and handled by the provider
prior to the actual testing.

* Occlusion will remain an issue for any type of iraggrocessing approach, and a better
approach of camera positioning for a complete systieould be investigated.
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4. LESSONSLEARNED FROM AUTOMATED VEHICLE
OCCUPANCY VERIFICATION FIELD TESTS

4.1 Review of Processes and Practices during the Evaluation of AVOV

In this section, we wish to convey observations@feral aspects of practices taken during the
evaluation of the AVOV system. This summary isused on the activities that the research
team participated in. There are more broad-basadiderations and in-depth issues that should
be considered at a higher level within the ove8&INDAG project scope.

4.1.1 Selection of Technology Provider

It is noteworthy that the RFP issued by SANDAG oatiracted a small number of bidders and
only three were deemed qualified to enter the wa@r process. The observations from the
process of searching and down-selecting the provickn be summarized below:

SANDAG and its partners were looking for produtigttcould be deployed in the short
terms (2-3 years), but no provider offered prodtitéd were close to deployment.

» Even though three vendors were interviewed, norieesh demonstrated the readiness
for product introduction to the market.

» The products offered by the potential vendors veéiteresearch prototypes, and still
required significant research investments, regasdté the claims that might be presented
by providers.

* The lack of validated products during the RFPs mian®re challenging to optimize the
selection of prospective providers.

4.1.2 Experimental Design and Preparation

The schedule experienced considerable delays irwti@e process of carrying out the field
experiments due to various reasons, including #esirio coordinate the schedules on the actual
construction on the test sites and to reach a osnseamong all participants of the test
arrangements and procedures. These factors &gridicant challenges, for example:

* The provider made two separate trips from Englan@alifornia for the initial
installation and validation tests due to the neegktlocate the installation spot at the test
site.

» Several parties on the team were under differemtractual and scheduling constraints,
and there was pressure for many participants teditg@the work at the later stages of
the contracts especially with the initial delays.

Most participants were disappointed by the sunpgisi poor test outcome, especially when

compared to the earlier results claimed by theigesv Several factors might have played a role
in the preparation stage:
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» The provider was home based in England, even ththeghrimary contractor was from
US. This unavoidably created potential logist&uess in executing the work plan and
resulted in higher risks when problems occurred.

» Although a readiness test was planned before thédid trial, the provider claimed
afterward that they could not fine-tune the syséenmuch as they could due to
ineffective remote access and networking issues.

» Due to the inadequacy of products and insufficiefitouse testing preparation by the
provider, the performance was much worse than whatpreviously claimed and
anticipated.

Some of the technical issues were hindered andreamsd by the availability of resources and
time. The provider was also not very forthcomingecognizing the problems that they could
have foreseen and observed in the early stagesofdivn testing, but did not provide advanced
alerts. The technical issues with the tested systeat were disclosed later in their response
were generally the types of problems that couldehlagen identified and tested in their local
environment, without having to be postponed andsgg till the on-site testing.

4.1.3 Field Test Execution

This is one area that the team has executed digand fully, where advanced planning and
onsite coordination helped to achieve an almostléiss progression of actual on-site tests.

4.2 Assessment of Technology for Automated Enforcement and Futur e Prospects

Even though thdtect system has failed in this field of technology ewdilon, there are
promising prospects that continue to move forwand \&ill enable the implementation of
automated operation of enforcement in the future.

* Image processing technology has progressed signtficin recent years. Techniques
are now available to overcome windshield glaresgmogtide excellent illumination to
capture clear images to allow identification of jgaks inside vehicles. Another area of
development is in the recognition of objects anchan faces by computer vision
techniques. While these technologies are intefaedther types of applications, they
can be potentially adopted and integrated for HO®THbperations.

» Technology for in-vehicle detection and recognitadrinuman subjects also exists. For
example, driver and passenger monitoring systemsyastent that can be deployed for
advanced safety functions. Weight sensors, infrarkrasound and image sensors are
also applicable for identifying occupants for adseshairbag systems.

* There is a significant global trend now in pushiogconnected vehicles, meaning the
use of wireless communication to enable exchangefaimation between vehicles or
with roadside or with cloud networks. For examfite, USDOT Connected Vehicles
Research program [13] is conducting research df systems for safety and mobility
applications. With the consensus of owners orgjgke number of occupants can easily
be captured and transmitted to the infrastructimes fairly accurately reporting the
occupancy, to enable the enforcement functionse prhmary concern lies in the privacy
issue, which in a way is similarly present for sgdiclaration systems where the
information is offered by vehicle owners or usefar this type of operation to be
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feasible, it will still need to wait until the prsion of communication devices on
vehicles is mandated or widely populated.

43 Summary

Despite the failure to confirm a deployable teclgglsolution that can be readily deployed for
occupancy verification, the work that was carriedia the project still offered valuable lessons.
The following points will be noted:

* The conceptual framework of categorizing enforcenfhemctions in three levels of
scenarios — from manual to full automation — i gélid.

» Technology for full automated operation of enforesamnfunctions is still not available
for deployment, at least in the latest survey. @erable challenges still remain in the
implementation of automated enforcement systendg. [1

* Technology for semi-automated or assisted enforoemealready existent, such as the
use of self-declaration transponders. The follgaghapters will address this subject
area.
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5. OVERVIEW OF SELF-DECLARATION SYSTEMSAND
IMPLEMENTATIONS

This chapter provides an overview of partially-am#&ted or self-declaration systems, which
include electronic toll payment and enforcementodigh transponders, radio frequency
identification (RFID) and automated license plaeagnition (ALPR) technologies. Advances
in self-declaration technology respond to agenayatels for violation detection and support
ridesharing policies and incentives. The surveyast of a collaborative effort with the San
Diego Association of Governments (SANDAG) to idgnand evaluate promising concepts and
methods for vehicle occupancy verification techgas that can be adopted for permanent field
implementation the Interstate 15 Managed Laneslijam San Diego. First, several types of
transponders are described then the enforcemegilat®ns and privacy factors in utilizing
transponder technology are discussed.

5.1 Approach

Though the collaborative project is mainly focusedautomated vehicle occupancy verification
technologies, a review of self-declaration techgms and interviews with HOT facility project
managers around the United States assists in waddnsg other available technologies and
practices in enforcement. The findings of thederinews and a literature review informed the
development of this report.

To survey the self-declaration systems availabliteeature review was conducted on current
practice in vehicle occupancy enforcement of HOletaprojects. Several projects in planning,
construction or operation stages were identified @aiguestionnaire was developed to help guide
the telephone interviews with managers of the ifledtprojects (provided in Appendix 1V). The
guestionnaire explored three main topics 1) HOE laperations, 2) infrastructure and electronic
payment systems planned or operational, and 3) H@we violation and enforcement
technologies and strategies. Interviews were coteduwith representatives of the following
organizations:

* Bay Area Toll Authority

* Metropolitan Transportation Commission (MTC)

» Florida Department of Transportation

* Los Angeles County Metropolitan Transportation Aty

* Metropolitan Transit Authority of Harris County, Xas

* Minnesota Department of Transportation

» Texas Department of Transportation

» Utah Department of Transportation

» Virginia Department of Transportation

» Washington Department of Transportation

All the HOT facilities surveyed used self-declavati systems and partnered with law
enforcement agencies to enforce occupancy requimsmeAn interview was conducted with a
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representative of the California Highway Patrolrégcognize possible enforcement concerns of
new self-declaration systems and configurations.

5.2 Available Self-Declaration Systems and Enabling Technologies

This section presents a review of self-declaratigstems and configurations, with a discussion
of the merits and constraints of each option.

5.2.1 Option 1: Transponders for SOVs Only

Some toll facilities require single occupancy végsc (SOVs) to declare their status by
presenting a transponder while high occupancy ehi(HOVs) with two or more passengers
(depending on the number of passengers requirdtiebfacility) can use the facility without a
transponder. Users without a transponder andeitpeired number of passengers are in violation.
Occupancy violations are enforced manually throvgbal inspection by the highway patrol and
the use of electronic devices such as transactatssindicators (TSI), mobile enforcement
transponders (MET) or automatic license plate retmy systems (ALPR). The SR-167 HOT
lanes facility in Seattle, Washington employs tiyfse of enforcement configuration (detailed in
Section 6.1).

£

FsTrax

Figure 10 A Standard FasTrak Transponder for SOV Users’
5.2.2 Option 2: Separate Transponders for SOVs and HOVs

This option requires all users in the facility tavie a transponder. Users declare their occupancy
status by installing a HOV or SOV transponder. Atomer interested in alternatively using the
facility as a SOV or HOV user would have to acquioth transponders. Once a customer enters
the HOT lane an automatic vehicle identificationWV{Asystem detects the type of transponder
and the appropriate toll is levied. No HOT laneilifgcin the U.S. has implemented this
configuration.

5.2.3 Option 3: Transponders for SOVs, Pre-RegistratarHOVs

This configuration requires all SOVs to displayransponder while all HOV users register their
vehicles prior to using the system. HOV pre-regisbn is required since an automated license
plate recognition (ALPR) system is utilized to monithe traffic in the lanes. Vehicles not

" Source: South Bay Express
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registered as HOV vehicle and without a transpomeeeive a citation or fine. This option is
currently in place for Miami’s I-95 Express Lan&e(tion 6.2).

5.2.4 Option 4: Switchable Transponders for SOVs and HOVs

Switchable transponders allow drivers to declaet thehicle occupancy status as either SOV or
HOV by toggling a switching mechanism on the uriitepending on the type of transponder, a
user could conceivably declare different levelsoofupancy. This type of transponder is also
known as a “hard-switch” transponder. With “softiel” transponders customers would be able
to change their status by calling a service ceptenr to their trip while the transponder itself
does not have a physical mechanism to change ¢ésieed occupancy status. Several HOT lanes
projects are planning on adopting switchable trandprs in their facilities. Examples include
the I-15 Express Lanes in Utah (Section 6.3) ared{B95/Capitol Beltway HOT lanes (Section
6.7).
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Figure 11 Switchable Transponders

Figure 11 shows the transponders that are selémtddtah's I-15 Express Lanes - the photo on
the right shows a transponder in the SOV statu$ ém the photo on the left shows the
transponder on HOV status (dff)

Figure 12 Smart Card OBU for the Electronic Road Pricing Schemein Singapor e’
5.2.5 Option 5: Smart Card On-Board Units for SOVs andMsO

8 Source: Utah Department of Transportation

o Source: Transport Issues, UK
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A smart card on-board unit (OBU) refers to a tramgfer capable of reading information

contained in a smart card. The device determimestmber of occupants in the vehicle by the
number of smart cards detected. After the occupdees is determined, the smart card on-
board unit then transmits this information to theélAystem to be charged the appropriate toll.
No HOT lane facility in the U.S. currently usesstkechnology.

5.2.6 Option 6: Separate SOV and HOV Lanes

In facilities with self-declaration lanes, usersldee their occupancy status by driving through
the designated HOV or SOV lanes at the tolling tioces. Vehicles on the SOV lanes must be
fitted with a transponder to pay the toll while ieds using the HOV lane must have the
required number of occupants to avoid being stoppethe highway patrol. Prior to the tolling

point, users are free to drive in any lane. Thigetpf configuration is used in Denver’s I-15

HOV Express Lanes (Section 6.5) and is plannethi®METRO HOT lanes project in Houston,

Texas (Section 6.6).

-‘-‘1—""‘-._

Figure 13 Self-Declaration L anesfor the SR-91 Express L anesin Orange County®

5.3 Meritsand Constraints of the Available Self-Declaration Systems

Table 17 presents a preliminary overview of thesgdde merits and constraints of the
technological concepts or configurations discussete previous.

Table 17 Meritsand Constraints of Self-Declaration Systems

Self-Declaration
Configuration

User Declaration Action Merits Constraints

10 source: Orange County Transportation Authority

31



HOV: User takes no action.

Only one transponder per
vehicle.

Pricing strategies are
limited.

Option 1:
Transpondersfor | SOV: By default, the user . . Without HOV pre-
SOVsOnly signals SOV status by Simple system that is registration and ALPR,
. ; currently used by many : .
installing a transponder. e toll evasion processing
facilities.
cannot be automated.
Obtion 2: HOV: User installs a HOV Requiring more than one
Sgparaté transponder. All users are detected, may transponder may conflict
enable pricing and with state law.
Transpondersfor

SOVsand HOVs

SOV: User installs a SOV
transponder.

enforcement strategies.

May not be user friendly

Option 3:
Transpondersfor
SOVs, HOV
Pre-Registration

HOV: User registers
vehicle’s license plate.

SOV: User installs a
transponder.

HOV do not need a
transponder.

Resources must be
diverted to process the
pre-trip registration
process and the review ¢
ALPR images.

-

Option 4:
Switchable
Transponders

HOV: Switching
transponder to the HOV
status option.

SOV: Switching
transponder to the SOV
status option.

All users are detected, may
enable pricing strategies.

Only one type of
transponder for all users.

Relatively new
technology not in use in
any facility.

Ease of switching status
may present an
enforcement problem.

Option 5: Smart
Card On-Board

All users must install an
OBU.

Smart cards could have
multiple functionalities (e.g,
paying for transit and

HOV trips maybe
prevented if passengers

Unit Vehicle occupants must arking) don’t have smart cards.
have a smart card. P 9-
HOV: User chooses the S_egrggatmn of traffic Requires at least two
simplifies the task of ,
. ) HOV lane o lanes at observation spo|
Option 6: verifying the number of lus th ired
Separate SOV and occupants in a vehicle by plus the space require
SOV: User chooses the . by the observation
HOV Lanes reducing the number of

SQV lane and installs a
transponder

vehicles that need to be

inspected.

infrastructure at those
locations.

ts

5.4 Selection Criteriafor Self-Declaration Systems

The goal of the self-declaration systems is to matie some of the enforcement responsibilities

currently assigned to highway patrol officers. Tjugstion is which of these strategies can best

address violation enforcement challenges while mgehe needs of the public, highway patrol,

departments of transportation and metropolitanrpfanorganizations. The following discussion

will provide an overview of the criteria that must met by a semi-automated self-declaration

system, focusing on five principal areas: enforastinsafety, cost, user comfort, and legal
restrictions. For each criterion, the challengas attvantages are discussed. The discussion was
informed by the literature review and interviewshwHOT facility managers and the California

Highway Patrol.

5.4.1 Improvement of Enforcement Effectiveness
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Enhancing the enforcement activities currently lacp is a fundamental criterion that a self-
declaration enforcement system must meet. To ee#iiz objective a system should:

* Minimize the opportunities to subvert the enforcabsystem

» Decrease the number of vehicles that the officertbaisually inspect

* Reduce the need for interactions between highwaylpaficers and customers

* Operate in areliable and accurate manner

One of the main enforcement priorities is to d&@&Vs from purposefully signaling HOV status.
In the case of switchable transponders, the easbariging from SOV status to HOV status
presents not only benefits, but also concern feraiforcement officer and the facility operator.
Specifically, a SOV with a switchable transpondeuld intentionally travel on HOV status and
quickly revert to SOV status after being intercepby an officer. In case of being intercepted,
the driver could claim that SOV status was rigtyfuleclared and the reader misinterpreted the
transponder signal. This enforcement challengddcbe addressed if the CHP can officer
expediently accesses the status log of the switehemsponder with read/write capabilities.

For San Diego’s I-15 Managed Lane Facility, thechémr a system that stores transponder
transaction history and makes it instantly accéssib CHP officers in the field is further
amplified by the multiple access and egress poisusers become familiar with the facility
and the enforcement patterns of the CHP, some ateddle to falsely declare HOV status at
tolling points where they expect no CHP presendas Type of violation could represent a
significant loss of revenue if not detected by drdorcement system. Any new transponder
technology or arrangement that aims to differeatlztween HOV and SOV users must have a
strategy to detect users who falsely claim HOVustatThis can be accomplished by providing
the transponder status (or switch) log history be tCHP officer through a quick and
straightforward interface on handheld devices.

Unintentional violations should also be consideiadselecting a semi-automated system.
Unintentional violations could easily be addresbgdiesign and planning decisions prior to the
implementation of the self-declaration system. &mample, facilities that employ separate lanes
for SOVs and HOVs can minimize confusion by cust@reecidently selecting the wrong lane

with effective signage and pavement markings. $ielgdhe incorrect occupancy status on a
switchable transponder could be avoided with ugendlly design. Regardless of the selected
technology, public outreach will play a major ralgreventing unintentional violations.

Self-declaration systems have the potential of ceduthe number of vehicles that the CHP

officers have to visually inspect when combinedwah ALPR system. As previously discussed,
ALPR systems automate the toll enforcement procHss.effectiveness of this strategy hinges
on the reliability and accuracy of ALPR technolog@fe task of inspecting vehicle occupancy is
further simplified by self-declaration lanes. Sadfelaration lanes offer a unique advantage by
segregating traffic into SOV and HOV users. Consetly, a highway patrol officer has to

direct his or her attention to only one lane. Agible drawback of self-declaration lanes is that
one type of user could be significantly more repn¢sd than the other (e.g. significantly more
HOV users than SOV users) which could result ifed#nt lane speeds at the tolling points. This
hypothetical situation could affect the performan€¢he facility upstream of the tolling points.
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The likelihood of this scenario would have to bedstd further considering the traffic
composition and the geometric realities of the Ma#&naged Lanes.

5.4.2 Risk Minimization

The self-declaration system selected should beeweaad for risk, specifically if unsafe driving
could possibly occur when drivers are distracteth wheir transponders, or if the safety of the
highway patrol officers is compromised.

Generally, enforcement systems based on transpéeciemology do not represent a safety risk.
However, some drivers may attempt to change théigroation of their devices while driving,
either to correct a declaration mistake or viotae facility rules. Regardless of the reasons, this
type of driver distraction represents a risk andsaderation should be given to technological
features that could preclude the possibility ofresghanging their occupancy status while the
vehicle is in motion.

Another safety consideration is last minute chamgelf-declaration lanes at tolling gantries. A
serious risk is posed customers who realize, isecfroximity to the gantries, that they have to
get into the appropriate lane, engaging in unsaémeuvers to avoid a penalty. Although
intuitively possible, experience with self-declawatlanes in Denver’s 1-25 HOV Express Lanes
does not provide any evidence to support this aon¢getailed in Section 6.8}. Effective
signage, pavement markings, and public outreachdcgreatly reduce any dangerous lane
changes at the tolling points.

Highway patrol officers issuing violations also geat safety risks. The longer the officer is

outside inspecting a vehicle, the greater riskrofecident that could endanger the officer’s life.
Additionally, the longer the officer has to spertdtlae roadside with a possible violator, the

greater will be the traffic disruption caused bylarnecking, a phenomenon that also affects
safety. Therefore, quick access to a customer'swuatccan minimize risks by reducing the

amount of time the officer spends on the shouldén@facility 2

5.4.3 Cost of Self-Declaration Systems

The unit cost of hard case transponders fluctuageseen $20 and $25, compared to sticker tags
which are usually $5 or less. Customers of MiahB$ Express Toll Lanes have the option to
buy either type, the hard case transponder (SurfRa$able) at $25 or the sticker tag (SunPass
Mini) at $4.99. The availability of both transpamd allows choice though sticker tags may limit
policy decisions. Sticker tags may not be suitabkvitchable transponders and detachability
are desired. If cost to the customer is the ma&son why stickers are being considered, recent
advances in transponder technology and increasadrt have steadily decreased the cost of
hard case transponders. Other issues relatednsptader cost are the device’s lifetime, power
source (battery or no battery) and the required lofiice operations.

" Stegman, Stacey. Colorado Department of Transjamt&Email Communication. California Center for
Innovative Transportation. 24 Jun. 2010.

12 Keller, John. California Highway Patrol. Telephdnterview by the California Center for Innovative
Transportation. 21 Jun. 2010.
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Georgia’s State Road and Tollway Authority Septen2@)9 procurement request received a
bid with 5.9 GHz transponder, which is the next egation of dedicated short range
communication devices, at $24.80 per unit, a piazebelow the expected $40 to $50 range.
The Virginia Department of Transportation reportédt the unit price of the switchable
transponder ranges from $20 to $25.

Another cost consideration is how reliant the gyste on automated license plate recognition
(ALPR) technology. A single ALPR camera costs agpnately $20,000 not including the cost
of installation, software, computers, fiber optiasd other components.Additionally, back
office operations required to screen the ALPR insagmuld require significant human resources.
However, the benefit of ALPR technologies on erdanent could justify the cost.

5.4.4 User Comfort

The success of a self-declaration system depentisge part on the customer. As previously
discussed, the frequency of unintentional violagiand the safety of the facility will depend on
what type of system is implemented. An additionabsure of success is how the users perceive
the system, which in part depends on whether theByis easy to use and flexible.

The I-15 Express Lanes requires a user declare 8&\s by attaching a FasTrak transponder to
the windshield and HOV status with no transpond&mplifying the process of changing
occupancy status could constitute a marginal befogfthe user. Systems based on technologies
or concepts familiar to the user present implentemtaadvantages and create a sense of
continuity. For example, a switchable transpondeuldl make the declaration process more
straightforward with the user toggling a switchcttange occupancy status instead of affixing or
removing a transponder from the windshield. Setla@tion lanes, on the other hand, only
require selecting the correct lane to declaretasta

In the context of this discussion, flexibility re$eto the ability to change occupancy status
without the need to plan ahead. It implies thahé number of occupants were to change for a
particular trip, the driver could change from SQWVHOV or from HOV to SOV with ease. A
self-declaration system that involves switchabbngponders or self-declaration lanes would
only require from the user to toggle a switch ocarade lanes to update their occupancy status. A
multiple transponder configuration would require tiiser to have both transponders to change
status. A HOV pre-registration system would alloveleange in occupancy status if the user
registers her or his vehicle as HOV and also obtaitransponder. The Smart Card OBU could
be considered the least flexible technological aptsince it requires smart cards from all
passengers, a requirement that would be hard t¢ imeases where passengers without smart
cards are part of the trip.

13"Huge Transponder Price Drop in GA - 6C Sticke/581to $3.05ea, 5.9GHz $24.80e80LLROAD News20
Sept. 2009. Web. <http://www.tollroadsnews.com/mé885>.

14 Boothe, Roger. Virginia Department of Transpod@atiEmail Communication. California Center for Inative
Transportation. 22 Jun. 2010.

!5 Eberline, AndrewCost/Benefit Analysis of Electronic License Plafesch. no. FHWA-AZ-08-637. Arizona
Department of Transportation, June 2008. Web.
<http://www.azdot.gov/TPD/ATRC/publications/projentports/PDF/AZ637 .pdf>.
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5.4.5 Legal Considerations

Several California legal requirements stipulate helgctronic tolling technology must be
compliant with Title 21 protocol and interoperablith other tolling facilities in the stafé.
Self-declaration systems that do not meet the’stegdgquirements would confront a complicated
bureaucratic process. Therefore, the benefits wchnology that do not meet state standards
would have to be weighted by the length of time affdrt needed to change the current legal
requirements.

Another legal matter that must be considered is ddenissibility of violation evidence.
Enforcement systems with relatively large margihemwor (relative to court standards) could
render inadmissible any evidence of violation. Baffice operations that provide ways to
reduce error margins and transmit information gyit¢& patrol officers can help produce sound
evidence to the violator.

5.4.6 Additional Requirements to Consider

The factors listed below are not critical requiretsefor implementation though they could be
taken into consideration when deciding among sinsyatems.

« Detailed information on the level of vehicle occapa This benefit refers to the
capability of a self-declaration technology to rate if there are one, two, three or more
vehicle occupants. This feature enables the agemagtroduce additional policies, or
different tolls depending on levels of occupanceg.(ia SOV toll, a HOV 2 toll and a
HOV 3+ toll) to promote ridesharing. The switchablensponder may be better suited
for accomplishing this objective.

e Potential to integrate the Compass Smart Carde Compass Smart Card is a transit
pass that is reusable and accepted on all traysdéras in San Diego. The Compass card
can be used for HOT lane tolls by inserting it iat&mart Card OBU. The advantage is
that all transportation payments could potentiakbymade by one card.

« Accurate traffic counts in managed lan8$e vehicle detection systems could provide
traffic counts useful for planning purposes.

¢ Reduced education campaigtiscustomers feel comfortable with a new self{deation
technology due to previous experience, SANDAG couiohimize the scale of the
education campaigns.

16 Title 21 refers to open compatibility specificat#ofor two way communications protocol for automathicle
identification precluding the vehicle owner fronstalling more than one device to use toll faciétatewide. The
Title 21 standard is an open specification. SauBzdtrans Department of Transportation.
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6. SURVEY OF SELF-DECLARATION SYSTEMSAND
IMPLEMENTATIONS

This chapter describes the violation and enforcenesmmnologies used in HOT lane projects
planned or in operation in the United States.

6.1 HOT LanesProjectsin the United States

Between March and June 2010 the research teamctedtaansportation agencies with HOT
lane facilities in planning, construction or operaal phases. Project managers and agency
officials associated with of HOT lanes facilitieem interviewed on the physical characteristics
of the lanes, the selected electronic payment systand the technologies and strategies used to
enforce occupancy and toll evasion violations eftcilities.

The interviews revealed that current enforcememir@gches can be categorized into three
groups:

» Enforcement of occupancy and toll violations regysolely on visual inspection of the
occupancy of vehicles that do not complete a vahdsponder transaction. Highway
patrol officers rely on transaction status indicat@ SI) or mobile enforcement readers
(MER) to verify if a vehicle completed a valid tsponder transaction.

* Implementation of self-declaration lanes and autamécense plate recognition
(ALPR) systems. The ALPR system is used to autotm&tenforcement of toll evasion
in the SOV lane and highway patrol officers visyatispect the occupancy of the HOV
lanes

* Requirement of HOV pre-registration and implemeatatof an ALPR system. The
ALPR system is used to automate the enforcemettlloévasion and highway patrol
officers verify the occupancy of vehicles with a ¥@ecal.

The interviews identified several factors that deél current violation enforcement practice in
HOT lanes facilities. These factors include théofeing:

» State laws regulating electronic tolling and enéonent technologies;

* Budget and scheduled constraints;

» Desire to automate the enforcement process;

* Physical dimensions of the facility;

» Climate conditions; and

» Transponder options that best fit the needs oHO& facility and its customers.

This section presents an overview of the violatorcement strategies of nine HOT lanes
projects in the United States. A total of ten tparsation agencies were contacted, of which nine
were able to participate in the study. Of the i@T lanes facilities studied, the following five
are currently in operation:

* SR-167 HOT Lanes Pilot Project Seattle, Washington
* [|-95 Express Toll Lanes Miami, Florida
* [|-15 Express Lanes Salt Lake City, Utah
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+ 1-394 MnPASS Express Lanes Minneapolis, Minnesota
e 1-25 HOV Express Lanes Denver, Colorado

The remaining four projects were either in plannigyor planning and construction (P/C) stages
at the time the respective interviews were conalclbese projects are:

e METRO HOT Lanes Project (P/IC) Houston, Texas

» |-495/Capitol Beltway HOT Lanes (P/C) Fairfax County, Virginia

» Los Angeles Express Lanes Project  (P) Los Angeles, California

» Bay Area Express Lanes Network (P/C) San Francisco Bay Area, California

The following subsections are divided in three qal) key findings, 2) background, and 3)
description of violation enforcement strategies.

6.1.1 SR-167 HOT Lanes Pilot — Seattle, Washington
Key Findings

* Transponders have read-write capabilities whicistasaforcement efforts

« Random assignment of patrol shifts to shape thégsiperception of the enforcement
activities

e Concerns over legacy sticker tags

Project Overview

The SR-167 HOT lanes facility is a four-year pifmbject in Washington State. One of the
primary objectives is to demonstrate the effectegsnof the lanes in reducing congestion. A
dynamic pricing algorithm based on real-time spekda from the lanes is among the
technologies being testéfThe dynamic pricing system varies the tolls from5® to $9.00
every five minutes depending on the traffic levielsthe HOT lanes. The goal is to maintain a
free flow speed of 45 mph on the HOT lane the engeriod of operation, from 5:00 am to 7:00
pm.

HOV to HOT conversion was completed on May 3, 2008 one lane per direction for nine
miles. Currently, the HOT lanes are separated ftioengeneral purpose lanes by solid double
white lines that create a two foot buffer (eighthies for each painted line and eight inches for
the unpainted space between the lines). Profilgtiplaaises the lines so that drivers feel a bump
when driving over them. Six northbound and fourtebound access zones are identified by
dashed lines®

An electronic toll collection system is used in faeility. Customers have the option of using
hard-case transponders or sticker tags, both aftwimave read-write capabilities. The sticker tag

Y Patterson, Tyler. Washington Department of Trartsgion. Telephone interview by the California Garfor
Innovative Transportation. 3 Mar. 2010.
'8 |bid.
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was selected because of its low price while thel ltase transponder was not phased out to
maintain consistency with other electronic tollifiéies in the state. As part of the pilot project,
5.9 GHz transponder technology is being testedaf@ossible transition in the future. Other
technologies being studied include switchable panders and smart card on board utits.

HOT Lanes Violation Enforcement Overview

Toll and vehicle occupancy violations are enforgadnually by state patrol officers. The
Washington State Department of Transportation (WEPgays the full cost for enforcement of
approximately 250 personnel hours per month. Troopecate themselves in shoulder bump-
outs along the lanes to enforce the toll and vehacicupancy requirement. They are assisted by
handheld devices and transaction status indicdii) (lights to verify toll payment. The TSI
flashes a white light when a valid transponderetedted and no flash when a transponder is not
read. Officers must visually inspect the vehicldsew no light flashes to determine if the users
are complying with the occupancy requirements & line (2+ occupant$y.Officers have
reported difficulty in seeing TSI lights on occasidue to glare. Also, the officers maintain
mixed opinions on the effectiveness and ease obtdee hand held devices.

The Washington State Patrol uses a strategy knasvriemphasis patrols” to enforce the
occupancy requirement. On emphasis patrol, the eurob officers on duty is significantly
increased. The practice, used randomly, is intgénde draw the public’'s attention to the
enforcement effort (“emphasis”) and discourage mideé violators. Another strategy used to
discourage violation is the installation of regafgt signs along the route informing drivers
should enter and exit the HOT Lanes at the appatgiocations as crossing the double white
lines is illegal.

Sticker tags offer customers a low cost alternabue have also presented some enforcement
challenges. An increasingly common occurrenceliresodrivers claiming to have an active tag
when in fact they are attempting to use an inacr@unt inherited from the previous owner of
the vehicle who did not remove the tag. When stdppg highway patrol, some drivers
challenge the accuracy of the officers’ handheldiaks or the TSI lights. These challenges
require officers to contact the back office openagito verify the claim, a process that consumes
time. This problem is of concern to WSDOT sinceytlegpect the number of inactive sticker
tags to continue to grow given that detaching &kstitags from the windshield renders it useless.
Consequently people leave it attached in the wirdtsleven when they cancel their account or
transfer ownership of their vehicle to another eri}

6.1.2 1-95 Express Toll Lanes — Miami, Florida
Key Findings

« ALPR used for automated enforcement of toll evasion

9 Ibid.

2 \WSDOT. "SR 167 HOT Lanes - Commonly Asked Questions." www.wsdot.wa.gov/. WSDOT. Web. 21 Apr. 2010.
<http://www.wsdot.wa.gov/Tolling/SR167HotLanes/fag.htm>.

% patterson, Tyler. Washington Department of Transportation. Telephone interview by the California Center for Innovative

Transportation. 3 Mar. 2010.
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« HOVs must pre-register and affix a HOV decal
» Officers check the occupancy of vehicles with HCA¢al

Project Overview

The 1-95 Express Toll lanes project encompasseptvases: Phase 1 was completed early 2010
and replaced two existing HOV lanes for both nootiid and southbound directions. A HOT
lane corridor for the east/west direction is pdrPbase 2, which is expected to be completed by
2011. Thze2 primary objective of these express la&s increase and manage the capacity of the
corridors:

The eight mile express lane facility is separatedhfthe general purpose lanes by a buffer zone
delineated by double solid lines with plastic divisin the middle. Travel on the express lanes is
free for registered vanpools, HOVs of three or neord hybrid vehicles. The registration process
requires all HOV participants to provide their nameme address, work address, work schedule
and license plate number, among other informati©Once registered, each HOV member
receives one 1-95 Express decal. HOT lane vehitiasdo not meet the toll exception criteria
must obtain a Sunpass transponder or sticker tatetdronically pay the toll. Dynamic pricing
varies the toll from $0.25 to $7.50, although theximum toll is typically $3.58° The goal is to
maintain speeds of 55 mph in the express laneseS3ire implementation of the HOT lanes the
speed has doubled in the corridor as a whole.

RFID transponders are required of all toll payingtomers. The users are given the choice to
purchase a portable device (hard case transpod2i1Q0 plus tax) or a more inexpensive fixed
device (sticker tag, $4.99 plus tax). Both deviees compatible will all other toll roads in
Florida.

HOT Lanes Violation Enforcement Overview

The Florida Department of Transportation (FDOT)dsirmanual enforcement by the Florida
Highway Patrol (FHP) for $300,000 per year. ThePRptovides spot enforcement during peak
traffic periods of the da§* The primary responsibility of the FHP is monitayithe occupancy
of registered vehicles. Officers can identify régied HOVs by the decal provided during the
registration process. Those registered vehiclaggusie facility without the required number of
people are subject to a citatioh.

An automatic license plate recognition system, fdtynknown as the Florida's Turnpike
Enterprise (FTE) automatic violation enforcemergtesn, is used to automatically enforced toll

2 santana, Rory. Florida Department of Transportation. Telephone interview by the California Center for Innovative Transportation. 2
Mar. 2010

B EDOT. "Tolling." www.95express.com. FDOT. Web. 21 Apr. 2010. <http://www.95express.com/home/tolling.shtm>.

24 Santana, Rory. Florida Department of Transportation. Telephone interview by the California Center for Innovative Transportation. 2
Mar. 2010

% FDOT. "Registration Process." www.95express.com. FDOT. Web. 21 Apr. 2010.

http://www.95express.com/home/registration.shtm
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violations. The system takes a photograph of tbhenke plate of vehicles without a valid
transponder or sticker tag and a citation is sulrseily mailed to the vehicle owngt.

FDOT considered charging users the toll using Alte¢hnology, but determined that the use of
transponders was the cheapest and most accuratéovtaly. Currently ALPR is used only for

toll violation enforcement. FDOT also consideredtsiable transponders. Since HOV users do
not represent a large majority (one percent oettress lanes users) this option was not pursued.
Moreover, the switchable transponder models pregeswme logistical challenges, particularly
for verifying if the transponder was in SOV or H®\bde?’

6.1.3 [-15 Express Lanes — Salt Lake City, Utah
Key Findings

e Transition from a decal system to an electroni¢esys
» Transponder will have a sliding tab to declare S®WOV status
» Officers enforcement activities will be assistediaydheld devices and TSI lights

Project Overview

In 2006, the Utah Department of Transportation (UD@nplemented a decal system allowing

SOV customers use of the HOV lanes for $50.00 pentim This system is in the process of

being upgraded to an electronic toll collectiontegg scheduled to open Fall 2010. The new
system will require customers to use a transporimtanded Express Pass. The primary objective
of the 1-95 HOT lanes is congestion mitigation; therent lanes have reduced delays by four
minutes.

The corridor has one 60 mile lane in each directiime lanes are separated from the general
purpose lanes by a two foot buffer zone demarclayed solid double white line. Access points
are shog\én by dashed lines. The lanes have a sthd@afeet wide shoulder along most of the
corridor:

Dynamic pricing will be used to adjust the tollcaaing to traffic conditions as well as which

and how many of the four tolling zones the custodrares through. Tolls will change with the

goal of maintaining a target speed for the explasss of 55 mph. Buses, HOVs with two more
passengers, motorcycles, emergency vehicles an&t€ (Clean Fuel-Clean Air license plate)
vehicles are and will continue to be exempt from tthil >

% FDOT. "FAQ." www.95express.com. FDOT. Web. 21 Apr. 2010. http://www.95express.com/home/FAQ.shtm

 santana, Rory. Florida Department of Transportation. Telephone interview by the California Center for Innovative Transportation. 2
Mar. 2010

%8 Cutler. Catherine. Utah Department of Transportation. Telephone interview by the California Center for Innovative Transportation. 3
Mar. 2010

2 UDOT. "FAQ - Express Lanes.tth://www.udot.utah.gawDOT. Web. 21 Apr. 2010.
<http://www.udot.utah.gov/expresslanes/faq.php>.
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While UDOT considered 5.9 GHz, they concluded that technology still needs development
and is currently too expensiveln the interim, all users will have to purchasevetchable
transponder with an up/down switch to indicate HEASOV !

HOT Lanes Violation Enforcement Overview

UDOT pays $120,000 per year for two officers durimgekday peak hour enforcement. The
officers are responsible for both toll and occupgaviolations. State mandate does not permit
cameras and other automatic license plate readlées tised as an enforcement tol.

TSI lights will be located in lane overhead sigasassist officers. The TSI lights will flash one
color for valid transponder reads, another colorro funds in the transponder account and a
third color for no transponder. Handheld devicel assist officers in the verification of toll
payment. With the handheld devices officers caul i@ transponder’s information and verify the
customer’s activity in the facility.

6.1.4 1-394 MnPASS Express Lanes — Minneapolis, Minnesota
Key Findings

¢ Only SOVs need transponders
« The locations available for enforcement make TSireutical
» Officers rely on Mobile Enforcement Readers foroeoément

Project Overview

The 1-394 MNnPASS Express Lanes project opened @b 2@th the conversion of existing HOV
lanes into HOT lanes. A second facility, the 1-33Xpress Lanes, opened on October 2009,
although some sections are slated to open late, 2dt0all extensions completed by 2012. Both
facilities converge in Minneapolis. The Minnesot&dartment of Transportation (MNnDOT)
implemented the -394 MnPASS project to enhanceeffieiency of the corridor, preserve the
performance of the HOV lanes and provide an opio8OV drivers. The project has increased
throughput by approximately five percent in therichor >

The 1-394 MnPASS Express Lanes consist of two gestior the eleven mile stretch. The first
section is a single lane in each direction runrfmgeight miles. The lanes are located in the
inner section of the four lane freeway and theysmgarated from the general purpose lanes by
double white lines. The second section consistavof reversible lanes separated by concrete
barriers from the general purpose lanes. Five nm€liate access points are located on the first

* Cutler. Catherine. Utah Department of Transportation. Telephone interview by the California Center for Innovative Transportation. 3
Mar. 2010

3L UDOT. "FAQ - Express Lanes.tth://www.udot.utah.gawDOT. Web. 21 Apr. 2010.
<http://www.udot.utah.gov/expresslanes/fag.php>.

32 Cutler. Catherine. Utah Department of Transpartatielephone interview by the California Center fo
Innovative Transportation. 3 Mar. 2010

% Buckeye, Kenneth. Minnesota Department of Trartsgion. Telephone interview by the California Cerite
Innovative Transportation. 3 Mar. 2010.
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section, officially called the diamond section hesm of the HOV lane symbol. The second
section doesn’t have intermediate entry points.

The system uses dynamic pricing to set the toltattg according to traffic conditions with the
objective of maintaining speeds around 50 mph. tdlie usually range from $0.50 to $8.00 and
are applied in the peak direction and hours: fro@® &m to 10:00 am in the eastbound direction
and from 2:00 pm to 7:00 pm in the westbound dioactHOVs with two or more passengers
and vanpools are not required to have a transpandese the Express Lan&sAdditionally,
pricing varies according to the segment of thelifgici®

A transponder (called the MnPASS) is required tg fiee tolls. The selected transponder is
manufactured by Raytheon and has read/write capejlan important criterion in the selection
process. Additionally, the transponder can easdytlrned on and off by placing it on or
removing it from its cradle. The transponder wdseded through a competitive bid process.

HOT Lanes Violation Enforcement Overview

MnDOT funds two state patrol shifts: one shift fré&h®0 am to 10:00 am and the other from
2:00 pm to 7:00 pm. This is a supplemental sertocde standard service provided by the state
patrol. Additional enforcement is provided by gitglice and Metro Transit polic&.

The officers use handheld devices to verify tolympant and if a transponder was read. The
enforcement of toll violations and occupancy viaas is done entirely by the patrol officers due
to a ruling by the state’s Supreme Court bannireguige of video tolling.

As described above, the 1-394 MnPASS lanes coosisto sections, one of which is separated
from the general purpose lanes only by a stripefflebiand has multiple access and egress
points. This configuration represents a challengenfa toll enforcement perspective since
vehicles could enter the lane at unauthorized poifah additional challenge is that users could
disconnect their transponders while using the laneerder to go undetected by the RFID
readers. These challenges were one of the maionmeaghy MnDOT selected a transponder
with read/write capabilities. With this type of misponders officers can query a user’'s
transponder and determine its activity in the faciFor example, given that the enforcement is
usually done at the end of the reversible sectadrjver could decide to deactivate the vehicle’s
transponder while passing thorough previous tollogations only to reactivate it again when
entering the reversible lanes section. However gusER, officers could read the user’s
transponder activity and detect questionable ayptiVi

3 Scott, Brian. "HOT Lane Design Overview." Webin2t. Apr. 2010.
<http://www.ntoctalks.com/webcast_archive/to_jun_Q3/to_jun_13_07_bk.ppt#256,1,MnPASS 1-394>.

% Buckeye, Kenneth. "High-Occupancy Toll Lane Inrtias: 1-394 MnPASS. Transportation Research Board
85th Annual

Meeting(2006): p18.

% Scott, Brian. "HOT Lane Design Overview." Webin2t. Apr. 2010.
<http://www.ntoctalks.com/webcast_archive/to_jun_Q3/to_jun_13_07_bk.ppt#256,1,MnPASS 1-394>.

37 Buckeye, Kenneth. Minnesota Department of Trartsgion. Telephone interview by the California Cerite
Innovative Transportation. 3 Mar. 2010.
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Kenneth Buckeye, project manager of the Expressdgmroject, commented that the self-
declaration lanes concept is a good idea, but ffeces available in the highways under
consideration is limited. The corridor's narrow epaand limited enforcement positions have
also made TSI impractical. According to Mr. Buckeyelying on TSI requires watching the
beacon through a vehicle’s rear-view mirror, doagisual inspection in case a violation has
taken place and then finding a gap to pursue trspested violator. Compared with the
efficiency and robustness of transponder readémtdogy, employing TSI in the enforcement
process is too complicated in -394 MnPASS exptasss. Consequently, patrols rely on the
transponder reader technology installed on thdiickes.®

6.1.5 [-25 HOV Express Lanes — Denver, Colorado
Key Findings

* The facility has self-declaration lanes at tolllngations
* ALPR used for automated enforcement of toll evasion
» License plate tolling gives SOVs the option of having a transponder

Project Overview

The Colorado Department of Transportation (CDOTpHIHOV Express Lanes consist of two

reversible lanes that extend for seven miles. @hed, which replaced two existing HOV lanes,
are located in the middle of the corridor separdtech the general purpose lanes by concrete
barriers. The primary objectives of the project evér better utilize the capacity of the HOV

lanes and mitigate the congestion in the corriddre project costs were approximately $8

million, of which $2.8 million were paid with a fedal grant®*°

The toll in the 1-15 HOV Express Lanes varies bew&0.50 and $3.50 according to the time of
the day, not traffic conditions. There are twoitglperiods: the morning peak period from 5:00
am to 10:00 am and the afternoon period from noodt@0 ant! Unique to the lanes is a policy
allowing SOV users the option of installing theili&ggs transponder. Those users without a
transponder are billed at the end of the monthhenbiasis of the number of times the ALPR
system detected the vehicle’s license plate nun®@Ks with a transponder are not required to
register their license plates. Vehicles with twanwre occupants do not need a transponder and
use the lanes for free. Users self-declare thiatus by driving in the designated HOV or SOV
lane.

CDOT plans to transition to a new type of transpmnithat meets the state’s interoperability
requirement. Under consideration are sticker tags.

% Buckeye, Kenneth. Minnesota Department of Trartsion. Email communication to the California Cerfter
Innovative Transportation. 22 Apr. 2010.

39Toll Violations on the I-25 Express Lane&XpressTollWeb. 30 June 2010.
<https://www.expresstoll.com/Default.aspx?pn=ToliMtionsonthel-25ExpressLanes>

“0 Stegman, Stacey. Colorado Department of Transjamtal elephone interview by the California Cerfar
Innovative Transportation. 22 Jun. 2010.

*1 CDOT. "Toll Rates/Violations"CDOT. Web. 30 June 2010.
<http://www.coloradodot.info/travel/tolling/i-25elv-express-lanes/rates-violations#howmuch>.
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HOT Lanes Violation Enforcement Overview

The self-declaration lanes and the ALPR systemnatlte patrol officers to concentrate on the
HOV lane only. The task of the officer is to inspde level of occupancy in the HOV. CDOT
pays the full cost at an overtime rate of $75 prrhOne officer patrols the lanes for 50 percent
of the peak time periods (approximately 20 holfghe CDOT has plans to provide handheld
devices to assist the patrol officers.

The E-470 Public Highway Authority is responsibde the operations of the ALPR system. On
average two cameras per lane capture front and ibades of vehicles. A total of eight images
are taken: two are infrared images and six ardhidight images. The experience of the 1-25
HOV Express Lanes shows that the accuracy of thBeRAkystem is affected primarily by the
following issues:

* Plates with no DMV record

* Vehicles not aligned in the lane

» Temporary or car dealership plates

» Out-of-state plates with special formatting

* Glare, bad lighting and weather
Images with alphanumeric characters not initialgcagnized by the ALPR software are
examined manually. Images are rejected if the mianapection cannot decipher the characters.
License plates not in the database are cross-nefedewith DMV records from Colorado and
other states, a challenging task given imperfesnise plate records. A final control check is
carried out after the images are rejected to ersuabty of the human inspection procéss.

6.1.6 Metro HOT Lanes Project — Houston, Texas
Key Findings

* All users will need to have a transponder
» Self-declaration lanes are planned for enforcerparposes
* Toll evasion processing will be automated using RLP

Project Overview

The Metropolitan Transit Authority (METRO) of HasriCounty, Texas is in the process of
converting the existing HOV lanes on IH-45 Nortl§89 North, IH-45 South, US-59 South and
US-290 into HOT lanes. As with the HOV lanes fagjlia single reversible HOT lane in the
middle of each corridor will be separated from temeral purpose lanes by concrete barriers.

“2 Stegman, Stacey. Colorado Department of Transjamtal elephone interview by the California Cerfar
Innovative Transportation. 22 Jun. 2010

3 Kristick, Dave. E-470 Public Highway Authority. lBphone interview by the California Center for Inatve
Transportation. 30 Jun. 2010.
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The METRO HOT lanes are intended to counteractctireggestion problem in the region and
improve the usage of the HOV larfés.

The lanes will be available free of charge to vigsiavith two or more occupants. SOV users
will use a transponder to pay the toll that will Hetected by a RFID reader. Tolls will
dynamically change based on traffic conditions he HOT lanes. Ultimately, the pricing
mechanism of the lanes is intended to maintaivel lef service of 1,500 vehicles per hour (vpr),
or approximately 50 mpfr:*

On March 19, 2009, METRO signed a $38.7 milliontcact with TransCore to design, supply,
and install the HOT lanes system with an additiop®l46 million per year to operate and
maintain the facilities. When completed, the faéi@$ will have a total of 52 toll and 47
access/egress poirits.

HOT Lanes Violation Enforcement Overview

The METRO HOT lanes violation enforcement strategnters on the use of self-declaration
lanes. At tolling locations, the single reversilaee will diverge into two lanes: one lane will be
designated for SOV users and the other lane for HiGafs’® An ALPR system will be used to
enforce SOV toll violations; highway patrol persehmwill not need to intercept SOV toll
violators. The license plate photograph taken by MLPR system will be used to send a
violation notice to the vehicle owner.

Users of the HOV lane will not be charged a tolt.tAe tolling location an observation booth
will be staffed with METRO occupancy verificatiorengonnel. Users in violation of the 2+
occupancy requirement will be intercepted by theTRP'’s patrol officers.
METRO decided to implement this enforcement systemfiguration because it automates the
toll violation enforcement, and by creating the ervation booths at each tolling location, the
manual occupancy enforcement process is givenrhettgage'’

6.1.7 1-495 Capitol Beltway HOT Lanes — Fairfax Countyrginia

Key Findings

4 Lobron, Rich. Metropolitan Transit Authority of H& County. Telephone interview by the Califor@anter for
Innovative Transportation. 9 Mar. 2010.

** lbid.

“ METRO. "HOV & HOT Lanes. Http://www.ridemetro.org/Services/HOV_HOTLanes.aspETRO, 2008.
Web. 19 Apr. 2010

*""TransCore Has $38.7m Construction, $8.46m/yr fop§ HOV-HOTs Houston TX.TOLLROADS New£?2
Oct. 2009. Web. 19 Mar. 2010. <http://www.tollroads/s.com/node/4413>.

“8 Lobron, Rich. "BRT on Managed Lanes or Park-andeRin HOV Lanes." Priority Bus Conference, Washingt
Plaza Hotel, Washington DC. National Capital Redfransportation Planning Board. Web. 21 Apr. 2010
<http://www.mwcog.org/uploads/committee-documentstaXVpwW20090625164813.ppt>.

“9 Lobron, Rich. Metropolitan Transit Authority of H& County. Telephone interview by the Califor@anter for
Innovative Transportation. 9 Mar. 2010.
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» All users will be required to install switchablamisponders
* Long term plans for an automatic occupancy enfoergraystem
* The facility will be compatible with 5.9 GHz tecHngies

Project Overview

Construction on the Capitol Beltway HOT lanes begardate 2008 and is expected to be
completed in late 2012 or early 2013. The primdrjective in implementing the HOT lanes is
congestion mitigation and the replacement of agfigistructure in the corriddf. To finance
this project, the Virginia Department of Transptida (VDOT) entered into a public-private
partnership with the concessionaire, Capitol Bejtvexpress LLC, a group form by two
companies, Transurban and Fldbr.

The project consists of two HOT lanes per directionning a length of 14 miles. The express
lanes are separated from the general purpose lanesfour foot striped median with plastic
channelizers. The project requires rebuilding 50ddes and ten interchanges, and the
construction of three new interchanges. Drivers bal able to enter and exit the toll lanes in a
number of locations.

An electronic tolling system will be installed thaill use dynamic pricing to set tolls based on
real-time traffic information. The system will magea traffic in the HOT lanes to maintain

speeds of 55 mph by dynamically varying the tolwsen $0.10 per mile and $1.00 per mile.
HOVs with two or more occupants are exempted from tbll. All users of the HOT lanes

facility will be required to obtain a switchabletisponder to declare their status.

VDOT is developing a new advanced transportatiomagament system (ATMS) that will be

compliant with 5.9 GHz technologies when the fagilbecomes operational. Another planned
VDOT innovation is the implementation of an autoatavehicle detection/classification system
for tolling.>

HOT Lanes Violation Enforcement Overview

Currently the Virginia State Police (VSP) pays floe enforcement of the HOV lane occupancy
requirements, collecting fines for traffic violat® The planned enforcement system will
initially depend on manual enforcement by VDOT, lbemng term plans call for automatic
enforcement. In fact, the terms of the agreemerh \le concessionaire specify that an
automatic enforcement system must be in place mvghio 10 years. While the concessionaire
works on the automatic enforcement system, offiets be provided with an alarm system
(which has not yet been defined) that will inforhe tofficer if a transponder executed a valid
transaction. Occupancy violation will be enforcgdvisual inspection.

Y Boothe, Roger. Virginia Department of TranspodatiTelephone interview by the California Center fo
Innovative Transportation. 8 Mar. 2010.
1 VDOT. "Project History.'Virginia HOT LanesWeb. 23 July
522010. http://www.virginiahotlanes.com/beltway/gci-info/history.php
Ibid.

a7



Video tolling was evaluated but it was ultimateligrdissed given the available options for
implementation, namely allowing any vehicle withautransponder to use the lanes or requiring
customers to pre-register. It was determined that first option complicated enforcement
activities and the second option is not compatitite current practice in the E-ZPASS regitn.
Implementing a self-declaration lanes strategy alas considered but it was rejected since it
would have affected facility throughput given theffic composition in the corridor?

The ease with which a user could change occupamatysspresents an enforcement challenge.
To address this issue Transurban has establisbddltbwing performance requirements:
* The switchable transponder must be able to redwrgosition of the switch, specifically
the last toll point that the vehicle crossed
» Back office operations must be able to monitor gugps activity (such as a customer
frequently changing the transponder switch) anpackage this information and make it
easily available to the officer in the field

The project’s costs and schedule were the primaagaons for the selection of the enforcement
technologies. Transponders were selected giventlibatiOT lanes are set to open in 2012 and
the concessionaire will take several years to agvtie fully automated occupancy verification
systenm>

6.1.8 LA Express Lanes Demonstration Project — Los Argelalifornia
Key Findings

e Switchable transponders are under consideration
* ALPR and TSI will be part of the enforcement system

Project Overview

The Los Angeles Express Lanes Demonstration Prageet one-year pilot project that will
convert the HOV lanes on the 1-10 and 1-110 to Hi@fes. The 1-10 corridor will have two
HOT lanes per direction that will run for approxi®ig 14 miles while the I-110 will have one
HOT lane per direction for 11 miles. This projexsbeing undertaken by the Los Angeles County
Metropolitan Transportation Authority (Metro) an@l@ans, along with regional partners, after
receiving a $210 million grant from the U.S. Depaht of Transportation. Once completed, the
project is intended to tackle the congestion pnobla both corridors. Construction began in
2010 and will extend until 2012.>’

%3 Kohr, Dean. Transurban. Telephone interview byQhéfornia Center for Innovative Transportatiotd Jul.
2010.

** Kohr, Dean. Transurban. Email communication toGhadifornia Center for Innovative Transportatio?l Jul.
2010Q

*® |bid.

* Metro.Express Lanes Frequently Asked Questitiisb. 7 May 2010.
<http://www.metro.net/projects_studies/expresslamages/10-1680_ntc_ExpressLanes FAQ_ web.pdf>.
" Metro. "Projects: Express Lanes." Web. 17 May 264ftp://www.metro.net/projects/expresslanes/>.
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The HOT lanes will be separated from the genergbgme lanes mostly by striping, although
some segments will be physically separated. Traffioditions in the HOT lanes change tolls
will be adjusted to maintain a minimum speed ofdsh (LOS C). If speeds fall below 45 mph
for more than 10 minutes SOVs will be informed bynamic message signs that entry is
restricted only to HOVs. Tolls will range from $6.per mile to $1.40 per mile.

Vehicles with two or more occupants will have fodle access to the I1-110 HOT lanes. For the I-
10 corridor, vehicles with three or more occupamils be exempt during the peak hours (5:00
am to 9:00 am and 3:00 pm to 7:00 pm) only; alleotimes, vehicles with two or more
occupants will be exempt from the toll. Users widled to install a switchable transponder in
order to declare occupancy of one, two or more tfwam However, customers will have the
option of paying with cash at service centers whegers will also be able to replenish their
accounts. This cash option is a requirement off@ala state law.

HOT Lanes Violation Enforcement Overview

Currently the CHP provides random enforcement & HOV lanes. Once the HOT lanes
become operational, METRO will pay $500,000 permyeafour patrols during the peak hours.
The officers will have limited or no shoulder thghwout both corridors, though strategic zones
for enforcement have been planned. The CHP willrégponsible for toll and occupancy
enforcement®

Given that the project is in its initial stagesrtas details of the enforcement strategy stillchee
to be determined. The selected technologies amategtes for enforcement process respond to
the fact that the USDOT grant established requimeely receipt of deliverables, limiting the
time for considering newer technologies or strasgihe HOT lanes will use ALPR to assist in
the enforcement of toll violations. The system, eithwill serve as a backup to the CHP, will
read the license plate of vehicles without a transler and subsequently determine if the
vehicle’s account is in good standing. Metro isreatly considering which type of handheld
devices will be helpful to the CHP in verifying tpyments?®

6.1.9 Bay Area Express Lane Network — San Francisco BaaACalifornia
Key Findings

» Switchable transponders are being evaluated
* Automated enforcement of toll evasion using ALPR
* CHP will be assisted by TSI to enforce the occugarquirements

Project Overview

Besides the goal of reducing congestion, the pgnudnjective of the Express Lane Network
project is to generate funds to expedite the cotigpleof the HOV network in the Bay Area. As

8 Wiggins, Stephanie. Los Angeles County Metropalifaansportation Authority. Telephone interviewthg
California Center for Innovative TransportationABr. 2010.
59 i

Ibid.
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presented in its Transportation 2035 Plan for the Srancisco Bay Area, the Metropolitan
Transportation Commission (MTC) plans to converD 4@iiles of existing HOV lanes into
express lanes and build an additional 100 milesxpfess lanes in the next few years. The funds
generated by the express lanes will then be usezbristruct 300 miles of express lanes to
complete connections throughout the Bay Area. Wieject is completed, the express lane
network will span 800 mile®. An estimated $4.8 billion will be needed to contgléne network,

of which $1.4 billion will be used to convert theON lanes to HOT lanes and $3.4 billion will
be spent on expanding the network and closingdps? Express lanes for 1-680 is became
operational in September 2010.

The regional express lane network is a single lsystem (one express lane per direction).
However, two express lanes per direction are beongsidered for the US-101 in Santa Clara.
The HOT lanes will be separated from the genergdgae lanes by double yellow stripping. The
shoulder available to the CHP varies from corrigocorridor ranging from two to four feet.

HOVs of two or more occupants will be exempt frone ttolls except on bridges. MTC is
currently evaluating switchable transponders fa tietwork. All users will have to install a
switchable transponder and self declare occupahon®, two or more than two persons. The
switchable transponder is planned to be introduetially on 1-580 in 2011. Although
customers will need a switchable transponder totpaytoll at the tolling locations, a pay by
cash option will be available at service cenféiSwitchable transponders are being considered
because they allow flexible pricing and enforcenstrdtegies.

HOT Lanes Violation Enforcement Overview

The CHP will be responsible for the enforcementhef HOT lanes rules, assisted by an ALPR
system that will read the license plate of all eéds. If a transponder is misread, the user will be
charged the toll based on the image captured byRAt&meras, which will work in conjunction
with the toll system and back-office operationsic8ithe ALPR system will detect and process
situations related to transponder misreads, the @iHRconcentrate on detecting vehicles that
declare an HOV status without the required numlbecoupants. Technologies being considered
to help the CHP are overhead lights or transadieacons to determine which vehicles declare
HOV status. The CHP will have enforcement pock&sgthe shoulders or median barriers to
park and monitor traffi¢®

6.2 Summary of Implemented Enforcement Strategies

As the case studies show, occupancy and toll wiolagnforcement in HOT lanes facilities
currently depend on manual enforcement by law eefoent officials. However, the projects
differ on the type of enforcement technologies ienpénted and on the level of reliance on these

€ Metropolitan Transportation Commission. Transpidon 2035 Plan for the San Francisco Bay Area. R@f9.
1 *Tolling to Be Huge in SF Bay Area with 1300km (BBliles) Network Committed.News | TOLLROADSnews
24 Apr.

2009. Web. 07 May 2010. <http://www.tollroadsnewsx¥node/4122>.

2Wolf, Stephen. Bay Area Toll Authority. Telephdnéerview by the California Center for Innovative
Transportation. 16 Apr. 2010.

% |bid.

50



technologies. On the basis of the interviews, tbkowing enforcement approaches were
identified:
» Enforcement of occupancy and toll violations, netyilargely on visual inspection of
vehicles that do not complete a valid transponggrsaction
* Implementation of self-declaration lanes and an RIl$ystem
* Requirement of HOV pre-registration and implemeatadbf an ALPR system

The most noteworthy enforcement technologies implged that rely solely on manual
enforcement are TSI and handheld devices. Two @& HOT lanes facilities studied
(Washington’'s SR-167 and Minnesota’s 1-394) havelemented TSI and their experiences
suggest that the effectiveness of this technologyé field is limited. Obviously, the problems
experienced with TSI in these facilities may be-sipecific and not translatable to the conditions
of the I-15 Managed Lanes. Minnesota’s 1-394 highvpatrol officers have had a positive
experience with handheld devices, a device thatwvallthe officers to check vehicles for the
presence of a transponder and query the devicesify their transaction history. The ability to
access the transponder transaction history is itapoin the 1-394 HOT lanes since each of the
multiple tolling points cannot have the presenca dighway officer. Transponders will need to
have read/write capabilities to deploy this tecbgglin the 1-15 Managed Lanes.

In facilities with self-declaration lanes (e.g. dens 1-25 HOT lanes), customers are required to
choose a lane in accordance to their vehicle ocaypprior to going through the tolling points.
The facility's ALPR system enforces toll violatian the SOV lane while highway officers
monitor the occupancy of vehicles that choose tt/Hane. The benefits of this strategy are
automated enforcement of toll evasion and simplifiespection of vehicle occupancy since
officers are required to observe only one lane wladirvehicles are expected to meet the HOV
requirement. Questions that could aid in a futwmaweation of this strategy for San Diego’s I1-15
Managed Lanes are:
* How accurate and reliable are current ALPR systems?
* Is the enforcement of toll evasion using ALPR qasthibitive given the back office
operations required to implement a quality-conawlimage review?
* Could the throughput of the facility be compromid®drequiring vehicles to segregate
themselves prior to going through the tolling psiht
* How would customers perceive this strategy?

HOV pre-registration entails customers, among otleguirements, to register their vehicle’s
license plate so that the ALPR system is able sbrdjuish between HOV and SOV users. HOV
pre-registration in conjunction with an ALPR syste@n automate the enforcement of toll
evasion. This strategy has only been implementédiami’s I-95 HOT lanes where HOV users
have to attach a decal to their vehicles so tHates§ can identify them as HOVs. As in the case
of self-declaration lanes, an evaluation of thiategy for the I-15 Managed Lanes would have to
consider the merits and constraints of ALPR systeéxdditional preliminary questions are:

* Would the HOV pre-registration process affect éfadio encourage users to rideshare

dynamically?
* How would HOV preregistration affect interoperatyilin the state?
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6.3 Synthesisof Relevant Factorsin the Selection of Self-Declaration Systems

Several factors have defined current violation erdment practices in HOT lanes facilities
around the United States. The following list présem synthesis of the factors of the decision-
making process.

Legislation. Interoperability requirements have guided the deecof electronic
payment systems in all the HOT lanes facilitiedid. Additionally, state laws can
define which technologies can be deployed for efiorent and tolling purposes. Utah
and Minnesota state laws have prohibited the useaaferas for vehicle violation
enforcement process, thus requiring the state D@Trsely entirely on manual
enforcement. In the case of Salt Lake City's I-1xpiess Lanes, long term
enforcement plans have explicitly considered rajmdversion to camera enforcement
system in the event that a change in state lawsrecc

Cost and schedule constrainSeveral project managers expressed that their sgenc
had considered technologies such as automatedtigiol@nforcement or 5.9 GHz
technologies. However, these technologies wereommsidered mature or too expensive
to be implemented in a large scale project. Instéhd second-best solution given
budget and project schedules were chosen in lighieomore advance options. The case
of the Capitol Beltway Express Lanes in Virginisoyides an example. Given the
projects schedule and budget, the lanes are platméagin operation with manual
HOT lane enforcement strategies while the long teian is to transition to an
automated enforcement system interoperable witlG59 technologies.

Automation of toll violation enforcememithough fully automated vehicle occupancy
enforcement systems have not been implemented ynH®IT lane facility, several
project managers interviewed expressed interestheam as an ideal method for
enforcement. However, the interviewees considdredechnology not currently viable.
Only Virginia’s 1-495 HOT lanes project have regudrthe private partner to implement
an automated enforcement system before the endef gear period. In place of the
fully automated vehicle occupancy enforcement, tdhe cases studied use ALPR
systems to partially automate the enforcement lbfvtolations, namely Miami’'s 1-95
Express Lanes, Denver’s |-25 HOV Express LanesHouston’s METRO HOT lanes.
These facilities require HOV users to declare tls&atus by either selecting the HOV
lane in a self-declaration lane arrangement (Deawer Houston) or by pre-registering
as a HOV (Miami).

HOT lane facility layoutMultiple entry and exit points in long corridorspresent a
challenge to enforcement efforts. The 1-394 MnPAS®ress Lanes is an example of
how an agency has addressed this enforcement mpeallby selecting appropriate
technologies. Officials selected a transponder natdd/write capabilities and officers
were provided with monitoring technology imbeddadhandheld devices to query the
transaction history of the transponder throughbatdorridor. This arrangement allows
officers to determine if a user has deactivated drisher device at tolling points
upstream of the enforcement location.
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Spatial and climate constraintdlarrow corridors limit the number enforcement spots
available for highway patrol and make self-declaratanes infeasible. This was the
situation faced by officials of Minnesota’'s 1-394nMASS Express Lanes project.
Additional site-specific constrains include the e, which could influence the type
of barriers used to separate the HOT lanes fronergépurpose lanes.

Transponder options and the usdihe idea of providing the user with transponder
choices when using the HOT lane facility was meard in the interviews. For
example, officials of Miami’s 1-95 Express Lane®waled customers to continue using
their traditional hard case transponders even thdbg FDOT had introduced a new
sticker tag. This decision provided a sense ofinaity and options to the customers.
Denver’s |-25 HOV Express Lanes allows users theiogh between of affixing a
transponder or relying on video tolling.
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Table 18: HOT Lane Facility Policies and Technologies

. Length Lanes per Range of HOV HOV o Handheld o o
Facility (miles) direction toll requirement | transponders TSI? devices? MER: ALPR?
SR-167 $0.50 to
(Seattle, WA) 9 1 $9.00 2+ No Yes Yes No No
1-95 $0.25 to
(Miami, FL) 8 2 $7.50 3+ No No No No Yes
Decal: $50
115 per month; Planned
(Salt Lake, UT) 60 1 ETC: $0.10 2+ (Switchable Planned Planned No No
' to $1.00 per transponders)
zone
1% section: 1
-394 8 $0.25 to 2+
(Minneapolis, MN) 2" section: 5 $8.00 No Yes Yes Yes No
3
I-25 2 reversible| $0.50 to
(Denver, CO) 7 lanes $3.50 2+ No No Planned No Yes
Non-operating
Facilities
1-495 $0.10 to Yes
(Fairfax County, VA) 14 2 $1.00 per 2+ (Switchable No No No No
Y, mile transponders)
METRO Hot Lanes 87 1 reversible i N Yes No No No Yes
(Houston, TX) lane
[-10:
2 $0.25 to Peak: 3+ Yes :
I-10 and I-110 14 - $1.40 per | Non-Peak: 2+| (Switchable ves Asking No Yes
(Los Angeles, CA) 1-110: . bidders
11 1 mile 2+ transponders)
BA Express Lane 1 be\t/viégr? ot Yes
Network 800 (with 2 lane - and 3+ (Switchable No Yes No Yes
(SFBA*, CA) exceptions) transponders)

(majority 2+)

*TSI: transaction status indicator, MER: mobilefercement reader, ALPR: automatic license platogaition, SFBA: San Francisco Bay Area
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Table 19: Enforcement in HOT L anes Facilities

Facility Enfor cement Approach Futur e enfor cement plans
Manual enforcement of all violations  WSDOT is considering fully
SR-167 Use of handheld devises and TSI automated verification systems,

(Seattle, WA)

card on board units

Manual enforcement of vehicle e Use of handheld devices
occupancy

1-95 Automated enforcement of toll evasion

(Miami, FL) relying on ALPR

HOV must pre-register prior to using
lanes
Manual enforcement of all violations e Transition to electronic payment

I-15 SOVs must have a decal system

(Salt Lake, UT) * Use of TSI and switchable
transponders

-394
(Minneapolis, MN)

Manual enforcement of all violations .
Use of handheld devices, MER and TS

No changes envisioned

I-25
(Denver, CO)

Manual enforcement of vehicle * Use of handheld devices
occupancy

Automated enforcement of toll evasion
relaying on ALPR

Use of self-declaration lanes

Non-operating
Facilities

Planned Enforcement Approach

[-495
(Fairfax County, VA)

Initially, the lanes will be manually enforced witte help of technology

An alarm system will inform the troopers if a vatidnsaction was executed
Private partner is required by contract to impletrsnautomatic enforcement
system

Switchable transponders will be used

METRO Hot Lanes
(Houston, TX)

Enforcement revolves around self-declaration lanes
Toll evasion enforcement will be automated withfiPR system

[-10 and I-110
(Los Angeles, CA)

Manual enforcement assisted by TSI and a ALPR syste
Switchable transponders will be used

BA Express Lane
Network
(SFBA, CA)

Manual enforcement assisted by handheld devices #id®R system
Switchable transponders will be used

55

switchable transponders and smart



7. POLICY CONSIDERATIONSON SELEF-DECLARATION
SYSTEMS

This section presents political, legislative, legatl other policy aspects that could influence the
decision-making process defining the 1-15 Managexhel vehicle occupancy enforcement
system.

7.1 Regulatory and Legisative I ssuesfor the Deployment Self-Declaration Systemsin
San Diego

7.1.1 Title 21 Specifications of RFID Technologies

The Compatibility Specifications for Automatic Vel Identification Equipment standard was

created by Caltrans. Part of the California CoflRegulations as Title 21, Division 2, Chapter

16, Article 1 through 4. Title 21, as this standadcommonly called, stipulates transponder
specifications for automatic vehicle identificatieystems used for electronic toll collection

(ETC) in highways. As the standard’s name suggéstgeneral objective is to ensure statewide
compatibility of ETC technologies. Table 4 presemtsummary of key transponder compatibility

specifications.

Table 20: Transponder Compatibility Specifications

Item Specification

Technology Type Modulated Backscatter

Transponder Antenna Polarization Horizontal

Field-of-View Operation within 90° conical angle

Location Front of Vehicle

Send Mode (Uplink) Carrier Radio Frequency 915 #Mi3z

Subcarrier Modulation Frequency-shift keying withemter frequency of 900 kHz and
frequency deviation of + 300 kHz

Subcarrier Frequencies 600 kHz + 10% and 1200 kH@%

Data Bits Rate 300 kbps

Receiver Field-Strength Threshold 500 mV/m = 50 m\{minimum)

Activation Timing Within 1 millisecond entry intdné reader's modulated radio
frequency field

Reader’'s Message Decoding Time Within 100 microsds®f a 33 microsecond long modulated RF
trigger pulse from the reader

Source: CCR, Title 21, Division 2, Chapter 16, Suaryrand Article 1 through 4

Title 21 specifications may prevent the adoptionnefver technologies, such as 5.9 GHz
transponders. If a non-Title 21 transponder is tified as a potential element of an I-15
occupancy verification system, Caltrans could biipeed to amend or repeal Title 21 by the
procedure described in the Government Code secfi®B40.6 and 11340.7. Section 11340.6
states that “any interested person may petitiontade sagency requesting the adoption,
amendment, or repeal of a regulation.” The petitiarst state:

* The substance or nature of the regulation, amentjroerepeal requested;

* The reason for the request; and
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« Reference to the authority of the state agencgle the action requestéd.

Caltrans has 30 days to either deny the petitioscbedule a public hearing on the matter. The
denial of a petition requires a written explanatiorthe petitioner indicating the reasons for the
decision. The petitioner can ask the agency tonsder the denial within 60 days of the
determination. The process for requesting the redenation has to follow the aforementioned
procedure. Additionally, the petitioner must expléie reasons why the agency must reconsider
the previous decision. The petitioner also mustdidied if the state agency decides to grant the
petition in whole or in part.

7.1.2 Interoperability and Limit on the Number of Transgers per Vehicle

Section 275664 of the California Streets and Higfsv@ode requires that “all automatic vehicle
identification systems and technology used bydllIfacility operators are compatible with one
another” in the state.

In Section 27565(a) of the California Streets amghiWays Code, the Legislature establishes that
“vehicle owner[s] shall not be required to purchasénstall more than one device to use on all

toll facilities.” Therefore, this provision coulegpresent a legal challenge any enforcement or
tolling strategy that requires the use of multipéarsponders.

7.1.3 Safety

In Section 5.3.2 of this report, safety is discdsseterms of its implications to the selection
process of a self-declaration system, highlightirsgracted driving and CHP safety. The method
used to separate the HOT lanes from the generpgbpearlanes is another important safety and
enforcement consideration. For example, HOT laaesbe separated from general purpose lanes
by using specialized striping, plastic delineatorsoncrete barriers. Five of the nine facilities
presented in the case studies section stripe tiggheof the facility. The rest used either fixed
plastic delineators or concrete barriers.

An enforcement concern associated with stripingetaseparation is that drivers could enter or
exit the HOT lanes in unauthorized zones with e@les type of maneuver not only represents a
violation of the facility rules but may also cawsidents. Possible methods for preventing these
types of maneuvers are installing concrete baroerxed plastic delineators. However, these
solutions also have their disadvantages. Concrateéebs are expensive, require additional lane
space and could cause traffic problems in case aficdent in the HOT lanes trafffe. Plastic
delineators are cheaper and require less spaceduite more maintenance.

7.1.4 Privacy and Related Legal Issues

% Government Code Section 11340.6

% FHWA. "Strategies for Improving Safety at Toll Gaition Facilities: Reducing Unsafe Merging and ¢an
Changing."FHWA OperationsWeb. 01 July 2010.
<http://ops.fhwa.dot.gov/tolling_pricing/resouraegort/toll_summary/s5.htm>.
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Several concerns associated with electronic vehagatification systems can be grouped into
three broad classifications related to privacyessf

* Big Brother government concern®esides being useful to monitor terrorists and
criminals, theoretically the technologies used TrCHacilities could be used to track and
persecute government dissenters.

* Unauthorized appropriation of record€riminals could breach the ETC database system
to extract the user records for financial gains.

» Leaking or disclosure of secret recordehe data collected by the ETC (e.g., person’s
location at certain a time) could be leaked orldsed which could cause embarrassment,
anguish or harm to the individu#.

Given these possible privacy concerns the authumshasize the need for public agencies to
have public outreach programs to market the benefithe systems and alleviate any concerns.

Researchers at UC Berkeley found evidence thaagyiconcerns have an impact on the usage
of transponders. The study was based on a suribyS5&B participants who were asked, among
other questions, the reasons why they do not usér&k. Privacy concerns were the third most
selected option after “I don’t think | would useagirak] often enough” and “I haven’'t had the
time [to sign up]”. The researchers concluded fheteived reduction in privacy explains the
lower FasTrak adoption rate in the San Franciscp Aaa relative to other urban regions with
similar electronic toll collection systerfi$This research suggests that some drivers in @aiifo
place a higher value on privacy than on time sdwethe use of the FasTrak transponder, which
may indicate that this is an issue that needs &xpécitly addressed.

The perception that transponders impact privacyidcbe explained in part by the number of
cases for which lawyers have subpoenaed transparastesaction records for criminal and civil
cases. Lawyers have used transponder transactiondeeas incidence in civil cases related to
marital disputes, child custody, and employee/ey@iaases. In California, these concerns
resulted in the 2008 RFID “Skimming” Ban law, whichakes it illegal to read or record
information embedded on RFID-enabled ID withoutsaemt. The handling of data collected by
government agencies in California has been regllatece the passage of the Information
Practices Act of 1977. These statutes stem fromfabethat the right of privacy is explicitly
guaranteed in Article 1 of the Constitution of Siate of Californi&’

% persad, K., C. M. Walton, and S. Hussékectronic Vehicle Identification: Industry Standar Performance,
and Privacy Issued.exas Department of Transportation, Austin, 2007.

www.utexas.edu/research/ctr/pdf reports/0 5217 d®2.p

7 persad, K., C. M. Walton, and S. Husséilectronic Vehicle Identification: Industry Standat Performance,
and Privacy Issued.exas

Department of Transportation, Austin, 200Www.utexas.edu/research/ctr/pdf reports/0 5217 d®2.p

% Riley, Patrick. The tolls of privacy: An underestited roadblock for electronic toll collection usaGomputer
Law & Security Report 24 (2008) 521-528.

% Ozer, NicoleRights “Chipped” Away: RFID and Identification Doments Stanford Technology Law Review,
2008. Available at: stlr.stanford.edu/pdf/ozemtichipped-away.pdf.
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Concerns have also been raised about the constility of ETC automated law enforcement
systems. Some have argued that these systems iofruhdie on the “right of free association
(First Amendment), the right of equal protectiomfh Amendment)dic], the right to present a

defense (Sixth Amendment), and the right for dueess (Tenth Amendment®.

7.2 Conclusions

Lessons learned from the literature review and cstseies show that partially-automated
systems may not capture all violations but theyeharoven to be the most reliable for the level
of technology that is currently available. Sevexaiions for technologies and physical design of
the facility are available and can be selected raieg to the I-15 Managed Lanes specifications
and customer preference.

"0 UCD (2005):Virtual Commercial Vehicle Compliance Stations: évRRw of Legal and Institutional Issues.
Caroline Rodier, Susan Shaheen, and Ellen Cavahagihute ofTransportation Studies, University of California at
Davis.
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Appendix | Technology Provider Evaluation Form/Selection Criteria

SAN DIEGQO ASSOCIATION OF GOVERNMENTS (SANDAG)
CONSULTANT SHORT LIST EVALUATION FORM

Consultant:
Contract No.: Description:
(a) (b) (@) x (b)
Weight Score Weighted
Criteria (0-10)* Score
1. FIRM'S CAPABILITIES 20

» Nature, quality, and relevance of completed projects

Previous demonstrations of technology

Other ongoing project commitments and priorities

Quality and cost control measures in place

Evidence of overall corporate resources available

Financial stability and strength of the company

Experience, technical competence and role of key staff / subcontractors.

2. PRODUCT / SERVICE CAPABILITIES 3.0
+ Use of components proven in service on similar projects or related applications

Innovative approaches to design, integration and use of equipment

System design: logic, edvantages, proven approach

System Integration: logic, advantages, proven approach

System performance and reliability: proposed system performance and actual

documented performance

¢ System flexibility and upgradeability

» Test Plan: logic, applicability to data reporting requirements

» Potential for interoperability with existing or planned systems in the region

3. APPLICABILITY TO PROJECT OBJECTIVES 3.0
+ Applicability of product/services to Project objectives
* Potential benefits to SANDAG of propesed solution

4. COMMITMENT TO PROJECT 20
+ Evidence of corporate resources committed to the Project

Awvailability/experience of key members and senior staff for this Project

Demonstrated knowledge of work required

Logic, clarity and specificity of work plan

Evidence of willingness tc exceed the requirements of the RFP and the Scope

of Work

« Quality of plan and schedule for implementation, including planned
coordination

[ T T A )

Total

Comments (continue on reverse if necessary):

I certify that | have performed an independent evaluation of the above named consultant. | further certify that I have not
engaged in discussions within the last year with the above-named consultant regarding my future empioyment with said
consultant and that neither | nor anyone in my househaold has received income from any of the bidders/proposers during
the fast 12 months.

Signature of Evaluator: Date:

Printed Name of Evaluator:

Checked by: Date:

187 Rev 081408



SAN DIEGO ASSOCIATION OF GOVERNMENTS (SANDAG)
CONSULTANT INTERVIEW EVALUATION FORM

Consultant:
Contract No.: Description:
(&) (b) (8) X (b)
- Weight | Score | Weighted
Criteria (0-10)* Score
1. FIRM'S CAPABILITIES 1.0

Mature, quality, and relevance of completed projects

Previous demenstrations of technology

Other cngoing project commitments and priorities

Quality and cost control measures in place

Evidence of overall corporate resources available

Financial stability and strength of the company

Experience, technical competence and role of key staff / subcontractors.

2. PRODUCT /SERVICE CAPABILITIES 1.5
s Use of components proven in service on similar projects or related applications

Innovative approaches to design, integration and use of equipment

System design: logic, advantages, proven approach

System Integration: logic, advantages, proven approach

System performance and reliability. proposed system performance and actual documented performance

System flexibility and upgradeability

Test Plan: legic, applicability to data reporting requirements

Potential for interoperability with existing or planned systems in the region

3. APPLICABILITY TO PROJECT OBJECTIVES 1.5
s+ Applicability of product/services to Project cbjectives
s Potential benefits to SANDAG of proposed solution

4 COMMITMENT TO PROJECT 1.5
Evidence of corporate resources committed to the Project

Availability/experience of key members and senior staff for this Project

Demonstrated knowledge of work required

Logic, clarity and specificity of work plan

Evidence of willingness to exceed the requirements of the RFP and the Scope of Work
Quality of plan and schedule for implementation, including planned coordination

* e 9 e 0

5. INTERVIEW QUESTIONS 1.0
¢« Demonstrated knowledge of the work required
* Appropriate responses to questions

8. REFERENCES™ 0.5
+ Record of producing a quality product on similar projects on time and within budget
s Overall experience and technicel competence of the firm in performing work of a similar nature
¢ Key personnel reference quality

7. COST OR BEST VALUE 3.0
¢ Evidence of financial commitment to proof-of-concept
+ Ranking of comparative costs among proposed firms, providing the best value for services offered)

** All panel members must enter a zero (0) for all interviewed Consulitants if time did not aliow for reference checks

or if the reference checks were not completed on all the Consultants. Total

Comments (continue on reverse if necessary):

I certify that [ have performed an independent evaluation of the above pamed consuitant. | further certify that ! have not engaged in
discussions within the last year with the above-named consultant regarding my future employment with said consultant and that neither [
nor anyone in my household has received income from any of the bidders/propasers during the last 12 months.

Signature of Evaluator: Date:

Printed Name of Evaluator

Checked by: Date:

189 Rev 081408
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Appendix || Sample Size Calculation with Expected Performance L evel

In the case studies under consideration, it isralels to select a sample size or the number of
test samples needed to assess whether the selastadment can achieve the expected or
hypothesized level of performance in accuracy.

Assume that the accuracy performance of the inginins ); (0< ), <1) for the conditions that

there arel (wherei =1,2,3) occupants in the vehicle. For a given confidelesel (1) and
margin of errod , we will estimate the sample size needed for #peements.

Suppose we taka times experiments, and the results are denXted,,---, X , and the
random variableX, takes two values 1 or 0, with probabilify orl-), . So we have

EX =y, DX =) (@d-)), whereEX is the expected value of tdsand DX; is the variance of
test .

Let's denoteX = (Z X.)/ n, then X is the unbiased estimation fgr, and
i=1

EX=y, DX=y@1-y)/n.

The probability of the unbiased estimation is tegpressed as:
P(X-y=2dy=a (2)

Assuming that the standard deviationXfcan be approximated by a normal distribuforatio,
then equation (1) becomes:

X -y d d
= > )= RZz2——=)=¢a
Wi@-y)in -y @-y)in ¥ @y)in
SinceP(Z= Z,) =a, whereZ is the a quantile for normal distribution, then
d

P(X-y >d)=

—=7Z, 2)
VVi@=y)in
This implies that
2 —
n=Zahd=K) 3)

d2

Based on Equation (3), we can then calculate thepka sizes for various hypothesized
performance levels, confidence levels and margiaradrs. In the examples below, the sample
sizes are generated with for case studies witlfioll@ving parameters:

(a) Margin of errors atl =0.05, 0.03,0.02

(b) Confidence levels dt—a , wherex =0.2, 0.1, 0.05, 0.0, anda denotes significance level.
(c) Expected performance accuracy;a 0.99, y, =0.95, ), =0.9.
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Case Study I, =0.99 (99% accuracy)

TableAl y;=0.99

sample size onfidence
n level
1-a 0.80 0.90 0.95 0.99
margin of error
0.05 3 7 11 22
0.03 8 19 30 60
0.025 12 26 44 86
Case Study lly, =0.95 (95% accuracy)
TableA2 y, =0.95
sample size onfidence
n level
1-a 0.80 0.90 0.95 0.99
margin of errord
0.05 14 32 52 104
0.03 39 87 144 287
0.025 55 126 207 413
Case Study Iy, =0.9 (90% accuracy)
TableA3 ), =0.9
sample size onfidence
n level
1-a 0.80 0.90 0.95 0.99
margin of error
0.05 27 59 99 196
0.03 73 164 273 543
0.025 105 236 393 782

From the estimated samples for difference caseiestuat can be seen that for the same
confidence level and the same margin of errorywaetexpected performance level will require a

larger sample size and vice versa.

Validation of Hypothesized Performance

The analysis above provides a needed sample sizegiwen hypothesized level of performance.

After the experiments are conducted, the resutisbeaused to validate the hypothesis.



For example, a set of experiments is carried oobgerve if there is only one single occupant in
a vehicle. If the outcome of the experiment indisathat there is one occupant, we denote the
observation as 1 (true), and 0 (false) otherwisgmp8se that we have a random sample of

observations, and, is the times when the outcome is 1, apdor outcome 0, where obviously
n, =n-n. Then we would like to test the following hypotiseshere

HO:pl:yl’ p0:1_y1 Hl:p1¢y1’ po;tl—y_, (4)
By the theory of K. PearsBh, the appropriate statistics can be denoted as
_ 2 _ 2
D= (n_—np) + (n—np) 5)
np, ng,

Where D is Karl Pearson Statistics, So when hymishd, is true, we can expredd as
follows:

_ 2 _ _ 2

ny, n(l_ yl)
For a confidence levat , we can get the corresponding quangfl€l) from the x* distribution

table. By the observed result we can then deteriiibe x’(1), we can rejecH,, otherwise we
can accepii,.

Case Study I:

For example, we want to verify the performance eacy of 99% for the instrument under the
condition of one single occupant inside a vehitlge results of 100 experiments showed that 98
observations were true (with an outcome of 1) amd were false (outcome is 0). Based on

Equation (6) above, with a confidence leweF0.05, and x?,,=3.84, and the calculated
D =1.01, so we accepH,. If there were only 97 observations of true outepthenD =4.04.

SinceD =4.04> x? . = 3.84, we then rejecH,, which means that the hypothesized performance
of 99% accuracy is not valid.

Case Study I1:

We want to verify the performance accuracy of 9%f%the instrument under the condition of
two occupants inside a vehicle. If the results 00 Experiments showed that 91 observations
were true (with an outcome of 1) and 9 were fatagdome is 0). Based on Equation (6) above,
with a confidence levedr =0.05, and xZ,, =3.84, and the calculate® =3.36, so we accept

H, . But if there were only 90 observations of truetcome, thenD=5.26. Since

D =5.26> xZ,. = 3.8¢ we then rejecH,, which means that the hypothesized performance of
95% accuracy is not valid.

Case Study I11:
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We want to verify the performance accuracy of 9@the instrument under the condition of
two occupants inside a vehicle. If the results @0 Experiments showed that 85 observations
were true (with an outcome of 1) and 15 were f@ssgcome is 0). Based on Equation (6) above,
with a confidence levedr =0.05, and xZ,, =3.84, and the calculate® =2.77, so we accept
H, . But if there were only 84 observations of truetcome, thenD=4.01. Since

D =4.01> x},, = 3.84, we then rejecH,, which means that the hypothesized performance of
90% accuracy is not valid.
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Appendix 11 Controlled Testing Sequence
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1 Sedan |2+ + 1 dummy 1 adult, 1 dummy. ladult
2 |Minivan J4 2 adults. 2 children Driver. front passenger. 2" row driver side. 2 row middle 10
3 Truck |2 2 adults Driver and 1 passenger 10
4 SUV 3 2 adults. 1 teen Driver. 2* row driver side. teen on 2" row passenger side 10
5 Sedan 1 adult, 1 adult dusmmy Driver, adult dussey on passenger seat 10
6 Minivan |4 2 adults. 2 children Driver. front passenger, 2™ row driver side, 2™ row sicdie-passenger side 10
7 Truck |2 2 adults Driver and 1 passenger 10
8 SUv 3 2 adults. 1 teen Driver, 2 row driver side, teen on 2™ row passenger side 10
2 1 Sedan |2+ + 1 dummy L adult. 1 dummy. ladult _|Driver. dummy on passenger seat. adult 2* row passenger side 30
2 |Minivan |4 2 adults. 2 children Driver. front passenger, 2™ row driver side. 2™ row middle 30
3 Truck |2 2 adults Driver and 1 passenger 30
4 |suv__ |3 2 adults. 1 teen Driver. 2* row driver side. teen on 2* row passenger side 30
5 [Sedmn L adult, 1 adult dussmy  |Driver. adult dusnzy on passenger seat 30
6 Minivan |4 2 adults. 2 children Driver. tiont passenger, 2* row driver side, 2** row sddlepassenger side 30
7 Truck |2 2 adults Driver and 1 passenger 30
8 Suv 3 2 adults. 1 teen Driver, 2 row driver side, teen on 2 row passenger side 30
3 1 Sedan |2+ + 1 dummy 1 adult. 1 dummy. ladult |Driver. dummy on passenger seat. adult 2% row passenger side 45
2 [Minivan |4 2 adults. 2 children Driver. front passenger. 2™ row driver side. 2* row middle 45
3 Truck |2 2 adults Driver and 1 passenger 45
4 |suv 3 2 adults, 1 teen Driver. 2" row driver side. teen on 2™ row passenger side 45
5 Sedan |2 ++t-cummy 1 adult, 1 adult dusmy [Driver, adult dusasey on passenger seat 45
6 |Minivan |4 2 adults. 2 children Driver. front passenger. 2" row driver side. 2* row middlepassenger side 45
7 Truck |2 2 adults Driver and 1 passenger 45
8 SUV 3 2 adults. 1 teen Driver, 2*! row driver side, teen on 2™ row passenger side 45
4 1 Sedan |2+ + 1 dummy 1 adult. 1 dummy. ladult |Driver. dummy on passenger seat, adult 2% row passenger side 65
2 |Minivan |4 2 adults. 2 children Driver, front passenger, 2" row driver side, 2™ row middle 65
3 Truck |2 2 adults Driver and 1 passenger 65
4 |Suv 3 2 adults. 1 teen Driver. 2 row driver side. teen on 2™ row passenger side 65
5 Sedan |2 ++t-dummy 1 adult, 1 adult dummy [Driver, adult dumnzy on passenger seat 65
6 [Minivan [4 2 adults. 2 children Driver. front passenger. 2" row driver side. 2" row middie passenger side 65
7 Truck |2 2 adults Driver and 1 passenger 65
8 SUV 3 2 adults. 1 teen Driver. 2™ row driver side. teen on 2™ row passenger side 65
s 1 Sedan |24+ 1 dummy L adult, | dummy. ladult |Driver. dummy on passenger scat. adult 2™ row passenger side 80
2 |Minivan |4 2 adults. 2 children Driver, fiont passenger, 2™ row driver side, 2* row middle 80
3 Truck |2 2 adults Driver and 1 passenger 80
4 |SUV 3 2 adults. 1 teen Driver. 2* row driver side. teen on 2™ row passenger side 80
5 Sedan |2 +—1-cummy 1 adult. 1 adult dummy Driver. adult dusamry on passenger seat 80
6 Minivan |4 2 adults. 2 children Driver, front passenger. 2™ row driver side, 2° row middle passenger side 80
7 Truck |2 2 adults Driver and 1 passenger 80
1 Sedan 2 adults Driver, passenger on front row 10
2 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side, child on 31° row middle 10
3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 10
4 JSUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2" row passenger side 10
5 Sedan |2 2 adults Driver. passenger on front row 10
6 |Minivan |43 L adult. 2 children. 1 adult fDriver. child on 2™ row driver side. child on 31* row middle. adult on 3rd row driver| 10
7 Truck |1 ++-cummy 1 adult, +eummy Driver—dumny oft passengerseat 10
8 |SUV |4 3 adults. 1 teen Driver_passenger on front row_teen on 2™ row driver side 2™ row passenger side 10
7 1 Sedan |2 2 adults Driver, passenger on front row 30
2 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side. child on 31° row middle 30
3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 30
4 Jsuv |4 3 adults. 1 teen Driver. passenger on front row. teen on 2°* row driver side. 2* row passenger side 30
5 Sedan |2 2 adults Driver. passenger on front row 30
6 |Minivan [43 1 adult. 2 children. 1 adult fDriver. child on 2™ row driver side. child ou 31° row widdle. adul on 3rd row driver] 30
7 Truck |1 +-cummy 1 adult. +-cummy Driver—dummy-on-passengerseat 30
8 SUvV 4 3 adulfs. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2* row passenger side 30
8 1 Sedan |2 2 adulls Driver. passenger ou front row 45
2 |Minivan |3 1 adult, 2 children Driver_child on 2™ row driver side_child on 31° row middle 45
3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 45
4 JSUV |4 3 adults. 1 teen Driver. passenger on fiont row. teen on 2™ row driver side. 2" row passenger side 45
5 Sedan |2 2 adults Driver. passenger on front row 45
6 |Miuivan |4 3 1 adult. 2 children, 1 adull |Driver. child on 2* row driver side, chuld on 3r* row middle, adult on 3rd row driver| 45
7 Truck |1 +-cummy 1 adult. -cummy Driver—dummy-on-passengerseat 45
8 |SUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2* row passenger side 45
9 1 Sedan |2 2 adults Driver, passenger on front row 65
2 |Minivan |3 | adult. 2 children Driver. child on 2™ row driver side. child on 31° row middle 65
3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 65
4 JSUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2 row passenger side 65
5 Sedan |2 2 adults Driver, passenger on front row 65
6 |Minivan |43 1 adult. 2 children. 1 adult |Driver. child on 2™ row driver side, child on 3r* row middle, adult on 3rd row driver| 65
7 Trick |1 +—dammy 1 adnlt, ey Driver—dummy-en-passenserseat 65
8 SUV 4 3 adults. 1 teen Driver. passenger on front row, teen on 2™ row driver side. 2*' row passenger side 65
10 1 Sedan |2 2 adults Driver, passenger on front row 80
2 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side. child on 31° row middle 80
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75 3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 80
76 4 JSuv. |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2*' row passenger side 80
77 5 Sedan |2 2 adults Driver. passenger on front row 80
78 6 |Minivan [13 1 adult. 2 children. 1 adult [Driver. child on 2™ row driver side. child on 3:* row middle. adult on 3rd row driver| 80
79 7 lruck |1 +-cummy 1 adult, +-aummy Driver—dummy en-passengerseat 80
80 8 |SUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2! row passenger side 80
81 11 1 |sedan |3 2 adults, 1 cluld Driver. child on 2™ row driver side. adult on 2** row passenger side 10
32 2 |Minivan |2 1 adult. 1 child Driver. child on 31° row middle 10
83 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 10
84 4 SUV 2+ 1 dummy 2 adults. 1 dummy Driver. passenger on front row. dummy on 2™ row middle 10
85 5 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2 row passenger side 10
36 6 |Minivan |32 1 adulr, 1 child. ladult Driver. child on 3* row middle. adult on 3" row passenger side 10
87 7 |Truck |3 2 adults. 1 teen Driver and passeasess adult on front row. teen on 2™ row middle 10
88 8 [suv |2 ~tcummy 2 adults, 1-dumny Driver. passenger ou frout row.dusssy-on2™ rowniddle 10
89 12 1 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 30
90 2 |Minivan |2 1 adult, 1 child Driver. child on 31° row middle 30
91 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 30
92 4 SUV 2+ | dummy 2 adults, 1 dummy Driver. passenger on front row. dummy on 2" row middle 30
93 5 |sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 30
94 6 [Minivan |32 1 adult, 1 child, ladult Driver. child on 3% row middle. adult on 3 row passenger side 30
95 7 |Truck |3 2 adults. 1 teen Driver and passenzers adult on front row, teen on 2™ row middle 30
96 8 SUV 2 —-dunmmy 2 adults, +-cummy Driver. passenger on front row.-dumsy-on 2™ rowniddle 30
97 13 1 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2° row passenger side 45
98 2 Minivan |2 1 adult, 1 child Driver. child on 31° row middle 45
99 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 45
100 4 Jsuv |2+ 1 dummy 2 adults. 1 dummy Driver. passenger on fiont fow. dummy on 2" row middle 45
101 5 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2° row passenger side 45
102 6 |Minivan |32 1 adult, 1 child. ladult Driver. child cn 3™ row middle. adult on 3% row passenger side 45
103 7 |Truck I3 2 adults. 1 teen Driver and passengers adult on front row, teen on 2™ row middle 45
104 8 |suv 2 +-chammy 2 adults, +-eummy [Driver, passenger on front row —dummy-en 2™ rewmiddle 45
105 14 1 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 65
106 2 |Minivan |2 1 adult, 1 child Driver. child on 31 row middle 65
107 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 65
108 4 |suv_ |2+ 1 dummy 2 adults. 1 dummy Driver. passenger on front row, dummy on 2** row middle 65
109 5 |Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 65
110 G |Minivan |32 1 adult, 1 child. ladult Driver. child on 3* row middle. adult on 3’ row passenger side 05
111 7 |Tuck |3 2 adults. 1 teen Driver and passensers adult on front row. teen on 2™ row middle 65
112 g [suv |2 +tcummy 2 adults. +-dumny Driver. passenger on front row.dumsy-on 2" rowmiddie 65
113 15 1 Sedan |3 2 adults. 1 child Driver. child cn 2™ row driver side. adult on 2* row passenger side 80
114 2 |Minivan |2 1 adult. 1 child Driver. child on 31¢ row middle 80
115 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 80
116 4 |SUV__ |2+ 1 dummy 2 adults, 1 dummy Driver. passenger on front row. dummy on 2" row middle 80
117 5 Sedan |3 2 adults, 1 child Driver. child on 2™ row driver side. adult on 2 row passenger side 80
118 6 |Minivan |3 2 1 adult. 1 child. ladult Driver. child on 3™ row middle. adult on 3™ row passenger side 80
119 7 Tk |3 2 adults. 1 reen Driver and passeagass adult on front row. teen on 2 row middle 80
120 8 |SUV |2 ki 2 adulls, Hehuy Driver, passenger on front row,dusmmy-on2" rew-middie 80
121 16 1 Sedan |4 3 adults, 1 child Driver. 1 passencer on front 1ow. child on 2™ row passenger side. 1 passenger on 2nd| 10
122 2 [|Minivan [2+ | dummy L adult, 1 child, 1 dummy [Driver. clild on 2™ row driver side. dumy on 3t° row passenger side 10
123 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 10
124 4 SuUv 1 1 adult Driver 10
125 5 |Sedan |4 3 adults, 1 child Driver. 1 passenger on fiont tow, child on 2™ row passenger side. 1 passenger on 2nd[ 10
126 6 Minivan |2 + +dummy 1 adult. 1 child. +-dummy [Driver. child on 2™ row driver side -dumsv-en 25 row passenser side 10
127 7 |Truck |3 2 adults. 1 teen Driver and passengats adult on front row, teen on 2™ row middle 10
128 8 SUV 1 1 adult Driver 10
129 17 1 Sedan |1 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 30
130 2 |Minivan |2 + | dummy | adult. | child. | dummy |Driver. child on 2** row driver side. dummy on 3r” row p side 30
131 3 Truck |3 2 adults. | teen Driver and passengers on front row 30
132 4 suvV 1 1 adult Driver 30
133 5 |Sedan |4 3 adults. 1 child Driver. 1 passenger on fiont row. child on 2™ row passenger side. 1 passenger on 2nd| 30
134 6 Minivan |2 + 1 dummy 1 adult, 1 child, +dussy |Driver. child on 2™ row driver side. e on 3t row passenger side 30
135 7 |iruck I3 2 adults. 1 teen Driver and passengars adult on front row. teen on 2™ row middle 30
136 8 SuUv 1 1 adult [Driver 30
137 18 1 Sedan |4 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 45
138 2 [Minivan 2+ 1 dummy 1 adult. 1 child. 1 dummy [nriver. child on 2* row driver side. dummy on 3t* row side 45
139 3 Truck |3 2 adults, 1 tcen Driver and passcngers on front row 45
140 4 SUV 1 1 adult Driver 45
141 5 |Sedan |4 3 adults, 1 child Driver. 1 passenger on front row, child on 2™ row passcnger side. 1 passenger on 2nd| 45
142 6 |Minivan |2 + -dummy 1 adult, 1 child. +dummy |Driver. child on 2™ row driver side dumimvon 2" row passenger side 45
143 7 |Truck |3 2 adults. 1 teen Driver and passengers adult on front row. teen on 2™ row middle 45
144 8 SUV 1 1 adult Driver 45
145 19 1 Sedan |4 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row. passenger side. 1 passenger on 2nd| 65
146 2 |Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy [Driver. child on 2™ row driver side. dummy on 3r® row passenger side 65
147 3 Truck |3 2 adults, | teen Driver and passengers on front row 65
148 4 SUV 1 1 adult Driver 65
149 5 |Sedan |4 3 adults. 1 child Driver. 1 passenger on front row, child on 2™ row passenger side. 1 passenger on 2nd| 65
150 6 |Minivan |2 + +-dussy L adult. 1 child. +-dumay [Driver, child on 2" row driver side duminy-on i row passenger side 65
151 7 |Truck |3 2 adults. 1 teen Driver and passesgers adult on front row, teen on 2™ row middle 65
152 8 SUV 1 1 adult Driver 65
153 20 1 Sedan |4 3 adulfs. 1 child Driver. 1 passenger on front row, child on 2™ row passenger side. 1 passenger on 2nd| 80
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154 2 [Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver. child on 2™ row driver side. dummy on 31° row passenger side 80
155 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 80
156 4 SUV 1 1 adult Driver 80
157 5 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 80
158 6 |Minivan |2 + 1-dummy 1 adult, 1 child. +-dummy |Driver. child on 2™ row driver side dumy-on3t*+ow-passenser side 80
159 7 |Truck |3 2 adults. 1 teen Driver and passengers adult on front row. teen on 2** row middle 80
160 8 SUV 1 1 adult Driver 80
161 7/31/10 1 1 Sedan |1 + 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 10
162 | Saturday 2 |Minivan |4 2 adults. 2 children Driver, front passenger, 2™ row driver side, 2°* row middle 10
163 Morning 3 Truck |2 2 adults Driver and 1 passenger 10
164 4 |SUV 3 2 adults, 1 teen Driver. 2* row driver side. teen on 2™ row passenger side 10
165 5 Sedan |2 +-+i-dummy 2 + adult, +-dummy- Driver. dummy adult on passenger seat 10
166 6 |Minivan |4 2 adults. 2 children Driver. front passenger. 2™ row driver side. 2** row middle 10
167 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 10
168 8 |SUV._ |3 2 adults, 1 teen Driver, 2* row driver side. teen on 2™ row passenger side 10
169 2 1 Sedan |1 + 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 30
170 2 |Minivan |4 2 adults, 2 children Driver, front passenger, 2™ row driver side, 2** row middle 30
171 3 Truck |2 2 adults Driver and 1 passenger 30
172 4 |SUV |3 2 adults, 1 teen Driver. 2° row driver side. teen on 2™ row passenger side 30
173 5 Sedan |2 +-+i-dummy 2 + adult, +-dummy Driver. dummy adult on passenger seat 30
174 6 |Minivan |4 2 adults. 2 children Driver. front passenger. 2" row driver side. 2* row middle 30
175 7 Truck |32 2 adults Driver and 1 passenger. adult at rear driver side 30
176 8 |SUV._ |3 2 adults. 1 teen Driver. 2* row driver side. teen on 2™ row passenger side 30
177 3 1 Sedan |1 + 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 45
178 2 |Minivan |4 2 adults. 2 children Driver, front passenger, 2™ row driver side, 2** row middle 45
179 3 Truck |2 2 adults Driver and 1 passenger 45
180 4 |suv 3 2 adults, 1 teen Driver, 2" row driver side, teen on 2™ row passenger side 45
181 5 Sedan |2 +-+i-dummy 2 + adult, +-dummy- Driver, dumnry adult on passenger seat 45
182 6 |Minivan |4 2 adults. 2 children Driver. front passenger. 2 row driver side. 2* row middle 45
183 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 45
184 8 SUV 3 2 adults, 1 teen Driver. 2° row driver side. teen on 2™ row passenger side 45
185 4 1 Sedan |1 + 1 dummy 1 adult. 1 dummy Driver, dummy on passenger seat 65
186 2 |Minivan |4 2 adults. 2 children Driver. front passenger, 2™ row driver side. 2™ row middle 65
187 3 Truck |2 2 adults Driver and 1 passenger 65
188 4 |suv 3 2 adults, 1 teen Driver, 2" row driver side, teen on 2™ row passenger side 65
189 5 Sedan |2 2 + adult, +-dummy- Driver. dusmmy adult on passenger seat 65
190 6 Minivan |4 2 adults. 2 children Driver. front passenger. 2™ row driver side. 2 row middle 65
191 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 65
192 8 SUV 3 2 adults, 1 teen Driver. 2° row driver side. teen on 2™ row passenger side 65
193 5 1 Sedan |1 + 1 dummy 1 adult, 1 dummy Driver. dummy on passenger seat 80
194 2 [Minivan J4 2 adults. 2 children Driver. front passenger. 2 row driver side. 2* row middle 80
195 3 Truck |2 2 adults Driver and 1 passenger 80
196 4 Isuv 3 2 adults. 1 teen Driver. 2* row driver teen on 2™ row passenger side 80

198 6 |Minivan |4 2 adults. 2 children Driver, front passenger, 2™ row driver side, 2** row middle 80
199 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 80
200 8 SUV 3 2 adults, 1 teen Driver. 2" row driver side. teen on 2™ row passenger side 80
201 6 1 Sedan |2 2 adults Driver, passenger on front row 10
202 2 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 31* row middle 10
203 3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 10
204 4 Jsuv. |4 3 adults, 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2** row passenger side 10
205 5 Sedan |2 2 adults Driver. passenger on front row 10
206 6 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 3r* row middle 10
207 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 10
208 8 SUV 4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2 row passenger side 10
209 7 1 Sedan |2 2 adults Driver. passenger on front row 30
210 2 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side. child on 3r’ row middle 30
211 3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver, dummy on passenger seat 30
212 4 Jsuv. |4 3 adults, 1 teen Driver. passenger on front row. teen on 2° row driver side. 2*' row passenger side 30
213 5 Sedan |2 2 adults [Driver. passenger on front row 30
214 6 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 31* row middle 30
215 7 Truck |32 3 2 adults Driver and 1 passenger. adult at rear driver side 30
216 8 |SUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2! row passenger side 30
8 1 Sedan |2 2 adults Driver. passenger on front row 45

2 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 3r° row middle 45

3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 45

4 |suv._ |4 3 adults. 1 teen Driver, passenger on front row, teen on 2™ row driver side, 2! row passenger side 45

5 Sedan |2 2 adults Driver, passenger on front row 45

6 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 31* row middle 45

7 Truck |32 2 adults Driver and 1 passenger. adult at rear driver side 45

8§ |SUV 4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2** row passenger side 45

9a 1 Sedan |2 2 adults Driver. passenger on front row 65

2 |Minivan |3 1 adult. 2 children Driver. child on 2™ row driver side. child on 31* row middle 65

3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 65

4 |suv_ |4 3 adults. 1 teen Driver, passenger on front row, teen on 2™ row driver side, 2™ row passenger side 65

229 5 Sedan |2 2 adults Driver. passenger on front row 65
230 6 |Minivan |3 1 adult, 2 children Driver, child on 2™ row driver side. child on 3r row middle 65
231 7 Truck |32 3 2 adults Driver and 1 passenger, adult at rear driver side 65
232 8 SUV 4 3 adults, 1 teen Driver. =d 65

passenger on front row. teen on 2™ row driver side. 2* row passenger side
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10 Sedan |2 2 adults Driver. passenger on front row 80

2 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side. child on 31! row middle 80

3 Truck |1+ 1 dummy | adult. | dummy Driver, dummy on passenger seat 80

4 JSUV |4 3 adults. 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2° row passenger side 80

5 Sedan |2 2 adults Driver, passenger on front row 80

6 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side. child on 31° row middle 80

7 Truck |32 3 2 adults Driver and 1 passenger, adult at rear driver side 80

8 SUV 4 3 adults, 1 teen Driver, een on 2" row driver side. 2" row passenger side 80

9¢ 1 Sedan |2 2 adults Driver. 65

2 [Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side, child on 3r° row middle 65

3 Truck |1+ 1 dummy 1 adult. 1 dummy Driver. dummy on passenger seat 65

4 JSUV |4 3 adults, 1 teen Driver. passenger on front row. teen on 2™ row driver side. 2° row passenger side 65

5 Sedan |2 2 adults Driver, passenger on front row 65

6 |Minivan |3 1 adult, 2 children Driver. child on 2™ row driver side, child on 31! row middle 65

7 Truck |32 3 2 adulls Driver aud 1 passenger, adull at read driver side 65

8 |SUV |4 3 adults, 1 teen Driver. passenger on fronf row. feen on 2™ row driver side 2™ row passenger side 65

11 1 Scdan |3 2 adults, 1 child Driver, child on 2™ row driver side, adult on 2 row passenger side 10

2 |Minivan |2 1 adult, 1 child Driver. child on 31 row middle 10

3 Truck 3 2 adults, 1 teen Driver and passengers on front row 10

4 SUV 2+ 1 dummy 2 adults, 1 dummy Driver, 1 on front row. dummy on 2" row middle 10

5 Sedan |3 2 adults, 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 10

254 6 Minivan |2 1 adult, 1 child Driver. child on 31 row middle 10
255 7 Truck |3 2 adults, 1 teen Driver and passengers on front row 10
256 8 SUV 1 1 adult Driver 10
257 12 1 [sedan [3 2 adults, 1 child Driver. child on 2™ row driver side. adult on 2 row passenger side 30
258 2 |Minivan |2 1 adult, 1 child Driver. child on 31 row middle 30
259 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 30
260 4 SUV 2 + | dummy 2 adults, 1 dummy Driver. passenger on front row. dummy on 2™ row middle 30
261 5 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 30
262 6 |Minivan |2 1 adult, 1 child Driver. child on 3r* row middle 30
263 7 Tck |3 2 adults, 1 teen [Driver and passengers on front row 30
264 8 SUV 1 1 adult Driver 30
265 13 1 |Sedan |3 2 adults, 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 45

3 1ruck adults, 1 teen [Driver and passengers on front row
4 |SUV_ |2+ 1 dummy 2 adults. 1 dummy Driver, passenger on front row, dummy on 2™ row middle 45
5 [Sedan |3 2 adults, 1 clild Driver. child on 2™ row driver side. adult on 2™ row passenger side 45
6 [Minivan |2 1 adult, 1 child Driver. child on 3r* row middle 45
7 Truck |3 2 adults, 1 tcen [Driver and passengers on front row 45
8 SUV 1 1 adult Driver 45
14 1 Sedan |3 2 adults, 1 child Driver, child on 2™ row driver side, adult on 2™ row passenger side 65
2 |Minivan |2 1 adult. 1 child Driver, child on 31 row middle 65
3 Truck |3 2 adults, 1 teen Driver and passengers on front row 65
4 |SUV |2 | | dummy 2 adults, 1 dummy Driver. passenger on front row, dummy on 2" row middle 65
5 [Sedan |3 2 adults, 1 child Driver. child on 2™ row driver side. adult on 2™ row passenger side 65

2 7 Truck 2 adults, | teen Driver and passengers on front row

280 8 SUV 1 1 adult Driver 65
281 15 1 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2** row passenger side 80
282 2 Minivan |2 1 adult. 1 child Driver. child on 31° row middle 80
283 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 80
284 4 Jsuv 2 + 1 dummy 2 adults, 1 dummy Driver. passenger on fiont row., dummy on 2™ row middle 80
285 5 Sedan |3 2 adults. 1 child Driver. child on 2™ row driver side. adult on 2 row passenger side 80
286 6 Minivan |2 L adult, 1 child Driver. child on 3r° row middle 80
287 7 Truck |3 2 adults, 1 teen Driver and passengers on front row 80
288 8 suv 1 1 adult Driver 80
289 16 1 Sedan |4 3 adults. 1 child Driver. | passenger on front row. child on 2 row passenger side. | passenger on2nd| 10
290 2 |Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver. child on 2% row driver side. dummy on 31° row passenger side 10
291 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 10
292 4 SUV 1 1 adult Driver 10
293 5 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row, child ou 2™ row passenger side, 1 passenger ou 2ud] 10
294 6 |Minivan |2 +—dummy 1 adult, 1 child+dumsy |Driver. child on 2™ row driver side, durntry on3t* row passenger side 10
205 7 Truck |3 2 adults, 1 teen Driver and passengers on front row 10
296 8 SUV 1 1 adult Driver 10
297 17 1 Sedan |4 3 adults, 1 child Driver. | passenger on front row. child on 2 row passenger side. 1 passenger on 2nd| 30
298 2 |Minivan |2 | 1 dummy 1 adult. 1 child, 1 dummy |Driver. child on 2™ row driver side. dummy on 31° row passenger side 30
299 3 Truck |3 2 adults, 1 teen Driver and passengers on front row 30
300 1 SUV 1 1 adult Driver 30
301 5 |Sedan f4 3 adults, 1 child Driver. | passenger on front row. child on 2" row passenger side, | passenger on 2nd] 30
302 6 Minivan |2 +dummy 1 adult. 1 child +-dummy [Driver. child on 2™ row driver side, dussiy-on 35’ row-passenser side 30
303 7 Truck |3 2 adults, 1 teen Driver and passengers on front row _ 30
304 8 SUV 1 1 adult Driver 30
305 18a 1 Sedan |4 3 adults, 1 child Driver. | passenger on front row. child on 2 row passenger side. | passenger on 2nd] 45
306 2 |Minivan |2 + 1 dummy 1 adult. 1 child, 1 dummy |Driver. child on 2™ row driver side. dummy on 31° row passenger side 45
307 3 Tmck |3 2 adults, 1 teen (Driver and passengers on front row 45
308 4 suv 1 1 adult Driver 45
309 5 |Sedan |4 3 adults, 1 child Driver. 1 passenger an front row. child on 2™ row passenger side. 1 passenger on 2nd| 45
310 6 Minivan |2 + 1 dummy 1 adult. 1 child. I dummy |Driver. child on 2™ row driver side. e 45
311 7 Truck |3 2 adults, 1 teen Driver and passengers on front row 45
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SUV 1 1 adult Driver
19a Sedan 4 3 adults. 1 child Driver. 1 passenger on front row, child on 2* row passenger side, 1 passenger on 2nd|
2 [Minivan 2 1 adult. 1 child, 1 dummy |Driver. child on 2" row driver side. dummy on 31" row passenger side
3 Tmuck |3 2 adults. 1 teen Driver and passengers on front row
4 SUV 1 1 adult Driver
5 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row, child on 2" row passenger side. 1 passenger on 2nd|
6 [Minivan 1 adult. 1 child—+<dummy |Driver. child on 2™ row driver side, dummy-enst row passengerside
7 Truck |3 2 adults, 1 teen Driver and passengers on front row
8 SUV 1 1 adult Driver
20a Sedan 4 3 adults, 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
2 Minivan |2 1 adult, 1 child, 1 dummy |Driver. child on 2™ row driver side. dummy on 31’ row passenger side
3 Tuck |3 2 adults, 1 teen Driver and passengers on front row
4 SUV 1 adult Driver
5 Sedan 3 adults, 1 child Driver, 1 passenger on front row, child on 2% row passenger side, 1 passenger on 2nd]
6 |Minivan 1 adult. 1 child—+aummy |Driver. child on 2™ row driver side, dummy-en3t row passengerside
7 Tmck |3 2 adnlts, 1 feen [Driver and passengers on front row
8 SUV 1 1 adult Driver
20b Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2° row passenger side. 1 passenger on 2nd|
2 [Minivan |2 1 adult. 1 child, 1 dummy |Driver, child on 2™ row driver side, dummy on 3 row passenger side
3 Truck |3 2 adults, 1 teen Driver and passengers on front row
4 SUV 1 1 adult Driver
5 |Sedan |4 3 adults. 1 child Driver. | passenger on fiont row, child on 2* row passenger side, 1 passenger on 2nd|
6 [Minivan |2 1 adult. 1 child—+-cumsny |Driver. child on 2™ row driver side. dummy-en 3 rowpassenserside
7 Tuck |3 2 adults, 1 tcen Driver and passengers on front row
8 SUV 1 1 adult Driver
20c Sedan f4 3 adults, 1 child Driver. 1 passenger on front row. child on 2% row passenger side, 1 passenger on 2nd|
2 [Minivan 2 1 adult. 1 child, 1 dummy |Driver, child on 2* row driver side, dummy on 31 row passenger side
3 Tmuck |3 2 adults. 1 teen Driver and passengers on front row
4 SUV 1 adult Driver
5 Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
6 [Minivan 1 adult. 1 child-<dummy IDriver. child on 2™ row driver side, dummy o3 row passengerside
7 Truck 2 adults, 1 teen Driver and passengers on front row —
8 SUV 1 adnlt [Driver
20d 1 Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
2 [Minivan 1 adult. 1 child, 1 dummy |Driver. child on 2™ row driver side. dummy on 3r° row passenger side
3 Truck 2 adults, 1 tcen Driver and passengers on front row
4 SUV 1 adult Driver
5 Sedan 3 adults. 1 child Driver, 1 passenger on front row, child on 2% row passenger side, 1 passenger on 2nd]
6 [Minivan 1 adult. 1 child—+dummy IDriver. child on 2* row driver side. dummy-en 3 row passengerside
7 Truck 2 adults, 1 teen Driver and passengers on front row
8 SUV 1 adult Driver
20e Sedan 3 adults. 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
2 [Minivan 1 adult. 1 child, 1 dummy |Driver, child on 2™ row driver side, dummy on 31 row passenger side
3 Truck 2 adults, 1 teen Driver and passengers on front row
4 SUV 1 adult Driver
5 |Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2* row passenger side. 1 passenger on 2nd|
6 [Minivan 1 adult. 1 child 4wy |Driver. child on 2™ row driver side. dummy-en 35 rowpassenserside
7 Truck 2 adults, 1 teen Driver and passengers on front row .
8 SUV 1 adult Driver
20f Sedan 3 adults. 1 child Driver. | passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd|
2 [Minivan 1 adult. 1 clild, 1 duy JDriver, child on 2* row driver side, dummy on 31 row passenger side
3 Truck 2 adults, 1 teen Driver and passengers on front row
4 SUV 1 adult Driver
5 |Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
6 [Minivan 1 adult, 1 child—+-dumamy |Driver. child on 2™ row driver side. dummy on 31° row passenger side
7 Truck 2 adults, 1 teen Driver and passengers on front row
8 SUV 1 adult Driver
20g Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd|
2 |Minivan 1 adult. 1 child, 1 dummy |Driver. child on 2™ row driver side. dummy on 31° row passenger side
3 Truck 2 adults, 1 teen Driver and passengers on front row
4 SUV 1 adult Driver
373 5 Sedan 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd|
374 6 |Minivan 1 adult. 1 child—+dummy [Driver. child on 2* row driver side. dusmmy-en3¢"row passenser side
5 7 Truck |3 2 adults, 1 teen Driver and passengers on front row —
376 8 SUV 1 adult Driver
377 20h Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd|
378 2 [Minivan 1 adnlt. 1 child, 1 dummy |Driver, child on 2™ row driver side, dummy on 31’ row passenger side
379 3 Tiuck |3 2 adulls, 1 leen Driver and passengers on front row
380 4 SUV 1 1 adult Driver
381 5 Scdan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2% 0w passenger side. 1 passenger on 2ud}
82 6 Minivan |2 —-dumny 1 adult. 1 child—+aummy |priver. child on 2™ row driver side. dusmmy-en 3" row passenser side
383 7 Tmuck |3 2 adults. 1 teen Driver and passengers on front row
384 8 SUV 1 adult Driver
385 | 07/3110 1 Sedan 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd|
386 | Saturday 2 |Minivan |2 1 adult. 1 child. 1 dummy |priver. dummy on 2" row passenger side, child on 31" row passenger
387 | Afternoon 3 Truck |2 2 adults Driver. passenger on front row
388 4 SUV 2 1 adult, 1 teen Driver, passenger on front row
389 5 |Sedan 3 aduls, 1 child Driver. | passenger on front row. child on 2* row passenger side. 1 passenger on 2nd
390 6 Minivan |2 +1-cummy 1 adult, 1 child, 1wy |Driver, dummy-on 2™ row passenserside, child on 3r° row passenger




391 7 Truck |2 2 adults [Driver. passenger on front row 40
392 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 40
393 2 1 |Sedan 4 3 adults. 1 child Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on 2nd| 50
394 2 |Minivan |2 + 1 dummy 1 adult, 1 child, 1 dummy [Driver. dummy on 2™ row passenger side. child on 3r® row passenger 50
395 3 Truck |2 2 adults [Driver. passenger on front row 50
396 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 50
397 5 |Sedan |4 3 adults. 1 child [Driver. 1 passenger on front ro ild on 2™ row passenger side. 1 passenger on2nd| 50
398 6 |Minivan |2 —-dummny 1 adult, 1 child. +-dummy [Driver. dummy-on2™ row-passenser-side. child on 31° row passenger 50
399 7 Truck |2 2 adults [Driver. passenger on front row 50
400 8 SUV 2 1 adult. 1 teen [Driver, passenger on front row 50
401 3 1 |Sedan |4 3 adults, 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 60
402 2 Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver. dummy on 2™ row passenger side, child on 31* row passenger 60
403 3 Truck |2 2 adults [Driver. passenger on front row 60
404 4 SUV 2 1 adult. 1 teen [Driver, passenger on front row 60
405 5 |Sedan f4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 60
406 6 |Minivan |2 —-dummy 1 adult, 1 child, -y [Driver. dummy-en2™ row passenserside. child on 3r° row passenger 60
407 7 Truck |2 2 adults [Driver, passenger on front row 60
408 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 60
409 4 1 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 70
410 2 |Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver. dummy on 2™ row passenger side, child on 31° row passenger 70
411 3 Truck |2 2 adults [Driver, passenger on front row 70
412 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 70
413 5 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 70
414 6 |Minivan Ladult. 1 child. +-dummy [Driver. dusmy-on 2" row passengerside. child on 31° row passenger 70
415 7 Truck |2 2 adults [Driver, passenger on front row 70
416 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 70
417 5 1 Sedan |4 3 adults, 1 child Driver. 1 passenger on front row, child on 2™ row passenger side, 1 passenger on 2nd| 40
418 2 [Minivan 2 + 1 dummy 1 adult. 1 child, 1 dummy fDriver. dummy on 2™ row passenger side, child on 3r* row passenger 40
419 3 Truck |2 2 adults [Driver, passenger on front row 40
420 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 40
421 5 Sedan |4 3 adults, 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 40
422 6 Minivan |2 +-dummy 1 adult. 1 child, 1-¢ v |Driver, ¢ 284 pe y te. child on 31° row passenger 40
423 7 Truck |2 2 adults [Driver. passenger on front row 40
424 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 40
425 6 1 |Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 50
426 2 |Minivan |2 + 1 dummy 1 adult, 1 child, 1 dummy  fDriver. dummy on 2™ row passenger side, child on 3r° row passenger 50
427 3 Truck |2 2 adults [Driver. passenger on front row 50
428 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 50
429 5 |Sedan |4 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 50
430 6 Minivan |2 +-dummy 1 adult, 1 child, +- v |Driver. < - o2t . ide. child on 31° row passenger 50

3 7 Truck |2 2 adults [Driver. passenger on front row 50
43 8 SUV 2 1 adult. 1 teen [Driver, passenger on front row 50

33 7 1 |Sedan |4 3 adults, 1 child Driver. 1 p on front row. child on 2™ row passenger side. 1 p ron2nd| 60
434 2 |Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver, dummy on 2™ row passenger side. child on 31° row passenger 60
435 3 Truck |2 2 adults [Driver. passenger on front row 60
436 4 SUV 2 1 adult. 1 teen [Driver, passenger on front row 60
437 5 |Sedan |4 3 adults, 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on2nd| 60
438 6 |Minivan |2 +1-cummy 1 adult, 1 child. +-dummy |Driver. dummy-on 2™ row-passenserside, child on 31° row passenger 60
439 7 Truck |2 2 adults [Driver, passenger on front row 60
440 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 60
441 8 1 |Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 70
442 2 |Minivan |2 + 1 dummy 1 adult. 1 child. 1 dummy |Driver. dummy on 2" row passenger side. child on 3 row passenger 70
443 3 Truck |2 2 adults [Driver, passenger on front row 70
444 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 70
445 5 Sedan |4 3 adults, 1 child [Driver. | passenger on front row. child on 2" row passenger side. 1 passenger on2nd| 70
446 6 (Minivan |2 +~+-cummy 1 adult. 1 child. +-dumsmy  |Driver. m"‘w_ child on 31° row passenger 70
447 7 Truck |2 2 adults [Driver. passenger on front row 70
448 8 1 adult. 1 teen [Driver. passenger on front row 70
449 9 1 + 1 dummy 1 adult, 1 child. I dummy |Driver, dummy on 2™ row passenger side, child on 31 row passenger 30
450 2 3 adults, 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 30
451 3 2 adults [Driver, passenger on front row 30
452 4 2 1 adult. 1 teen [Driver. passenger on front row 30
453 5 Minivan |2 —-dusmny 1 adult. 1 child. +dummy |Driver. éhiﬁﬂiﬁ—ﬁﬂ—}“‘l—%ﬁﬁ\-v@ﬁ&ﬂ—ﬂ&e child on 3r° row passenger 30
454 6 |Sedan |4 3 adults, 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 30
455 7 Truck |2 2 adults [Driver. passenger on front row 30
456 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 30
457 10 1 |Minivan |2 + 1 dummy 1 adult, 1 child. I dummy [Driver. dummy on 2™ row side. child on 31° row passenger 40
458 2 |Sedan |4 3 adults, 1 child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2nd| 40
459 3 Truck |2 2 adults [Driver, passenger on front row 40
460 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 40
461 5 |Minivan |2 +-duminy L adult, 1 child, +-dumsmy [Driver. dmmyon2" row passenser side. child on 31 row passenger 40
462 6 |Sedan |4 3 adults. 1 child Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2nd| 40
463 7 Truck |2 2 adults [Driver. passenger on front row 40
464 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 40
465 11 1 Minivan |2 + 1 dummy 1 adult, 1 child. 1 dummy |[Driver. dummy on 2™ row passenger side, child on 31° row passenger 50
466 2 |Sedan J4 3 adults, 1 child [Driver. 1 passenger on front row. child on 2" row passenger side. 1 passenger on2nd| 50
467 3 Truck |2 2 adults [Driver. passenger on front row 50
468 4 SUV 2 1 adult. 1 teen [Driver. passenger on front row 50
469 5 |Minivan |2 +1-dummy 1 adult, 1 child. -dummy |Driver. dummy-on2™ row-passenserside. child on 3r' row passenger 50
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470 6 |Sedan f4 3 aduls, | child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2n 50
471 7 Truck |2 2 adults [Driver, passenger on front row 50
472 8 SUV 2 1 adult. 1 teen [Driver. passenger on front row 50
473 12 1 Minivan |2 — 1 dummy 1 adult. 1 child. 1 dummy JDriver. dummy on 2™ row passenger side, child on 3r row passenger 60
474 2 |Sedan |4 3 adults. 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2n 60
475 3 Truck |2 2 adults [Driver. passenger on front row 60
476 4 Ny 2 1 adult. 1 teen [Driver. passenger on front row 60
477 5 Minivan |2 —eummmy 1 adult, 1 child, +emmy  |Driver, m_ﬁh_}“ﬂ_w._ﬂ child on 31° row passenger 60
478 6 Sedan |4 3 adults. 1 child [Driver. 1 passenger on front row. child on 2™ row passenger side, 1 passenger on 2n 60
479 7 Truck |2 2 adults [Driver, passenger on front row 60
480 8 SUV 2 1 adult, 1 teen [Driver. passenger on front row 60
481 13 1 Minivan |2 - 1 dummy 1 adult, 1 child, 1 dummy [Driver, dummy on 2™ row passenger side, child on 3r row passenger 70
482 2 |Sedan |4 3 adults. | child Driver. 1 passenger on front row. child on 2™ row passenger side. 1 passenger on 2n 70
483 3 Tmck |2 2 adnlts [Driver. passenger on front row 70
484 4 SUV 2 1adull. 1 teen [Driver. passenger on front row 70
485 5 Minivan |2 —-chimmy 1 adult, 1 child, +desmy [Driver. dummy-on2" row passencer-side. child on 3r° row passenger 70
436 5 Sedan 4 3 adults, 1 child [Driver. 1 passenger ou front row, child ou 2™ row passenger side, 1 passenger ou 2ud| 70
487 7 Truck |2 2 adults [Driver. passenger on front row 70
488 8 Ny 2 1 adult. 1 teen [Driver. passenger on front row 70
489 07/31/10 1 1 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 40
490 | Saturday 2 Minivan |4 2 adults. | dummy [Diiver. adult front passenger, dummy on 2nd row passenger side 40
491 Night 3 Tk |2 2 adults [Driver and front passenger 40
492 4 SUV 3 2 adults [Driver and front passenger 40
493 5 Truck |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 40
494 2 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 50
495 2 Minivan |4 2 adults. | dummy [Diiver. adult front passenger. dummy on 2nd row passenger side 50
496 3 [Tk |2 2 adults [Driver and fron: passenger 50
497 4 SUV 3 2 adults [Driver and front passenger 50
198 5 Truck |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 50
499 3 1 Sedan |4 2 adults, 2 children [Diiver. adult on passenger seat. 2 children at the back driver and pass side 60
00 2 Minivan |4 2 adults. | dummy [Diiver. adnlt front passenger. dummy on 2nd row passenger side 60
501 3 Tk |2 2 adults [Diiver and fron: passenger 60
502 4 Ny 3 2 adults [Driver and front passenger 60
503 5 Truck |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 60
504 4 Sedan |4 2 adults, 2 children [D1iver. adult on passenger seat. 2 children at the back driver and pass side 70
505 2 |Minivan |4 2 adults. | dummy [Driver. adult front passenger, dummy on 2nd row passenger side 70
506 3 |Truck 2 adulls [Driver and fron! passenger 70
507 4 Ny 3 2 adults [Driver and front passenger 70
508 5 |tk |3 2 adults. | tecn [Driver and adult front passenger. teen on back passenger side 70
509 5 1 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 40
510 2 |Minivan |4 2 adults, | dummy [Driver. adult front passenger, dummy on 2nd row passenger side 40
511 3 Truck |2 2 adults [Driver 1T passenger 40
512 4 Ny 3 2 adults [Driver and front passenger 40
513 5 |tk |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 40
514 6 1 Sedan |4 2 adults. 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 50
515 2 |Minivan |4 2 adults, | dummy [Driver. adult front passenger, dummy on 2nd row passenger side 50
516 3 Truck |2 2 adults [Diiver and fron: passenger 50
517 4 Ny 3 2 adults [Driver ar 1t passenger 50
518 5 Truck |3 2 adults, | teen [Diiver and adult front passenger. teen on back passenger side 50
519 7 1 Sedan |4 2 adults. 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 60
520 2 |Minivan |1 2 adults, | dummy [Driver. adult front passenger, dummy on 2nd row passenger side 60
521 3 lmck |2 2 adults [D1iver and fron: passenger 60
522 4 Ny 3 2 adults [Driver and front passenger 60
523 5 Truck |3 2 adulls, 1 teen [Driver and adull front passenger. een on back passenger side 60
524 8 1 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 70
525 2 Minivan |4 2 adults, 1 dummy [Diiver. adult front passenger, dummy on 2nd row passenger side 70
526 3 Truck |2 2 adults [Driver and fron: passenger 70
527 4 Ny 3 2 adults [Driver and front passenger 70
528 5 Truck |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 70
529 9 1 Minivan |4 2 adults, | dummy [Diiver. adult front passenger, dummy on 2nd row passenger side 40
530 2 Sedan |4 2 adults, 2 children [Driver. adult on passenger scat, 2 children at the back driver and pass side 40
531 3 Truck |2 2 adults [Driver and front passenger 40
532 4 Suv 3 2 adults [Driver and front passenger 40
533 5 Truck |3 2 adults, 1 teen [Driver and adult front passenger. teen on back passenger side
534 10 1 Minivan |4 2 adults. | dummy [Diiver. adult front passenger, dummy on 2nd row passenger side
535 2 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side
536 3 Truck |2 2 adults [Driver and front passenger
537 1 SUV 3 2 adults [Driver and front passenger 50
538 5 Truck |3 2 adults, | teen [D1iver and adult front passenger. teen on back passenger side 50
539 11 1 Minivan |4 2 adults. | dummy [Diiver. adult front passenger. dummy on 2nd row passenger side 60
540 2 Sedan |4 2 adults, 2 children [Driver. adult on passenger seat. 2 children at the back driver and pass side 60
541 3 Truck |2 2 adults [Driver and front passenger 60
542 4 SUV 3 2 adults [Diiver and front passenger 60
543 5 Imck |3 2 adults, | teen [D1iver and adult front passenger. teen on back passenger side 60
544 12 Minivan |4 2 adults. 1 dummy [Diiver. adnlt front passenger. dummy on 2nd row passenger side 70
545 2 Sedan |4 2 adults, 2 children [Diiver. adult on passenger seat, 2 children at the back driver and pass side 70
546 3 Truck |2 2 adults [Driver and front passenger 70
547 4 SUV 3 2 adults [Driver and front passenger 70
548 5 Truck |3 2 adults, | teen [Driver and adult front passenger. teen on back passenger side 70
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Appendix IV: HOT Facility Project Manager Interview Questionnaire

A SURVEY OF APPROACHES AND STRATEGIESBY AGENCIES
NATIONWIDE -QUESTIONNAIRE

Study Overview

The San Diego Association of Governments’ |[-15 Mgath Lanes project is a three stage
implementation of High-Occupancy Toll (HOT) lan€Bhis project will result in four bi-
directional lanes for twenty miles and multipleemhediate access locations. Completed Stage 1
has the middle segment (8 miles long) and 18 ¢athions operational since March 2009.

Enforcement of vehicle occupancy is currently pded by the California Highway Patrol (CHP)
with officers patrolling during a limited number bburs. The facility expansion to the full 20
miles, the move to 24/7 operations in a concurrgaffic flow environment, and the
incorporation of many intermediate access points expected to substantially increase the
complexity of violations enforcement on the I-15mdged Lanes facility.

California Center for Innovative Transportation (T¥at University of California Berkeley is
undertaking a survey of agencies operating HOTdandearn about their violation enforcement
strategies and lessons-learned. This will help BAS identify Violation Enforcement Systems
(VES) for the 1-15 Managed Lanes.

CCIT

CCIT accelerates the implementation of researchtiamdeployment of technical solutions by
practitioners to enable a safer, cleaner and niticeedt surface transportation service. As part
of the SANDAG I-15 Managed Lanes VES Technologyesssnent, CCIT is assisting
SANDAG assess, test and implement Violation Enforeet Systems (VES) for existing and
proposed HOT lane facilities.

Survey Questions
The survey questions have been grouped into ttategaries for simplicity.

HOT LANE Operations

1. What is the primary objective of your agency’s iempkentation of HOT lanes (e.qg.,
congestion mitigation, revenue generation, etc.)?

2. How would you describe the level of congestion oanycorridors with HOT lane
operations? (e.g., heavily congested, moderatelgesied, average commute delays more
than 30 minutes, etc.)

3. What is the occupancy requirement for HOV usees, (2+ or 3+ persons)?
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4. Are there incentives / charge-free access for @spwanpools and or hybrid vehicles to
use the HOT lanes? (Yes / No)
a. If yes to above, what are the incentives?

Facility and Infrastructure

5. How many HOT lanes are in use or planned in eadttion?

6. How are the HOT lanes separated from the all-p@peses? (e.g., physical barriers,
striping, in-pavement reflectors, etc.)

7. What is the shoulder width, if present that camubed by the highway patrol?
8. Can HOT lane users pay by cash at your facility@s(¥No)

9. Please indicate which of the following electron&yment systems are currently used on
your HOT lanes:

Electronic Payment Systems In Use? Manufacturer, communication
(Yes/ No) | frequency/protocol, cost per unit,
specific to SOV users, etc.

Transponders (e.g., EZPass)
Sticker Tags

Video tolling using Automated
License Plate Reader (ALPR) and /
or Automated Vehicle
Classification

Other

10. Please indicate which of the following technologaes currently used on your HOT lanes
(exclude the ones indicated to be in use aboveéstipn 6):

Technology Planned Planned Manufacturer,
in short over Long | communication
term? Term (3-5 | frequency/protocol, cost per
(Yes/ No) | years)? unit, specific to SOV users,

(Yes/ No) | etc.

Transponders (e.g.,

EZPass)

Sticker Tags

Smart Cards On-Board

Unit

Automated Vehicle
Detection /Classification
Other
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11.Please indicate the reasons for your use of thengtembination of technologies?

12. Are your electronic payment systems interoperalille ether systems in the region and
have you planned for a transition to 5.9 GHZ?

13.1f electronic payment method(s) is/are used, wieatgntages of tolls are collected
through electronic transponders in your jurisdict{plOT lane and Non-HOT lane
tolling)?

14.What are the state laws or agency policies thatlagg or affect your selection and the use
of electronic payment methods (e.g., number ofak=/required in the vehicle)?

HOT Lane Violation and Enforcement

15.What is your current level of manual enforcemerthviighway patrol? (e.g., 40 total
personnel hours per month, etc.)

16.Does your agency pay full or partial costs of mammdorcement by highway patrol?
17.What is the estimated rate of HOT lane violatiohgaar facilities?

18. According to the current law in your state/regiomat are the penalties for a HOT lane
violation (civil/criminal)?

19.What does your agency consider an acceptablefi@vElOT lane violations? (e.g., less
than 5 %)

20.What are your current and planned enforcement rdstba HOT lanes?
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Enforcement Method

In
Use?
(Yes/
No)

Planned in
short term (1-
2years)? (Yes
/ No)

Planned
over long
term (3-5
years)? (Yes
/ No)

Description of the
Method Used or
Planned
(manufacturer,
costs per unit,
communication
frequency /
protocol,
inter oper ability)

Enforcement through

highway patrol personne
with enhanced detection.

Handheld devices to
verify toll payment

Mobile Enforcement
Transponder (MET)
used in patrol cars to

identify valid
transponders

Overhead lights
indicating toll
payment

Fully automated
occupancy verification
systems

Violation
Enforcement System
Cameras (infrared or
near infrared)

Other automated
occupation
verification systems

Self occupancy
declaration systems with
enforcement

Switchable
transponders

Carpool sticker tags

Smart card on board
units

License plate
detection

Photo enforcement

Other automated

enforcement
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| Others (e.g., gates, etc.)]
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21.Please describe the reasons for the selectioranfiptl violation enforcement strategies in
the short term and long term?

(For questions 23 and 24, answer only if they alevant)

22.1f fully automated occupancy verification systemestaeing used or planned, who will be
responsible for processing citations and the ewiggpackage?

23.1f self-declaration systems are in use or planredhorate on the enforcement
technologies and strategies in use or planned.

24.For enforcement methods in use at your agencyselpeovide an estimate of the initial
and on-going costs if available.

Enforcement M ethod Initial Ongoing Estimated
Capital Operations | Effectiveness
Costs and (documented
Maintenance | before after
Costs violation
rates)

Enforcement by highway patrol personnel | N/A
(Manual)

Enforcement through highway patrol
personnel with handheld devices to verify
toll payment.

Fully automated occupancy verification
systems (e.g., infrared or near infrared
cameras with automated occupancy
identification)

Self occupancy declaration systems (e.g.,
switchable transponders, carpool sticker tags,
smart cards, etc) with enforcement (e.g.,

license plate detection/photo enforcement

Others (e.g., gates)

Thanks you for your participation!
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Appendix V: CHP Questionnaire

Survey Questions
The survey questions have been grouped into fdagosaes for simplicity.

A. Background Information

1.

3.

What types of violations are officers expectednfoece while patrolling a HOT lanes
facility? (e.g., toll evasion, occupancy violati@meed violations)

Do officers assigned to HOT lanes facilities congpledditional training for HOT lane
enforcement?

Do one or more entities pay CHP for the enforceroérOT lanes? (e.g., SANDAG
pays for overtime for CHP personnel)

B. Enforcement Technologies

4. What technologies are currently used in HOT larfereement by CHP?

5. Which agencies participate in the selection prooésschnologies used in the field by
CHP officers for the purposes of detecting occupamd toll violations in HOT lane
facilities?

6. Which agency (or agencies) determines the techredaged by CHP officers for the
purposes of detecting occupancy and toll violationdOT lane facilities?

7. Please indicate which of the following enforcemteishnologies are in use, planned or
have been considered but not deployed in the lfigl@HP (refer to Table 1).

Technology In use? Planned? | Considered?’

(Yes/No) (Yes/No) (Yes/No)

Mobile Enforcement Transponder

Mobile Transponder Reader

PDA

Portable Transponder Reader

Transaction Status Indicator (Beacon)

Other

[For questions 8 through 10 please consider yoswars in question 7.]

8.

How would you describe the experience of CHP officeith the technologies in use in
HOT lanes facilities? (For example, highway patflicers in Minnesota avoid using the
transaction status indicators due to the locatavaglable for enforcement and the
availability of other technologies.)
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9. If atechnology was considered but not selectezhqd explain the reason(s) for the
decision of not utilizing the technology.

10.Has the CHP considered the possible impacts o518 DSRC technologies? If so, are
there any enforcement related advantages or diatatyes of 5.9 GHz DSRC
technologies over its predecessors?

11.Has the CHP considered the possible impacts otkalile transponders in its
enforcement efforts? If so, are there any enforcgmedated advantages or disadvantages
of switchable transponders? How best to mitigaéechallenges?

12.What is the CHP’s assessment of sticker tags?

13. Are transponder misreads in HOT lanes facilitiegjfrent enough to cause enforcement
problems?

14. Are there certain types of transponder technolotfiascause concern given the CHP
experience with drivers that engage in toll or gancy violations?

15.What are the other challenges of transponder téobies? What is the best way to
mitigate the challenges?

C. SPATIAL CHALLENGES TO THE CHP ENFORCEMENT EFFORTS

16. Are the enforcement locations available along thé torridor adequate for observing
vehicles and joining the traffic stream in casa g@ossible violation?

17.How have the multiple access and egress pointseof15 corridor project affected the
enforcement strategies of the CHP?

18.What additional challenges does the CHP face wigmew I-15 Managed Lanes
geometric configuration (e.g. shoulder width reduttadded lanes)?

D. Policy

19.What Title 21 amendments, if any, would be benafitw CHP’s violation enforcement
efforts in HOT lanes?

20.What amendments, if any, should be considereda@apipeal process of toll or
occupancy fines given the special features of the inanaged lanes?

Thank you for your participation!
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