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VIl California Concept of Operations
This document describes the Concept of OperatiGoa@ps) foVIl California in eight
parts:
Goals
Use Cases
Architecture
Vehicle-Roadside Component
Roadside Component
Roadside-Center(s) Component

N o o bk wDd e

Processing and Archiving
8. Evaluation Plan

It is written at high level and is a part of arratieve process where multiple stakeholders
— developers and users alike — can describe expetaf the targevll California

system in terms that need not be quantifiable asthble. This document will be used as
input to the development Ml California requirements, then specifications.

The VIl California testbed and proof of concept development is d jdetropolitan
Transportation Commission (MTC), Caltrans, BMW No#merica, DaimlerChrysler
RTNA, Toyota InfoTechnology Center, and Volkswagémerica ERL activity.
Multiple collaborating partners are further soughtco-developers and, ultimately,
“owners.” In the current work, California PATHworking with Caltrans on the
infrastructure (roadside unit) implementation aetiicle-infrastructure messaging and
communication of the VIl data, whereas Telvent &dyne is working with MTC on
backhaul communications and collection, procesamgjarchiving of data at the center.

1.0 Goals

The ultimate goals of théll California program are to:

Better manage the safety and productivity of thréase transportation system;

Combine the resources, expertise, and innovatibtie@ublic sector, the auto
industry, aftermarket suppliers, and other privsagetor participants for the benefit
of the traveling public;

Build upon California’s already considerable exigtinfrastructure investments;
and

Create opportunities for innovation in the transgioon system, exploring
commercial uses of the system to fund its deployraed operation.

Beginning in 2005, th¥Il California partners set out to achieve these goals and
embarked upon the development of a testbed to sttt the technical feasibility and
institutional value of VIl. The near-term goals this testbed are to:
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» Inform future decisions for the National VIl Progra- specifically the 2008
deployment decision;

* Inform future decisions for California and Bay Ar@gstem Management
Programs; and

* Assess real-world implementations of VII infrastire, architecture and
operations.

The development period ®il California is currently running through 2008, over which
time both the overarching goals and the testbets gall be realized. Th& Il California
Working Group is developing the testbed in two @sa¥Vorld Congress Demonstration
and VII Proof of Concept. Specific tasks and doret within these phases are provided
in the timeline given in Figure 1-1.

2005 2006 2007 2008
Phase/Task Q1]Q21Q3|Q4|Q11Q2]Q3[Q4|Q1|Q2/Q3/Q4]Q1/Q2/Q3|Q4

Phase 1: World Congress Demonstration

Design, Build and Install WC Demo

Operate WC Demo

Evaluate WC Demo

Phase 2: Proof of Concept

Design, Build and Install VII Proof of Concept

Operate VII Proof of Concept

Evaluate VIl Proof of Concept

Figure 1-1. VII California High-Level Schedule

The first milestone fowlIl California was to participate in the 2005 ITS World Congress.
After this first milestone was successfully accoistgd, theVIl California partners
established a second milestone to provide up t@d@side equipment (RSE) locations
along Caltrans-operated routes in the San Franpigomsula, at or near Palo Alto: US-
101, US-280 and El Camino Real (SR 82), shownguife 1-2. Thé&/Il California
Program is currently in the process of trying thiage this second milestone. The
objectives of these earlyil California activities are to:

» Demonstrate and outreach emergifigCalifornia testbed: give notice that
Caltrans, MTC and partners are committed to theepnand will objectively
investigate its potential,

» Gain experience in VIl and use case developmentaptbyment; and

» Develop and promote thél California public-private partnership.
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« Of 40 RSU, 20 will be on
SR82: El Camino Real

N -3

« Candidates for at least
three CICAS Intersections

40 California VIl RSU
Locations (101, 280,
SR 82)

Figure 1-2. Potential RSE Locations

To further support the VII California Program gqalaltrans and MTC have recently
issued a Call for Submissions (CFS) to solicitpgheicipation of private sector partners
to invest in and cooperate with tké California Program to create a testbed
environment in the Bay Area for VIl field testingdhevaluation. Caltrans and MTC
hope that the public-private partnerships spawnetthé CFS will help increase the size
and scope of the testbed. This expanded testlibthese new business relationships are
needed in order to develop knowledge about VIInedi and business model issues that
will be vital to inform both state and national tsans about VI viability.

It is understood that théll California goals may be revisited and revised during the
course of th&/Il California demonstration period.

2.0 Use Cases!

In November of 2005, at the Intelligent TranspootatSystems (ITS) World Congress
held in San Francisco, a technology demonstrattiedthe Innovative Mobility
Showcase (IMS) was conducted. It involved numepmusic and private sector

! Obtained from pp. 6 — 8 &fll California Development and Deploymesbgram plan.
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participants including VIl California. Based ongkexperience, Caltrans and MTC have
identified the following public sector VIl use casas being of priority interest for proof
of concept testing:

1. Traveler Information — Traveler information systems provide
information that may be relevant to the performaate traveler’s trip,
including travel times, incident alerts, road clesy school and work
zones and weather conditions. This applicatiorolwves both collecting
probe data from the vehicles and sending travel@rmation to the
vehicle’s On-Board Equipment (OBE). The OBE skalhd raw location,
time, speed and direction information of the vehido Roadside
Equipment (RSE), which passes the data along ten&rad processing
center where it is used to create timely and ateura@al-time traveler
information. Travel times will be provided on ayudar recurring basis,
and referenced either from landmark to landmarlkyeiween geo-located
road positions. Interpretation of travel time dati#l be left up to the
vehicle system developers. Incident informationd aemergency
notifications will use the same mechanisms as trtémee notifications,
except that these messages will be generated asasoiney are detected
by the operations center. VII California’s apptioa will utilize MTC’s
511 system to provide real travel times and indideformation during
proof of concept testing.

2. Ramp Metering — This application would enable more efficient fregwa
management by providing vehicle speed and spacifggnnation to the
RSE, allowing for dynamic, smooth on-ramp operatwgith minimal
disruption to the mainline traffic flow. VII probéata will provide
detailed vehicle snapshots, including timestamgther, vehicle position,
speed, braking and acceleration information, asl asgl the vehicle’'s
trajectory through the ramp and merge area(s) hadaggregated flow
profiles of vehicles between ramps on a per-larssbaFrom this data,
other measures including link travel time and ageraamp queue
information can also be derived.

3. Electronic Payment (Tolling) — This application involves using VII
onboard and roadside equipment in the electrorcgssing of bridge toll
transactions.

4. Intersection Safety — This is the application of low latency, high
availability, safety critical messaging between RS&hd OBEs for
cooperative intersection safety, with focus on algviolation, dilemma
zone warning (to address the onset of yellow sigase) and reducing
left-turn crashes. This family of applications maguire high data rate,
as wireless map updates may constitute a signtficamponent of the
message.

An essential aspect of the Intersection Safety iegdn is the VI
California support of the Crash Avoidance MetriatRership (CAMP)
Cooperative Intersection Collision Avoidance System Violation
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(CICAS-V) and DSRC components of the Caltrans-PATHCAS-
Signalized Left Turn Assistance (CICAS-SLTA) prdgec (The CICAS
projects are 80% funded by US DOT.)

5. Curve Overspeed Warning— Another application of low latency, high
availability, safety critical messaging is curveempeed warning, wherein
road curvature (and potentially, road surface domal would be
broadcast by appropriately positioned RSEs to OBEd, vehicles would
combine this information with their dynamic stategrovide in-vehicle
warning to drivers, if necessary. An extension lddae that vehicles that
issue curve overspeed warnings would transmit safdrmation to the
roadside, enacting a general warning to unequippédtles.

6. OEM Specific Applications —This application includes an encrypted
message set specific to Original Equipment Manufact(OEM)
requirements, passed between vehicle, RSU and Giaktic The OEMs
will use this message set for Customer RelationidlelDiagnostic
applications.

Caltrans and MTC are also supportive of using éisébied to conduct proof of concept
tests for commercial applications that are develap&l provided by individual
automobile companies or other private sector oagdians.

3.0 Architecture

TheVII California architecture will be a framework that depicts hofermation needed
to enable a variety of use cases will flow betweelnicles and traffic management
centers (TMCs), OEMs and other commercial locatiansl how that information will be
processed, stored and used for operational andati@ purposes once it is received.

The VIl California testbed architecture will evolve over time. BesmCalifornia intends
to be an early implementer of the national VII syst the ultimaterchitecture that
supports actual operations will be the one adopyetthe national VII Working Group.
Version 1.1 of this national VII architecture wasbpshed in July, 2005 and will be the
subject of continuing thorough review and discus$ig public and private sector
representatives, and testing and refinement leadifager versions, before adoption.
More recently, USDOT has contracted with a teanble@oo0z Allen Hamilton to refine
the National VII Architecture and to design and geproposed VIl network and related
system components.

The VIl California architecture will be an open architecture that el designed to

enable the testing of various technologies andystiéss, the integration of these
technologies and subsystems, and various commaruiagjovernmental applications.
Key national activities, such as the developmemtrofotype, standards-compliant DSRC
roadside units by the DSRC Industry Consortiumiousr commercial wireless
communications developments, and the implementatidackhaul communications
technologies to meet VII requirements, will be elysmonitored. Th&/Il California

6 Last Update: October 6, 2006



VII California Concept of Operations Document

architecture will be developed such that it camgower time to accommodate these and
other developments.

The initial architecture shown in Figure 3-1 is tne that was implemented for the 2005
World Congress. For expediency, a number of elésnanfeatures of Version 1.1 of the
national VII architecture were not included in thigial architecture.

WC Demo VII Architecture — Physical Entities
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Figure 3-1. VII California World Congress Demo Architecture

As described more fully below, the initill California architecture enables the
communication of data from equipment located onrth@articipating vehicles to
roadside units deployed at selected locationsmRhere, the data is communicated to
several locations, including the 511 Traveler Infation Center (TIC), and to OEM
processing centers, through a router and the apptemddressing schemes. Data from
the 511 TIC and the OEM locations is also commuettdack to the roadside units,
which transmits it to the participating vehicle board equipment, and then it is provided
to the driver through audio or visual displays.

D (@

RSU radio

PC
formatting
data as

4.0 Vehicle-Roadside Component

4.1 Hardware

Development and installation of the onboard equipn(®BE) system and components
are the responsibility of car company stakeholdésthis writing, the OBE system is
notionally given, and further definition and cottiea as necessary will be included in
subsequent iterations.

7 Last Update: October 6, 2006



VII California Concept of Operations Document

Per Figure 3-1, the vehicle has its onboard equiprsgite, consisting of a driver, driver-
vehicle interface, a suite of equipment comprishieyOBE, and other VII positioning
and communications components.

The vehicle positioning and time synchronizatioa done through an onboard global
positioning system (GPS) unit, which includes ax@éaantenna connector. The
positioning requirements from use cases, e.g., thhane”, may predicate whether
companion roadside equipment is needed, e.g., tiifatential correction, Wide Area
Augmentation System (WAAS) or use of High Accur&tational Differential GPS (HA-
NDGPS).

For the OBE’s, the basic communication systemS&C Wireless Access in Vehicle
Environments (WAVE) radio, hereafter defined as AWE Radio Module (WRM).

To ensure compatibility with the OEM'’s test radfosthe OBES, Caltrans has purchased
and will install 50 WRMs developed by the Crash iamce Metrics Partnership
(CAMP) and Denso. While the Denso WRMs do not m@appletely into the emerging
DSRC 802.11p standard, they will be the VII Caliiarstandard radios through at least
2006, and will eventually be updated with compli&/RMs.

Outside the WRM and antenna, the OBE also inclatlesr potential principal
components:
« DSRC amp and antenna
0 MCX coaxial DSRC antenna connector
» Other wireless transceivers: radio card plus antpaamtenna (e.g., 802.11b/g)
0 MCX coaxial 802.11b/g antenna
» GPS for positioning and UTC time synchronization
o0 Including MCX coaxial GPS antenna connector
* OBE processing equipment and software
 Power
o 110 Volt power
0 AC to DC power supply
» Connection point for ground
» Separate enclosure (potential)
The above list of components is not complete ardiséurther definition from car OEM

stakeholders, currently DaimlerChrysler, Toyotalrgchnology Center, BMW North
America and Volkswagen/Audi.

The on-board equipment assembles information frarous sensors inside the
participating vehicles and communicates this dathé roadside. The data
communicated is that set of information that més¢srequirements of the selected use
cases, as well as the needs of the participatingHB-or the Traveler Information use
case, the following information is needed:

* Vehicle ID
» Location(s)
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* Heading(s)

* Time(s)

* Speed(s)
The information sent by the vehicles to the roagsidit is in the form of a message or
block that contains the above data, as well asafgteoprietary interest to the
participating OEMs. The roadside unit sends edotkiof data received to a router,
which transmits each block to its intended destmat including the 511 TIC. In order
to protect its proprietary interests, each parétipy OEM encrypts its proprietary data
and provides a unique identifier such that thisdgtes only to it and the 511 TIC, and
so that the proprietary data cannot be read &1aelIC. The OEMs manage data
security needs for the OEM specific message se¢surity for non-OEM data will be
evaluated for the testbed infrastructure and impleted accordingly.

In addition, the OBE receives travel time and ieaidinformation sent from 511 through
the roadside unit and provides it to the driveotigh either an audio or visual display.
Message set definition, including site-specificdzfoast parameters, was developed
during the requirements and detailed design stafyére VII California Program.

5.0 Roadside Component

5.1 Hardware

Part of Figure 3-1 is an architectural configunatad roadside equipment (RSE), which
has been developed for use by YHeCalifornia Program past that milestone. At the
heart of the RSE is another WRM (identical to the o the vehicle), a port or router to
landside operations (backhaul), and a specializeal kafety processor with interface
into the controller, e.g., Type 170 traffic sigeahtroller.
Outside the WRM, the RSU may also include otheepitdl principal components:
« DSRC amp and antenna
0 MCX coaxial DSRC antenna connector
» Other wireless transceivers: radio card plus antpamtenna (e.g., 802.11b/g)
0 MCX coaxial 802.11b/g antenna

» Connection to backhaul, for example, 802.11-typelss connection, General
Packet Radio Service (GPRS) modem, G3 cell modard@, HSDPA), 802.16
(WIMAX), hardwire (DSL, T1)

* Router/hub for network access and component intiegra
» Separate processor and/or connection to existingyalter
o Serial connector for intersection controller oreatprocessor, as needed
» GPS for positioning and UTC time synchronization
0 Including MCX coaxial GPS antenna connector
 Power
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o 110 Volt power
o0 AC to DC power supply
» Connection point for ground
» Separate enclosure (potential): tradeoff betwegreB32 cabinets or additional
watertight unit

This is a joint PATH and Caltrans activity. Theokition of RSE components and
configuration will be defined by PATH in conjunatiovith otherVIl California
stakeholders. For example, with CICAS-V suppotit,Galifornia will integrate a
CAMP-supplied RSE in several intersections.

5.2 Functions Performed

Installation

This will be a Caltrans activity, supported by PATBocumentation will be developed
to show prototype RSU design and bill of materisdsnclude antennae, WAVE radios
and PC/104 processors in order to replicate bdsments of the RFS prototype. At
Caltrans’ discretion, Caltrans and PATH will implem the first 1 — 2 RSU locations,
and Caltrans will implement the remaining testb@&tiere will be many site-specific
considerations in applying RSUs, e.g., antennagph&nt and optimization, varying
amounts available space within cabinets. Hencéewhototyping may specify the basic
configuration, the field application will requireonk and ingenuity from Caltrans and its
partners.

Maintenance

This will be a Caltrans activity, supported by PATadH troubleshooting consultation.

Archiving

Data archiving will not be a requirement of thedside components. All archiving will
be a center-based activity.

6.0 Roadside-Center(s) Component

This component of the architecture is often refittreas the backhaul communications
system. The national deployment of the backhamiroanications system for VII may
involve the participation of the telecommunicatiamdustry, which would provide the
necessary bandwidth and technology as part of bofuivate partnership arrangement.
The VIl California testbed is being designed to offer opportunitiegdsting of various
technological and institutional arrangements.

The curren¥Il California architecture enables data that has been sentrbgipating
vehicles to the roadside units to be communicaiedtious destinations, including the
511 TIC and participating OEM processing centeng, enables travel time and incident
data from the 511 system to be communicated toodheside units and shared with the
vehicles. The architecture also allows for renmotmitoring of roadside unites from the
PATH offices at the Richmond Field Station.
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Currently, theVIl California testbed relies on a leased communications system t
provide for the two-way transmission of data betwtee centers and the roadside units.
Most of the existing RSE locations use a wirelesattband technology provided by
Verizon Wireless (EV-DO) for backhaul. This systprovides data transfer rates up to
700 Kbps for downlinks and 150 Kbps for uplinkshefe are also two RSE locations
that use T1 connections for backhaul (1.4 Mbpshalfy, theVII California partners are
exploring the use of WiMAX technology to provideckhaul at least two RSE sites.

This is an MTC-led activity. Televent Farradyn&lé/eloping the requirements for the
backhaul communications for the inithll California architecture, with the participation
of PATH. Telvent Farradyne will continue to invgstte the suitability of the existing
communications system, and explore alternativesldhitbe existing system not be
suitable. Televent Farradyne is also administettiegmaintenance of thél California
network. If another communications solution is iempented, maintenance will be
accounted for in the procurement.

7.0 Processing and Archiving

The availability of the vast amounts of data thdtwill ultimately provide will support a
wide variety of applications and will enable enhethor new governmental and
commercial services. The continuing developmedttasting of VII will include the
development and testing of these applications. ViTh€alifornia testbed will be
available for this purpose.

The initial VII California architecture will include data processing and ol
capabilities. These capabilities will enable tbkofving operations with th¥ll
California probe vehicle fleet:

* Processing the location, direction, time and spukstd received from the
participating vehicles to calculate travel timesamen adjoining roadside unit
locations, and other link travel times.

» Archiving all the location, direction, time and ggkedata received from the
participating vehicles such that it can be usecf@luation and research
purposes.

It is also important to note that data from YHe California testbed may be used by
MTC’s 511 system at some point in the future. Otheesize of the vehicle fleet
becomes large enough, the 511 system could uggdhessed data to enhance the travel
time information it provides to the public. In atiloh, travel time and incident
information of relevance to the locations(s) of R®Es will be sent from the 511 system
to the roadside units for transmission to the pgditing vehicles and drivers.

This is an MTC-led activity. The software that bles the functions defined for the
initial VIl California implementation will be developed and/or integratgdrelvent
Farradyne, which will be responsible for its desidgevelopment or acquisition, testing
and maintenance, and the documentation of same.
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8.0

Evaluation Plan

This is an MTC-led activity, with some coordinatisam PATH. Additional inputs will
come fromVII California stakeholders and participants, as technical databperational
know-how will be produced from the present effort.

8.1 2005 ITS World Congress Evaluation

The initial evaluation commenced shortly after Werld Congress and produced lessons
learned, in essence, to build a better testbe@. eValuation included answers to:

Did technology perform as desiredzs, in a demonstration-only context, without
operational reliability constraints.

What were the limitations/constraints observedfitations and constraints can
be described in two dimensions, one relating vpecHically to the
demonstration and another related more generallyfidechnology and
deployment in the San Francisco Bay Area. Withifdhmer, significant
demonstration-specific constraints were observemming from the
organization and coordination, communication, sygengineering of new
installations, technologies and applications. Jhecess of enjoining different
organizations with multiple skill sets and cultucksdevelop hardware, firmware
and software in order for the VII applications tomk presented challenges at
every level. These challenges were largely oveeowith a successful
demonstration.

At level of VII deployment for the San Franciscy Baea, the jury is still out.
The aforementioned limitations and constraints matyapply with a concerted
effort. What was encouraging with the demonstraéind a certain take-away
was that multiple organizations with diverse goatxe able to quickly and easily
understand the significance of VIl and the choggplieations to demonstrate.
Less encouraging was the number of vehicles thdtidme marshaled for VII
California, an issue that is anticipated throughdthg tests that lead to decision-
making, in California and elsewhere.

Was there VII California interoperability with tipeivately-led World Congress
Innovative Mobility Showcase¥es.

How successful was the organizational/managemeanttate? The informality
prior to World Congress — essentially a handshadgeeament between qualified
parties — was maintained. A CFS was initiatedrafie World Congress to
additionally provide VII California elements.

Are demonstration outcomes extensible to a largalesand longer-term test
setting? Yes, to the degree that additional participantsevedded and use cases
refined; moreover, specific items of the US DOTRAIC were targeted.

These types of questions portend technical, ingtital and process improvements for
the subsequent testbed and will allgW California to expand in scope, participants,
stakeholders, and quality based on valuable ledsansed for a “quick strike” initial
deployment.
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8.2 Final Evaluation

The final evaluation will include technical, impaand institutional analysis, and, where
appropriate, should include before and after amalyShe full evaluation of the use cases
could include agency and industry partner intergiegagarding institutional and technical
issues, surveys, observational analysis, interviewd focus groups. The methodology
to evaluate each use case will depend on the gpattifibutes of the technology and the
persons exposed to the technology. For all usescéschnical, impact, and institutional
variables will be assessed as appropriate.

Technical: The technical evaluation should focus on the Wward and software operation
of the demonstration. Did the technology perfosveapected/desired? Consideration
should be given toidentification of key stakeholder partners; eliwgtifrom the partners
a meaningful set of goals and objectives for tloggat and their relative priorities;
identifying and obtaining insight and consensusrdigmg which measures will indicate
the degree to which project success has been achiamd communicating changes in
goals, objectives, and measures as the projectgeees.

Impact: Impacts on VMT, safety, mobility, mode choicarisportation system
efficiency, productivity of transportation providgiir quality, energy efficiency, etc.
may be examined, as appropriate. Performance mesasnd corresponding metrics
would be identified for study. Measures could udig: reduction in the overall rate of
crashes; reduction in delay; improvement in custosaéisfaction; increases in freeway
and arterial throughput or effective capacity; @ase in emissions levels; decrease in
energy consumption; and cost savings. The levdetdil and the opportunity to
complete before and after analysis will be deteedito a large extent by the size and
duration of each use case. If the demonstrat@misitoo small it may not be possible to
study some of the broader societal impacts.

Institutional: Researchers would document lessons learned regandtitutional (State
and Federal) challenges (what worked and what fjidnd make recommendations for
improvements (both institutional and procedurdihis evaluation would also include a
broader assessment of lessons learned regardipgliie-public and public-private
relationships for VIl deployment.

Broadly these three evaluation components (techniopact, and institutional) should
culminate in policy recommendations for the directof further VII California
deployments, and relationships among agencies etmeebn agency and industry,
including institutional challenges, recommendedigohs, and next steps.
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