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TABLE OF ACRONYMS
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	SR
	State Route

	TD
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	Traffic Management Center
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	TP
	Transaction Processor

	TPS
	Transaction Processor System
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	tolling zone controller
	Tolling Zone Controller

	VDS
	Vehicle Detection System

	VTA
	Valley Transportation Authority

	WAN
	Wide Area Network


1. Introduction

In July 2008, the Metropolitan Transportation Commission approved a set of High Occupancy Toll (HOT, referred to herein as Express Lane(s)) Network Principles to mark the region’s commitment to pursuing a regional network of HOT lanes in conjunction with the long-range transportation plan update, Transportation 2035. These principles reflect a commitment by MTC/BATA, Caltrans, California Highway Patrol and county congestion management agencies to work collaboratively to deliver a regional HOT network. The Santa Clara Valley Transportation Authority (VTA), the Santa Clara County Congestion Management Agency, has received legislative authority to undertake implement roadway pricing on two corridors within the county.  
Recent improvements have been made along I-880 including the completion of a continuous carpool lane between south of Auto Mall Parkway and SR 237, carpool to carpool direct connectors between I-880 and SR 237 and the reconfiguration of the Mission Boulevard interchange along I-880. However, SR 237 continues to experience saturated operating conditions during peak commute hours, resulting in traffic back-ups in the morning from exiting southbound I-880 traffic and from local street access from Calaveras Boulevard and McCarthy Boulevard to westbound SR 237 and in the evening along eastbound SR 237 due in part to metering backups on the ramp from eastbound SR 237 to northbound I-880.
As part of the first road pricing project, VTA will convert the existing carpool to carpool direct connectors on the SR237/I-880 interchange to Express Connectors. The single Express Connector lane in each direction connects eastbound SR237 to northbound I-880 and southbound I-880 to westbound SR237. This implementation is expected to offer an option to single occupant vehicles (SOV) to use the Express Connectors by paying a fee. 
This Express Connectors facility will be used as a demand management tool by using variable tolls to maximize the throughput of travelers while maintaining free flow traffic conditions. The Express Connectors are expected to offer continuous and reliable mobility to prospective users, particularly high occupancy vehicles (HOV) when entering and exiting the facility from and to the connecting HOV lanes. Only single occupant vehicles will be tolled using the same RFID technology currently used by all California toll agencies. Bay Area patrons would apply for and receive a transponder from the Bay Area Toll Authority (BATA).  Given Title 21 compliance requirements, any user with a transponder obtained from another California toll agency will also be able to use the Express Connectors.  This Concept of Operations document provides information on the existing HOV facility; subsystem design alternatives considered in the conversion of a portion of the continuous HOV lane to an Express Lane (i.e., Express Connectors); the proposed system comprised of preferred alternatives for the identified subsystems; a description of key elements of the design; and a list of known constraints expected to have some affect on performance.  

2. System Overview

2.1 Purpose of Document
The Concept of Operations document is a user oriented document that describes system characteristics of the to-be-delivered system from the user’s viewpoint. The Concept of Operations Plan will serve as the framework for the design, implementation and operation of the SR237/I-880 Express Connectors.  This Plan generates design and operations alternatives, compares and evaluates the alternatives relative to perceived user safety, convenience, and cost to identify a preferred alternative.  Key design and operations support elements, such as ingress and egress design, electronic toll collection implementation requirements, traffic data collection, pricing scheme,  customer service and account management services offered by BATA’s regional customer service center (RCSC), enforcement options and supporting equipment, required system equipment, maintenance provisions and marketing concepts are included.  

The Concept of Operations provides analysis resulting in a document intended to bridge the gap between the users needs and expectations and the technical specifications used by the system integrator/developer. In addition, this document provides the following:
· A means of describing a user’s operational needs without specifying components, materials and performance and assigning functions to hardware and software.
· A means of identifying a system’s characteristics and the user’s operational needs in a non-technical manner that can be verified by the user after commissioning.

· A vehicle to convey the user’s desires and expectations without requiring the provision of quantified, testable specifications. For example, the document could present a user’s need for a highly reliable system along with supporting reasons for that need, without having to produce a testable reliability requirement. 
· A formal approach to listing and describing design constraints, the rationale for those constraints, and generating viable solution strategies.

· A means of presenting both user and owner perspective on the suitability of possible alternative solution strategies within the framework of known project opportunities and constraints. 
2.2 Goals and Objectives of Express ConnectorsThe three proposed goals for the Express Connectors are:

1) Efficient use of existing infrastructure - provide congestion relief through more effective use of existing roadways,

2) Offer new mobility option - provide commuters with a new mobility option that offer them the choice to save travel time for a fee, and
3) Source of additional revenue - Provide new funding source for transportation improvements including public transit once operational efficiencies are realized.

2.3 Participant Agencies Roles and Responsibilities
The SR 237/I-880 Express Connectors System and operations will require a successful collaboration between several organizations.  This section presents the agency roles in supporting the various subsystems and also explains what each agency is responsible for what part of the overall system operations.  The agencies include the Express Connectors operating agency (assumed to be the VTA), BATA, Caltrans, and the CHP.  Presented below in Figure 1 is a chart that shows the various agencies and what their specific roles will be pertaining to the SR 237/I-880 Express Connectors operation.
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Figure 1 System Agency Roles

The Express Connectors (EC) operating agency (VTA) will be responsible for the following:

· EC lane discrimination and initial toll and violation transaction processing at the TDC Host, toll and read zone equipment operation and maintenance, TDC/Host system administration as well as operations and maintenance;

· Operation, monitoring, maintenance and provisioning necessary technical support of the entire EC level ETS, including the ETC readers, antennas, pricing signs and controllers, tolling/read zone controllers, VDS and controllers, CCTV equipment (camera, PTZ drive mechanism, monitors, digital video recorder, switch and controller), CHP enforcement equipment, roadside cabinet electrical distribution, backup and circuit protection equipment and communications system equipment and components;

· TDC back office communication services, including the links to the Cerone facility (intermediate lane data and video access), BATA, Caltrans and the CHP;

· Traffic based dynamic pricing and transaction toll rate setting process;

· HOV transaction filtering and transaction record storage based on transponder ID number;

· Performing EC financial reconciliation with BATA customer account EC FasTrak and violation transaction data;

· Reviewing scheduled and ad hoc TDC and RCSC reports generated by the respective servers handling EC System data; 

· Coordinate EC and/or shoulder closures with Caltrans in order to remove vehicle accidents, stalls and roadway debris in addition to properly maintain, replace and add  EC signs, equipment and devices; and

· Maintain EC related static and dynamic signs, VDS devices and controllers, CCTV cameras and poles, buffer and access terminal pavement markings and ingress and egress roadway lighting systems that are provided at the ingress and egress points.

BATA will be responsible for the following:
· FasTrak and violation transaction record processing by the RCSC, including FasTrak customer and violation account management, store front and call center customer service, payment processing, and revenue management including reconciliation functions (e.g., interface with credit and debit card processing and banking services) ;

· Interface with DMV to obtain registered vehicle owner information based on license plate characters captured from unauthorized vehicles;

· Build tag status list of valid and active transponder accounts and a transponder ID to license plate list to identify customer accounts based on license plate information.

· Operate standard and switchable transponder inventory and tracking system, transponder fulfillment and deposit revenue management, and transponder replacement notification and handling;

· EC CSR functions and monitoring; and

· Generate scheduled and ad hoc EC reports, both summary and detailed, for trip revenue, uncollectable trips (with reason code), and deposits to the operating agency’s bank account.

Caltrans will be responsible for the following:
· Safe operation of the SR 237/I-880 Express Connectors, including the EC Project limits;
· Incident response plans within the SR 237/I-880 connectors corridor, including the EC;

· Taking control of EC pricing sign messages, in coordination with operating agency staff, if an emergency traffic situation warrants an override of the ETS operation; and

· Roadway maintenance including barrier, guardrail, signs, sign structures, CCTV pole, roadway lighting, pavement and pavement marking that are not specifically attributable to the EC.

The CHP will be responsible for the following:
· EC enforcement operation, for both toll, vehicle type, buffer crossing and HOV occupancy violations, while primarily focusing on the later two; 

· Receive periodic downloads of FasTrak account status data (i.e. tag status files), which will be transmitted from the TDC, via some form of wireless communication to a hand-held portable reader device, either directly or indirectly via a docking station; and

· Incident response management within the SR 237/I-880 connectors corridor, including the EC.
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Figure 2- Proposed Project Site Layout
3. Existing HOV System and Site Conditions

3.1  HOV Design Elements & Characteristics
	Connecting Roadway
	Study Area/Limits
	Occupancy

Requirements
	Operating

Hours


	Travel Directions

	SR237
	Jct. I-880/SR-237 to Mathilda Ave.   (L= 6.1 mi.)
	Two or more persons per vehicle, motorcycles, ILEVs w/DMV issued decal.
	5:00-9:00 AM
3:00-7:00 PM

Mon. – Fri.
	Westbound,

Eastbound

	I-880
	Jct. I-880/SR-237 to Dixon Landing Road (L=1.3 mi.)
	Two or more persons per vehicle, motorcycles, ILEVs w/DMV issued decal.
	5:00-9:00 AM
3:00-7:00 PM

Mon. – Fri.
	Southbound

Northbound


Table 1 - Roadway/Connector Existing HOV Attributes 

	Route
	Sign Location
Milepost (CA PM)
	Sign Type
	Sign Text
	Size Sign
(width [FT] x height [FT])

	880 SB
	9.01
	Roadside
	McCarthy Blvd
Use 237 East
	9.35' x 3.44'

	880 SB
	8.89
	OH - Barrier
	Carpools Only
237 West
Mtn View
Only
	17.72' x 8.33'

	880 SB
	8.94
	OH - Freeway
	880 San Jose
	14' x 8.33'

	880 SB
	8.94
	OH - Freeway
	237 East Calaveras Blvd
McCarthy Blvd
	24' x 8.33'

	880 SB
	8.94
	OH - Freeway
	237 West
Mtn View Only
	24' x 8.33'

	880 NB
	9.42
	OH - Roadside
	Dixon Landing Road 3/4
Mission Boulevard 3
	Unknown

	880 NB
	9.67
	OH - Roadside
	Dixon Landing Rd
Exit Only
	Unknown

	880 NB
	10.02
	OH - Roadside
	Dixon Landing Rd
Exit Only
Mission Blvd 1 1/2 Miles
	Unknown

	237 EB
	6.59
	OH - Roadside
	North First Street
Exit Only
	Unknown


	Route
	Sign Location
Milepost (CA PM)
	Sign Type
	Sign Text
	Size Sign
(width [FT] x height [FT])

	237 EB
	6.87
	OH - Roadside
	North First Street
Exit Only
	Unknown

	237 EB
	7.47
	OH - Roadside
	Zanker Road
Next Exit
	Unknown

	237 EB
	7.75
	OH - Roadside
	Zanker Road
	Unknown

	237 EB
	8.02
	OH - Bridge Mounted
	McCarthy Blvd 1/2
Calaveras Blvd 237  3/4
Junction 880 1 1/4
	Unknown

	237 EB
	8.34
	OH - Roadside
	McCarthy Blvd
	Unknown


Carpools Only

880 North

Oakland

	Left 1/2 Mile
	15.75' x 8.33'

	237 EB
	8.51
	OH - Freeway
	880 Oakland
San Jose
	16' x 8.33'

	237 EB
	8.51
	OH - Freeway
	237 East
Calaveras Blvd Milpitas
Only
	22' x 8.33'

	237 EB
	8.51
	OH - Freeway
	McCarthy Blvd
	14' x 8.33'

	237 EB
	8.75
	OH - Roadside
	East 237 Calaveras Blvd
Milpitas Only
	Unknown

	237 EB
	8.92
	OH - Bridge Mounted
	Carpools Only
880 North Oakland Only
	17.72' x 8.33'

	237 EB
	8.92
	OH - Bridge Mounted
	North 880 Oakland
South 880 San Jose
Right Lane
	20' x 8.33'

	237 EB
	9.03
	OH - Roadside
	880 South
San Jose
	20' x 8.33'

	237 EB
	9.07
	OH - Barrier
	Carpools Only
880 North Oakland Only
	17.72' x 8.33'

	
	
	
	
	


	Route
	Sign Location
Milepost (CA PM)
	Sign Type
	Sign Text
	Size Sign
(width [FT] x height [FT])

	880 SB
	11.42
	OH - Roadside
	Dixon Landing Rd 1
Junction 237 3 1/4
Great Mall Pkwy
Tasman Drive 4
	20' x 9'

	880 SB
	9.92
	OH - Roadside
	Junction 237 1 1/2
Great Mall Pkwy 1 3/4
Tasman Drive
Montague Expwy 3
	20' x 9'

	880 SB
	9.64
	OH - Barrier
	Carpools Only
237 West
Mtn View
Left 1/2mi
	17.72' x 8.33'

	880 SB
	9.31
	OH - Roadside
	West 237 Mtn View
Exit Only
	24' x 8.33'

	880 SB
	9.31
	Roadside
	237 East
Calaveral Blvd 1/2 Mile
McCarthy Blvd
	11.8' x 6.0'

	880 SB
	9.15
	OH - Barrier
	Carpools Only
237 West
Mtn View
Left 1/2mi
	17.72' x 8.33'

	880 SB
	9.13
	Roadside
	McCarthy Blvd
Use 237 East
	11.8' x 6.0'

	880 SB
	9.01
	Roadside
	McCarthy Blvd
Use 237 East
	9.35' x 3.44'

	880 SB
	8.89
	OH - Barrier
	Carpools Only
237 West
Mtn View
Only
	17.72' x 8.33'

	880 SB
	8.94
	OH - Freeway
	880 San Jose
	14' x 8.33'

	880 SB
	8.94
	OH - Freeway
	237 East Calaveras Blvd
McCarthy Blvd
	24' x 8.33'

	880 SB
	8.94
	OH - Freeway
	237 West
Mtn View Only
	24' x 8.33'

	880 NB
	9.42
	OH - Roadside
	Dixon Landing Road 3/4
Mission Boulevard 3
	Unknown

	880 NB
	9.67
	OH - Roadside
	Dixon Landing Rd
Exit Only
	Unknown


	Route
	Sign Location
Milepost (CA PM)
	Sign Type
	Sign Text
	Size Sign
(width [FT] x height [FT])

	880 NB
	10.02
	OH - Roadside
	Dixon Landing Rd
Exit Only
Mission Blvd 1 1/2 Miles
	Unknown

	237 EB
	6.59
	OH - Roadside
	North First Street
Exit Only
	Unknown

	237 EB
	6.87
	OH - Roadside
	North First Street
Exit Only
	Unknown

	237 EB
	7.47
	OH - Roadside
	Zanker Road
Next Exit
	Unknown

	237 EB
	7.75
	OH - Roadside
	Zanker Road
	Unknown

	237 EB
	8.02
	OH - Bridge Mounted
	McCarthy Blvd 1/2
Calaveras Blvd 237  3/4
Junction 880 1 1/4
	Unknown

	237 EB
	8.34
	OH - Roadside
	McCarthy Blvd
	Unknown


Carpools Only

880 North

Oakland

	Left 1/2 Mile
	15.75' x 8.33'

	237 EB
	8.51
	OH - Freeway
	880 Oakland
San Jose
	16' x 8.33'

	237 EB
	8.75
	OH - Roadside
	East 237 Calaveras Blvd
Milpitas Only
	Unknown

	237 EB
	8.92
	OH - Bridge Mounted
	Carpools Only
880 North Oakland Only
	17.72' x 8.33'

	237 EB
	8.92
	OH - Bridge Mounted
	North 880 Oakland
South 880 San Jose
Right Lane
	20' x 8.33'

	237 EB
	9.03
	OH - Roadside
	880 South
San Jose
	20' x 8.33'

	237 EB
	9.07
	OH - Barrier
	Carpools Only
880 North Oakland Only
	17.72' x 8.33'

	237 WB
	8.92
	OH - Bridge Mounted
	Zanker Road
Next Exit
	Unknown

	237 WB
	8.60
	OH - Roadside
	Zanker Road
Exit Only
	Unknown

	237 WB
	8.31
	OH - Roadside
	Zanker Road
Exit Only
	Unknown


	Route
	Sign Location
Milepost (CA PM)
	Sign Type
	Sign Text
	Size Sign
(width [FT] x height [FT])

	237 WB
	8.02
	OH - Bridge Mounted
	N First St 1 1/4
Lafayette St 2 1/4
Great America Pkwy
	Unknown

	237 WB
	7.07
	OH - Roadside
	North First Street
	Unknown

	237 WB
	6.53
	OH - Roadside
	Great America Pkwy
Lafayette St
Exit Only
	Unknown


Table 2 - Existing Sign Structure Locations 
	Milepost

(CA PM)
	Detector Location
	Detector Location (PM),  PeMS ID Number

And Quantity 

	6.702
	WB ON FR N FIRST ST
	WB 6.752 (VDS# 400201) (3 VDS)  EB 6.752 (VDS# 400567) (4 VDS)

	7.021
	WB OFF TO N FIRST ST
	WB 7.162 (VDS# 400449) (3 VDS) EB 7.162 (VDS# 400104) (3 VDS)

	8.034
	WB ON FR ZANKER RD
	WB 8.082 (VDS# 401014) (3 VDS) EB 8.082 (VDS# 400296) (3 VDS)

	8.213
	WB OFF TO ZANKER RD
	WB 8.22 (VDS# 400158) (3 VDS) EB 8.082 (VDS# 400873) (3 VDS)

	8.588
	WB ON FR ALVISO MILPITAS
	NA

	8.6
	WB OFF TO ALVISO MILPITAS
	NA

	8.88
	WB ON FR MCCARTHY BLVD
	NA

	8.915
	WB OFF TO MCCARTHY BLVD
	NA



(Note: WB Detector Health on 4-23-09 = 82%; EB Detector Health on 4-23-09 = 100%)
Table 3 - SR237 Existing Vehicle Detector Location and Health

	Milepost

(CA PM)
	Detector Location
	Detector Location (PM),  PeMS ID Number

And Quantity 

	8.073
	NB OFF TO RTE 237
	SB (4 VDS)  VDS# 402119 SB

	8.249
	SEG NB OFF TO EB RTE 237
	NA

	8.25
	SEG NB OFF TO WB RTE 237
	NB Ramp Loop 8.36 (VDS# 401464) (3 VDS)

	8.541
	SEG NB ON FR WB RTE 237
	NA

	8.542
	SEG NB ON FR EB RTE 237
	NB Ramp Diag 8.55 (VDS# 401489) (3 VDS)

	8.644
	NB ON FR RTE 237
	NB Ramp Diag 8.77 (VDS# 401538)(5 VDS)

	10.18
	NB OFF TO CALIF CIRCLE
	NA

	10.484
	NB OFF TO DIXON RD
	SB: Ramp Loop 10.21 (VSDS#401637) (4 VDS); Ramp (diag.)10.542 (VSDS#401642) (3 VDS)

	R.051
	NB ON FR DIXON RD
	NB Ramp Diag 10.55  (VSDS#401643) (3 loop)



(Note: SB Detector Health on 4-23-09 = 73%; NB Detector Health on 4-23-09 = 86%)
Table 4 - I-880 Existing Vehicle Detector Location and Health

3.2 General Purpose and HOV Lanes Traffic Statistics Traffic volumes in the General Purpose (GP) and HOV facility during the AM and PM periods are shown in the figures below for travel in each direction.  For each figure it is important to note in the steep rise in HOV lane traffic from 9:00 a.m. to 10:00 a.m. and from 7:00 p.m. to 8:00 p.m. can be attributed to the end of the HOV operating hours, indicating continued demand for travel time relief by traveling in the HOV lane in lieu of the GP lanes. 
[image: image3.emf]
Figure 3 - I-880 SB to SR 237 WB AM Peak Period Hourly Traffic Volumes (March 11, 2009)
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Figure 4 - I-880 SB to SR 237 WB PM Peak Period Hourly Traffic Volumes (March 11, 2009)
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Figure 5 - SR 237 EB to I-880 NB AM Peak Period Hourly Traffic Volumes (March 11, 2009)
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Figure 6 - SR 237 EB to I-880 NB PM Peak Period Hourly Traffic Volumes (March 11, 2009) 

[image: image7.emf]
Figure 7 - I-880 (Dixon Landing Rd) to SR 237 (Zanker Rd) Travel Time

[image: image8.emf]
Figure 8 - SR 237 (Zanker Rd) to I-880 (Dixon Landing Rd) Travel Time 

3.3 Express Connectors Violations and Enforcement Frequency
The percentage of violations contained in the District 4, Year 2007 Annual HOV Lane Report for SR 237 westbound from the SR 237/I-880 Interchange to Mathilda Avenue was measured at 0.2% in the AM period and 2.0% in PM period.  In the eastbound direction from Mathilda Avenue to the SR 237/I-880 Interchange no violations were recorded in the AM and PM peak periods.  This Report did not include any violation information for I-880 from the SR237/I-880 Interchange to Dixon Landing.

3.4 Access to Caltrans and Local Carrier Communication Network 
Existing nodes on the Caltrans fiber optic cable backbone provide communication services to four (4) fixed cameras installed for surveillance of the SR 237/I-880 Interchange and provide an opportunity for transmitting video and data to the designated District 4 TMC and then TDC at the VTA data center (via an interconnection to the public network).   Approximately eleven (11) existing call boxes and one (1) variable message sign (VMS) located within the Project limits could provide a communication opportunity for servicing equipment with low bandwidth needs.  Use of the existing Intelligent Transportation Systems (ITS) infrastructure fiber backbone requires Caltrans to allocate at least one dark fiberthat may be used in conjunction with a local carrier’s network for linking a SOV read or toll zone with VTA Central Processing. Alternatively, existing ITS equipment (e.g. VMS, CCTV, call box) mounted to a pole or cantilever structure provides an opportunity to mount a transceiver, radio or antenna to support wireless communication. 

3.5 Electrical Service Access Locations 
The utility company having a franchise agreement to provide electrical service in the vicinity of the Express Connectors facility will be determined and contacted during the design phase to discuss the need for service at the toll zone, read zone, pricing sign and traffic controller locations. Coordination with the utility companies will be necessary to determine the availability of existing transformers that can service the Express Connectors field equipment at a cost less than installing a new transformer and the associated overhead or underground electrical cabling installed by the utility company.  Routing electrical cable from an electrical panel installed in conjunction with an existing VMS or CCTV roadway surveillance camera located within the Express Connectors Project limits to one or more Express Connectors equipment sites will be investigated during the design phase. If Caltrans allows connection to this panel, the cost associated with using this source should be compared to the cost of obtaining electrical service from a utility company’s new or existing source to each Express Connectors equipment site requiring power.  If electrical service is obtained from a utility company, a transformer that steps the available voltage down to 120/240 VAC is required for each Express Connectors equipment site. It is envisioned unit duct will be installed by the Contractor to route cable from either an existing electrical panel or a utility company’s transformer to a particular equipment site. The utility company providing the service or a licensed electrical contractor will make approved connections to designated transformer(s). 

4. Operational Opportunities and Constraints

4.1 Hours of Operation
Hours of operation of the Express Connectors can be either twenty-four (24) hours per day or certain peak period hours that may be continuous or segregated into AM and PM peak periods. The current operating hours of the HOV facility are from 5:00 – 9:00 a.m. and 3:00 – 7:00 p.m. Express Connectors traffic is directional with congested flow on SB I-880 to WB SR 237 during the AM peak and EB SR 237 to NB I-880 during the PM peak. During a recent field data collection exercise it was observed that the SB I-880 HOV Express Connectors quickly reached capacity immediately after 9:00 a.m. This suggests consideration of extending the morning HOV hours of operation by one hour. 

The disadvantages of operating less than 24 hours a day are the following:

1) Loss of flexibility to manage congestion and heavy traffic volumes during special events, traffic incidents, natural disasters, and inclement weather;

2) A worst case scenario results when a serious incident occurs immediately prior to commencing lane operations that shuts down the facility when travel demand and relief potential is the greatest.  The magnitude of this event is compounded when viewed from the perspective that the user involved in the incident would have likely experienced the same level of service using the general purpose lanes where an incident would require less time to clear (particularly for the elevated portion) and provide additional incentive for SOVs to use the Express Connectors; 

3) Some users may attempt to adjust their vehicle’s speed to assure they do not pass through the toll zone before the start of the unrestricted hours of operation, adversely impacting the operating performance of the facility.  The System will need to conservatively impute a speed at the upper end of the historical speed spectrum for determining when a user arrives at the toll zone to avoid assessing a toll to users who see $0.00 displayed on the pricing sign.   

4) For southbound I-880 to westbound SR 237 traffic, an unsafe condition may result during the transition from a tolled to an un-tolled facility when a user in a right lane sees a toll of $0.00 on the pricing sign and attempts multiple lane changes to enter the facility. 

Conversely, the advantages of applying the same operating hours that apply to the connecting HOV lanes to the Express Connectors facility are following:

1) Avoids confusion for SOV users, particularly those without a valid transponder, traveling in a connecting HOV lane outside of the designated operating hours and expecting the same operating hours apply to the Express Connectors facility. A sudden maneuver to avoid entering the facility results in an unsafe condition;

2) Future facility conversion to HOV 3+ eligibility logically only needs to apply during the current HOV operating hours, thereby avoiding adding another layer of confusion by changing occupancy hours during the day to reflect demand patterns. Additional customer service representative man-hours  expended on handling user disputes regarding the occupancy requirement in affect at the exact time they entered the Express Connectors  facility can be avoided. 

3) During the non-operating hours of the connecting HOV lane, minimizes the adverse affect on safety and traffic operations caused by SOV users exiting and then re-entering the HOV facility after the Express Connectors; and

4) Minimizes additional signs by eliminating the need for signs to inform users of the change in Express Connectors operating hours so SOV (and possibly HOV 2 in the future) users either without a valid transponder mounted to their vehicle or a desire to pay a toll can exit the facility.  

From a revenue maximization perspective, a facility operated 24 hours per day, 7 days per week has a clear advantage.  The opportunity cost of not operating 24/7 is expected to be most significant when operating under the following circumstances: 

· general purpose lane blockage caused by an incident or debris, 

· heavy traffic from special event,

· adverse weather conditions, 

· oversize vehicles transport and convoys slow GP traffic flow.

The beneficial affect blockage in the general purpose lanes has on revenue generation may be eliminated if the designated TMC overrides the pricing signs to allow all vehicles to use the Express Connectors without incurring a toll.  When none of the above circumstances apply, the revenue implications are expected to be nominal.  However, the benefit of instilling a sense of value in using the Express Connectors and realizing some revenue contribution, albeit small during off-peak hours, to offset O & M cost with every trip is diminished.

Table 5 presented below provides the hours of operation for other managed lanes operating or planned in or the United States. 

	Route/Facility
	Location
	Status
	Type1
	Weekday Hours of Operation
	Weekend Hours of Operation

	I-394 (MnPass)
	Minneapolis, MN
	Operating
	R

BD
	Eastbound: 6:00 a.m. to 1:00 p.m.

Westbound: 2:00 p.m. to 5:00 a.m.

Eastbound: 6:00 a.m. to 10:00 a.m.

Westbound: 2:00 p.m. to 7:00 a.m.
	Switched to eastbound @ 8:30 a.m.  on Saturday

	State Route 91 (Exp. Lanes)
	Orange Cty, CA
	Operating
	BD
	24 Hours per day
	24 Hours per day

	I-15 (Fastrak)
	San Diego, CA
	Operating
	R
	Southbound: 5:30 a.m. to 12:30 p.m.

Northbound: 1:00 p.m. to 7:00 p.m
Closed after 7:00 p.m. to 5:30 a.m.
	Northbound: 12:00 p.m. (Friday) to 5:00 a.m. (Monday)

	I-10 (Katy Freeway)
	Houston, TX
	Operating
	R
	24 hours (tolled users) 
HOV free: 5:00-11:00 AM & 2:00-8:00 PM                  
	Outbound: 5:00 a.m. to 8:00 p.m. (2+)



	US 290 (Northwest Freeway)
	Houston, TX
	Operating as HOV Facility; Planned Conversion to HOT
	R
	Inbound: 5:00 a.m. to 6:45 a.m. (2+)2
               6:45 a.m. to 8:00 a.m. (3+)2
               8:00 a.m. to 11:00 a.m. (2+)2
Outbound: 2:00 p.m. to 8:00 p.m. (2+)2
	Outbound: 5:00 a.m. to 8:00 p.m. (2+)



	I-25 
	Denver, CO
	Operating
	R
	Southbound: 5:00 a.m. to 10:00 a.m.

Northbound: 12:00 p.m. to 3:00 a.m.
	Northbound 3:00 a.m. (Saturday) to 3:00 a.m. (Monday) 

	I-153
	Salt Lake City-Orem, Utah
	Operating 
	BD
	24 Hours per day
	24 Hours per day

	SR-167
	Seattle, WA
	Operating
	BD
	5:00 a.m. to 7:00 p.m.
	5:00 a.m. to 7:00 p.m.

	I-95 (Exp. Lanes)
	Miami, FL
	Operating
	BD
	24 Hours per day
	24 Hours per day


Notes:

1)    Type of managed facility designated with “R” is reversible, “D” is directional and “BD” is bi-directional.

2) Occupancy restrictions, such as 3+, require three or more occupants in the vehicle to travel in the Managed Lanes, with  only 2+ vehicles allowed to pay a toll for access.  When designated 2+, the facility is not open to SOV.  Facility is open to all vehicle occupancies without any such designation. 

3) Program requires single occupants to purchase a monthly decal to attach to vehicle for usage of the Express Lane in either direction.
Table 5 - U.S. Managed Lane Facilities – Hours of Operation

4.2 BATA Regional Customer Service Center
The Bay Area Transportation Authority (BATA) Regional Customer Service Center (RCSC) will be used to process FasTrak transaction and violation records for SOV users as it currently does for nine toll bridges in the Bay Area. The RCSC is expected to be capable of processing the volume of transaction records generated by the Express Connectors facility with little impact on existing resources. Furthermore, BATA is capable of processing license plate images and associated transaction data as it currently does for the toll bridges. The significance of this opportunity is enhanced with the existence of an interface control document (ICD) that was prepared for the I-680 Express Lane Project. This document will provide the Express Connectors system integrator the framework of the interface to the Toll Data Center (TDC) located at the VTA data center to the RCSC. Interface to the RCSC is expected to significantly reduce back office software development, with a commensurate reduction in the time required to bring the Express Connectors facility on-line.   The RCSC is expected to provide the following services:

· Perform all required FasTrak account management functions;

· Perform customer service functions, including call center operations, storefront for walk-in customers, and Web site and IVR support services;

· Interface to the VTA TDC to allow VTA to send Express Connectors transactions for posting to FasTrak accounts and for receipt of a transponder account status list, toll revenue reports, and customer profile information; 

· Transponder fulfillment services for new accounts and replacement of defective transponders;

· Violation processing services of captured rear license plate images including interface with DMV to obtain registered vehicle owner information; and

· Customer correspondence.

4.3 Audit and System Accountability
Separation of TDC and CSC/account management services provides an important means of checks and balances that assures every trip sent to the BATA CSC/AMS is accounted for as recognized revenue or a reason code that indicates why the transaction/trip could not be processed. The reasons SOV transactions/trips do not result in revenue is routinely validated during audit and reconciliation. To perform this vital function, central processing at the TDC needs to be staffed with people qualified in management, system administration, accounting and administrative/clerical work. If VTA elects to use a service provider for central processing, contract requirements should require compliance with FASB and require procedures that streamline audit processes that are performed on a regular basis to assure the public interest is being served. 

4.4  Title 21 Compliance
Title 21 legislation was established to ensure that any electronic toll collection (ETC) system implemented in the State of California needs to be interoperable with all current and any future ETC systems in the State.  Title 21, as it pertains to the toll industry, is detailed in Chapter 16 of the California Code of Regulations entitled “Compatibility Specifications for Automatic Vehicle Identification (AVI) Equipment”.  This section requires that all AVI (commonly referred to as electronic toll collection (ETC)) equipment installed in the state of California be compatible with the standards and regulations set forth in the code of regulations.  This compatibility specification has been developed around two principal front-end components: a reader and a transponder. The specification defines specific equipment and communications specifications for both the reader and transponder as well as defines the messages and message format that should be communicated between the two devices.  Although Title 21 specifies a read-only communication format, suppliers have built-in read-write capabilities to their products to support various functions. 

Express Connectors System can exploit the Title-21 compliance requirement and a large local base of FasTrak accountholders to reduce the ramp-up time associated with SOV users becoming qualified to use the facility. Furthermore, prospective SOV users who are not an accountholder can easily open an account on-line and receive a transponder kit in the mail or visit any California toll agency customer service center to obtain a transponder kit. In conjunction with the introduction of a switchable transponder capable of flagging a users declared state by means of a switch setting, an operational modification should be made to Title-21 by the California Toll Operators Committee (CTOC) to support on-site enforcement activities. For example, writing the time, date location code and user type code of at least the last two valid transactions to an accessible field in the transponder’s memory so a CHP officer can determine or confirm user status recorded at an upstream toll zone. Furthermore, the switchable transponder should be capable of two distinct audible beeps reflecting the current state of the transponder, thereby allowing the user to change states prior to the toll zone (assumes the read zone precedes toll zone).  The switchable transponder will need to be promoted to prospective users, particularly those who possess a standard FasTrak transponder, as a means of enhancing convenience and safety, in addition to a HOV eligibility requirement for travel on a HOT lane facility.

A planned BATA policy shift that requires HOV users of the toll bridges operated by this Agency to have a switchable transponder provides both an opportunity and a constraint. The opportunity is the potential increase in transponders in circulation, which benefits VTA’s proposed managed lane network.  Conversely, if Express Connectors users are without a switchable transponder, which is more likely to be the case for infrequent HOV users, their FasTrak account will be assessed a toll. This is similar to the case of the switch for a HOV qualified vehicle set in the SOV position when passing through the toll zone. The vehicle will be charged a toll equal to the price displayed just prior to entry, which is likely to be disputed by the accountholder. Customer service man-hours must then be expended to resolve the dispute. If Express Connectors users don’t have a FasTrak account, AB 2032 allows license plate image capture of all vehicles without a transponder that will be assessed an additional fee, possibly including a penalty, via US mail after DMV look-up of registered owner information. 

The existence of exterior mounted transponders results in a System design constraint because the inconvenience of disabling this type of transponder is significantly higher.  This type of transponder is commonly offered to vehicle owners who have a metal oxide windshield or other signal transmission problem.  Approximately 1.5% of Bay area FasTrak accounts handled by the RCSC have been assigned an external transponder.  Although a small percentage of accounts have an exterior mounted transponder, a reliable means of handling these transponders that provides consistent results is desirable.

4.5  Multi-Lane Separation of Express Connectors Alternative 
For southbound I-880 to westbound SR 237 travelers, the existing roadway configuration consisting of the proposed Express Connectors facility entry to the inside (i.e., left) and a directional ramp to westbound SR 237 to the outside (i.e., right) poses a significant constraint in being able to quickly decide to change multiple lanes to reach the outside lane if the facility price is deemed too high.  For frequent travelers, observed price patterns during peak periods will mitigate this problem. However, the facility design must account for infrequent travelers who are interested in using the Express Connectors, but for no more than a certain price, to minimize adverse operational and safety affects. 
4.6  Incident Response and Vehicle/Debris Removal
Lane blockage resulting from an incident or debris the single lane Express Connectors facility, particularly the confined elevated portion, is a constraint to continuous free flow traffic conditions. Timely identification and reporting of an observed problem by Caltrans maintenance staff, CHP, or roadway users, all in conjunction with TMC staff monitoring of existing and proposed CCTV cameras is needed to minimize disruption to traffic operations.  The System must rely on the successful implementation of validated response plans for various events through the actions of the TMC staff.  Adding one or more PTZ camera(s) needs to be considered to supplement the video transmitted from the existing fixed and PTZ cameras within or near the Project limits.  Arrangements are needed with local tow truck companies that can immediately respond to problem.   

4.7  Existing Sign Structures
Existing sign structures provide an opportunity to mount new signs and various ETS and wireless communication equipment, as applicable.  However, this opportunity may result in no useful value to the Express Connectors Project because of a Caltrans requirement to perform a structural analysis using their latest load requirements to confirm the adequacy of the structure to support new loads. The combination of design loads higher than what was used for the original design and ETS equipment loads is expected to result in the removal of the existing structure and design and installation of a new sign structure. An opportunity may still exist to mount a new sign weighing less than the existing sign. Furthermore, the opportunity exists to replace an existing sign with low-weight ETS and wireless communication equipment on an existing structure if it fits within the design concept and a structural analysis confirms the adequacy of the original design.  For instances where an existing sign panel needs to be replaced, the expectation is the sign structure will be replaced to meet the latest Caltrans loading requirements as determined by a structural analysis that complies with applicable codes. All new structures will be designed to handle possible ITS and ETS equipment loads.

5. Alternative Analysis 

5.1 Structures
A small communication building or roadside cabinet is needed at each transponder read zone to house a reader, lane controller, electronics, communication gear, and electrical equipment including UPS. A roadside cabinet is more commonly used because of a lower cost and portability. A small communication building costs more and is not portable but provides higher security, durability and more floor space. Both structure types must be protected by barrier or guardrail unless installed outside the roadway clear zone. 

Physical implementation of a managed lane facility providing ETC involves installation of either a gantry or bridge structures above HOT and general purpose lanes or a cantilever structures above non-barrier separated HOT lanes and associated ingress ramps and HOV lane transitions. For ETC based on RFID technology, the cantilever mast arm often extends above the adjacent general purpose lane. Gantry or bridge structures provide greater wind stability, which is particularly desirable for image quality from overhead license plate image capture cameras. Wind and deflection performance can be improved for cantilever structures by increasing the cross sectional area of the members. As one would expect, cantilever structures have a lower foundation construction cost than bridge or gantry structures. With a lower overall cost, particularly related to materials cost and moderate span lengths, cantilever structures are recommended for mounting ETS equipment and all required Express Connectors overhead signs.

Figure 9 shows structures from Caltrans Standard Plans S31 (tubular) and S101 (changeable message sign truss) that can be used to mount Express Connectors ETS equipment and signs.  Although the tubular design is more aesthetically pleasing, the truss cantilever structure shown in this figure provides the flexibility needed to handle multiple sign and equipment layouts and can be fabricated in a “T” configuration.

[image: image9.wmf]
Figure 9 - Caltrans CMS Truss and Vertical Post Tubular Cantilever Support
Structure

Figure 10 shows a cantilever structure in a “T” configuration. This structure will support combined antenna and transceiver units as well as cameras and lights related to license plate image capture for the Express Connectors facility at the selected toll/read zones. The structures shown in this figure is based on implementing a toll/read zone at the same location for both travel directions. The advantages of this approach are the following:

1. reduces overhead support structure costs;

2. eliminates the need for two roadside cabinets, which in turn simplifies maintenance;

3. reduces power and communication cabling;

4. allows selection of the most favorable side of the Express Connectors facility for installing the roadside cabinet relative to access, power, communications, and protection of equipment within the clear zone; and

5. reduces structure and equipment clutter and visual distractions along the facility.
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Figure 10 - Toll/Read Zone Equipment “T” Support Structure

Alternatively, Figure 11 shows a cantilever structure that could be installed at toll/read zones separately located in each direction of travel. This structure is used to mount two transaction status indicator lights in conjunction with a combined antennae and transceiver unit and cameras and supplemental lighting for use by the CHP in identifying valid SOV and HOV transactions as well as support an automated violation enforcement subsystem to identify violators (i.e., not recognized by the System as authorized users).  The mounting location of the transaction status indicator lights is for illustrative purposes only.  Although  not shown, this structure may also be used to install a sign that advises users of the distance to the end of the Express Connectors facility. The advantages and disadvantages of separating the read zone locations so each follows a toll zone versus combining the read zones at one location using a “T” structure identical to the proposed toll zone structure will be analyzed below. 

[image: image11.emf]
Figure 11 - Read Zone Equipment Cantilever Support Structure

Figure 12 shows a structure that supports a sign that will be installed to advise eastbound SR 237 travelers and southbound I-880 travelers of the distance to the Express Connectors access location.  This information is particularly useful to SOV users who are not qualified for travel in the preceding HOV lane but are interested in reducing their travel time.  The same structure will be used to mount the pricing sign consisting of a static, fixed panel sign with variable display modules inserted in a cut-out to show the current price and messages such as “HOV ONLY” and “CLOSED”.
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Figure 12 - Sign Cantilever Support Structure

5.2 Read Zone Location
The three alternatives for locating a proposed read zone in each direction are the following:

1. Locate the read zone for one direction of travel and the toll zone for the other direction of travel at the same location using the same “T” structure, and configured so the toll  zone is located downstream of the read zone. The structure closest to SR237 will be installed where the probability of a cross lane read is very low;

2. Locate the read zones on a cantilever structure downstream of the toll zone for each direction of travel and where the probability of a cross lane read is very low;

3. Locate the read zones on a cantilever structure upstream of the toll zone for each direction of travel and where the probability of a cross lane read is very low.

The advantages and disadvantages of these alternatives are presented Table 6 below:

	Alternative
	Advantages
	Disadvantages

	1

Co-locate read & toll zone on a “T” structure & locate toll zone after read zone in each direction.
	Allows selection of the most favorable side of the Express Connectors facility for installing the roadside cabinet relative to access, power and communications connections, and protection of equipment within the clear zone;
	May require long mast arms and or higher pole (for the structure nearest SR237)to install antenna unit such that the probability of a cross lane read is very low for both directions. 

	
	Eliminates the need for two roadside cabinets which in turn simplifies maintenance;


	Provides opportunity to combine read zone with a sign informing users of the distance to the end of the facility in the SB to WB direction only.

	
	Reduces power and communications conduit and cabling as well as overhead support structure materials and cost;
	Offers lowest flexibility in optimizing location of enforcement observation area for both directions, particularly if a location must be changed in the future.

	
	Reduces structure and equipment clutter and visual distractions along the facility.
	

	
	Use of toll/read zones as a surrogate/supplement for vehicle detectors is maximized by installing at each  end of the facility.
	

	
	Downstream location of toll zone provides better indicator of falling speed, particularly useful when facility vehicle detector data is unavailable for SB to WB travel where there are recurring bottleneck at Zanker Road.  
	

	2

Locate read zones on a cantilever structure downstream of toll zone for each direction 

	Downstream location of toll zone provides better indicator of falling speed, particularly useful when facility vehicle detector data is unavailable for SB to WB travel where there are recurring bottleneck at Zanker Road.   
	Requires two roadside cabinets (i.e., one for each cantilever read zone) which eliminate some maintenance efficiency.

	
	Same logic applies to calculating travel time and speed in each direction
	Higher power and communication conduit and cabling as well as overhead support structure materials and cost;

	
	Offers flexibility in selecting an observation area location, both initially and in the future.
	Increases structure and equipment clutter and visual distractions along the facility.

	
	Provides opportunity to combine read zone with a sign informing users of the distance to the end of the facility, including notice to SOVs to exit, as applicable.
	Based on the toll zone located on I-880, use of read zones as a surrogate/supplement for vehicle detectors is greatly diminished by only measuring I-880 traffic for NB I-880 traffic.

	3

Locate read zones on a cantilever structure upstream of the toll zone for each direction of travel
	Same logic applies to calculating travel time and speed in each direction
	No clear advantage to using the read zone structure to also support an advisory sign.

	
	Offers flexibility in selecting an observation area location, both initially and in the future.
	Higher power and communication conduit and cabling as well as overhead support structure materials and cost;

	
	
	Increases structure and equipment clutter and visual distractions along the facility.

	
	
	Requires two roadside cabinets (i.e., one for each cantilever read zone) which eliminate some maintenance efficiency.

	
	
	Based on the toll zone located on I-880, use of read zones as a surrogate/supplement for vehicle detectors is greatly diminished by only measuring I-880 traffic for SB I-880 traffic.


Table 6 - Read Zone Location Alternative Comparison

5.3 Central Processing Transaction Handling Process 
Express lane facilities commonly have multiple toll zones where transactions are recorded and sent to a TDC server where transaction records containing the same transponder ID are combined into a trip, subject to a maximum time difference on consecutive transactions. The trip is then assigned a price that the System determines the user viewed when entering the facility, usually by applying rules that result in the lesser of two possible tolls displayed closest in time to the System calculated entry time.  For the Express Connectors, all transaction records built will be sent to TDC at the VTA Data Center in near real time. Since only one toll zone in each direction is planned, a trip building process is not needed. Given the expectation the Express Connectors facility will eventually be expanded by conversion of existing SR 237 HOV lanes to HOT lanes to Mathilda Avenue, the following are two alternatives for handling transactions for this Project: 

1. Develop, test and install a System that effectively functions as a closed, single lane “ticket system” processing entry and exit ETC transactions and license plate images for HOV and violators and consolidating this data into a single transaction record at the toll zone only. 

2. Develop, test and install a System that initially builds trips using the transaction records from the two zones (i.e., toll and read zone), with capability to add zones and ingress and egress locations and includes a license plate image capture process for handling HOV users and violators.  
The advantages and disadvantages of these alternatives are presented in Table 7 below:

	Alternative
	Advantages
	Disadvantages

	1

Process entry & exit transactions and consolidate into a single transaction at the toll zone
	Lower System procurement cost expected because more system integrators can customize their existing toll system core product to deliver a compliant System; no competitive advantage given to integrators who have implemented a managed lane system. 
	Significant software modification (e.g., add trip build process, modify interface) required to support future facility expansion including additional ingress and egress locations and associated toll zones and pricing signs.  (Note: the intent is to replace with the US101 and SR85 Hot Lane Software)

	
	Elimination of trip build process simplifies software and allows customization of a time tested core product expected to have less software deficiencies.
	Will require maintenance support for two TDCsoftware products given the expectation future VTA managed lane implementations will include multiple toll zones to support intermediate access.

	
	Simplifies interface with BATA RCSC which was designed to process individual plaza ETC transactions in near real-time.
	

	
	If facility expansion does not occur within 10 years, it is expected the maximum possible benefit of a simplified design will have been realized.  
	

	
	Reduces time and complexity of software and System testing, consistent with an expedited implementation schedule
	

	2

System that builds trips with capability to add future zones and ingress/ egress locations


	If facility is expanded within 7 years, including more ingress and egress locations with related toll zones and pricing signs, the benefits of a simplified design may not be realized.
	Because of increased functionality and associated complexity, as well as less system integrators with a stable TDC product for a HOT lane facility, a higher System procurement cost is expected.

	
	Maintenance support can be effectively limited to a single product with different configurations to meet facility requirements.  
	More time required to complete software and System testing given the additional future functionality and greater probability of software deficiencies because of increased complexity.

	
	Opportunity exists to use the same TDC product for other VTA managed lane facilities if support for expected future functionality is included, thereby significantly reducing future software design and development costs. 
	Difficulty in fully testing some future capabilities may result in the need for significant upgrades when product is used for a facility with multiple toll zones.

	
	
	State-of-the-art when design and development for a facility with multiple toll zones occurs may necessitate unanticipated software modifications.


Table 7- Comparison of TDC Transaction Handling Alternatives
5.4 Express Connectors - GP Lane BufferA buffer zone consists of pavement markings that may be supplemented by raised markers or channelizers/pylons. The MUTCD specifies the use of a double solid white line in areas where crossing is prohibited.  Each white line is commonly eight (8) inches wide and the minimum separation between the lines is eight (8) inches.   The FHWA Report titled A Guide for HOT Lane Development supports preference for a four (4) foot wide buffer with a two (2) foot buffer given as a minimum.  To delineate ingress and egress locations where crossing is permitted, Section 3B.23 of the 2003 MUTCD recommends using double solid wide white lines for full time concurrent lanes and single broken wide white lines where entry and or exit movements are permitted. A wide white line is interpreted to be eight (8) inches. 

Caltrans supplement to Section 3B.23 of the latest MUTCD amended September 2006 references the DOT HOV Guidelines and Ramp Meter Design Manual. This manual specifies the use of double solid wide yellow lines for the buffer between HOV and general purpose lane. The use of yellow lines is expected to offer greater deterrence to HOT lane ingress and egress outside of designated access locations.  Figure 13 shows Caltrans typical pavement marking detail for buffer separated HOV facilities. Caltrans Detail M-9 is proposed to be used for the SR 237/I-880 Express Connectors Project.
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Figure 13 - HOV Guidelines - Buffer Pavement Marking Detail

Buffer zones supplemented with flexible channelizers or pylons can effectively reduce lane violations into and out of HOT lanes and thereby improve traffic operations without placing any restrictions on the movement of emergency vehicles.  Three foot high pylons spaced at twenty (20) feet are consistent with Caltrans’ use on some HOV facilities.  The three pylon systems most commonly used by DOTs are the following: 

1. Individual plastic pylons attached to the roadway with adhesive;
2. Pylons affixed to a mountable plastic raised curb; and
3. Electronically operated pylons that retract into the ground.
The pylon system attached to the roadway surface with adhesive is traditionally used for managed and HOV lanes.  The pylons will restore to their original form after being hit by a vehicle but only after a limited number of times and if the impact force isn’t sufficient to dislodge the pylon from the pavement.  The displacement rate for traditional pylons has been reported to be roughly ten (10) percent every 60 to 90 days, which translates to full replacement every year. This statistic is based on performance in regions where snow plowing is common during the winter months.  The pylons attached to four inch high mountable raised curb are re-boundable and bounce back into place if they are hit without incurring any damage or causing any damage to the impacting vehicle.  Commonly used in construction zones, this pylon system has not been used in any HOT Lane environments.  

Retractable pylons use flexible channelizing posts housed in self-contained sleeves recessed in the roadway that can be electronically raised or lowered from a remote location. The primary advantage of this pylon system is the ability to lower the pylons during snow plowing operations and for use in reversible lane delineation.  However, the capital and maintenance costs are very high relative to the two other pylon systems. 

A physical separation between the general purpose lanes and HOT lanes is typically accomplished by the permanent installation of concrete barrier or the use of moveable concrete barrier. Physical barriers provide better ingress control and are more effective at reducing violations and maintaining premium traffic operations performance. Beneficial outcomes of reduced lane violations are enhanced safety and improved traffic flow manifested by limiting ingress and egress to only designated locations having a transition lane. This is particularly important when there is a high speed differential between the general purpose lanes and HOT lanes. Physical separation for a single lane facility is not recommended because of the increased difficulty and time involved in removing vehicles and debris. Although the elevated portions of the Express Connectors requires barrier along the outside edge of shoulder, continuation of barrier along portions of SR 237 to the west and I-880 to the north of the intersection is not recommended.  Furthermore, installation of channelizers/pylons are not recommended because of maintenance costs, but the option to install at a later date if a problem with illegal buffer crossing persists should be retained.  A significant capital outlay would not be required to install channelizers/pylons along the un-elevated portions of the Express Connectors and the increase in maintenance costs may be less than increased CHP enforcement costs. Most importantly, there can be no justification for any expenditure until operating performance clearly demonstrates a problem.
5.5 Vehicle Detection
Accurate vehicle detection is required to generate raw traffic data for input to a pricing algorithm that continuously calculates the price for SOVs to use the facility such that free flow conditions are maintained. New vehicle detectors will be installed along the Express Connectors in each direction at approximately 1/2 mile spacing.  Agencies have implemented a managed lane system that collect traffic data in the general purpose lanes for the purpose of pricing the managed facility based on time saving relative to the GP lanes or as a means of validating managed lane traffic data by correlating traffic trends.  The later process also adds redundancy to the System by allowing operations to continue if controller communications for the managed lane fail.  Given an Express Connectors pricing scheme objective of maintaining free flow conditions, three alternatives for supplementing and adding redundancy to Express Connectors collected traffic data are the following:
1. Install non-intrusive vehicle detectors (e.g., RTMS) to collect traffic data in all travel lanes at locations that are coincident with each Express Connectors vehicle detector,

2. Install a read zone in each direction and use vehicles with valid transponders as probes to calculate travel time and speed in the Express Connectors between the toll and read zones.  

3. Rely on existing vehicle detectors installed in the GP lanes to extrapolate travel conditions in the Express Connectors.  

The advantages and disadvantages of these alternatives are presented in Table 8 below:
	Alternative
	Advantages
	Disadvantages

	1

Install non-intrusive Veh. Det.

Measure Flow in all Lanes. 
	Traffic data can be simultaneously collected in each GP lane and the Express Connectors lane by a single sensor, providing a means to validate and supplement the vehicle detector data collected in the Express Lanes, particularly important when VDS data is not available for input to the pricing process. 
	Studies have shown some degradation in performance of radar based sensor technology in slow moving congested flows that may result in over counting vehicles (note: in-pavement vehicle detectors tend to undercount in bumper to bumper traffic) 



	
	A non-intrusive, roadside-mounted vehicle detector eliminates any disruption to traffic, which is inherent to replacing an in-pavement sensor and associated wiring.
	Radar based sensors may need to be periodically recalibrated to correct drift in accuracy.  

	
	Collection of GP lane traffic data allows the validation of traffic speed and density trends calculated in the Express Connectors by comparing to calculated traffic data trends in the GP lanes, which are a precursor. 
	Poles used to mount a radar based sensor need to be protected by guardrail or barrier, assuming installation off the right shoulder in each direction of travel.

	
	
	Power and communication is required for each radar based sensor installed just beyond the outside shoulder in each direction of travel.

	2

Use veh. tags as probes to record to calculate speed & travel time.


	In addition to providing a reliable means of calculating travel time and speed when combined with toll zone data that can be input to the pricing process, a toll/read zone located closest to SR237 is expected to eliminate cross lane reads and support an advisory sign, where applicable. 
	Maintenance of the read zone equipment installed on a “T” or cantilever structure requires temporary placement of traffic control devices and likely the closing the Express Connectors. 



	
	Calculated traffic data is immune to the speed and density of the traffic stream, unlike the majority of commercial vehicle detectors.
	May require boring/jacking conduit under the GP lanes and Express Connectors to route power and communication from a roadside cabinet to a cantilever or “T” structure.

	
	Because of high accuracy, lower volumes of transponder equipped vehicles will not degrade performance, assuming the presence of at least one such vehicle during the pricing change interval.
	Structures and roadside cabinets add clutter to the facility’s appearance. (Note: This can be mitigated by a “T” structure which reduces by half the number of structures and roadside cabinets; maximizing utility of the structure by mounting an advisory sign reduces clutter for all structure types)

	3

Rely on existing vehicle detectors installed in the GP lanes to extrapolate travel conditions in the Express Connectors.
	Avoids incurring any additional cost to install detectors for validating Express Connectors traffic speed and density trends by comparing to the same trends in the GP lanes based solely on VDS installed within the Project Limits. 


	Existing vehicle detectors (loops) are only located at the North First St and Zanker Road on and off ramps for SR 237 and the Dixon Landing Road on and off ramps for I-880, in addition to the SR 237/I-880 interchange.

	
	By maintaining an historical moving average of scale factors derived by dividing Express Connectors traffic statistics by GP lane traffic statistics during weekday/weekend peak, shoulder and off-peak periods for SR 237 and I-880,  GP lane traffic data can be adjusted for input to the pricing process when Express Connectors traffic data is unavailable.


	Maintenance of the existing GP lane vehicle detectors requires traffic control devices to temporarily close a lane.  (Note: agreement with Caltrans for VTA to assume the maintenance of the in-pavement vehicle detectors installed within the Project Limits will assure timely maintenance.) 

	
	Existing health of the vehicle detectors installed within the Project Limits ranges from approximately 80% to 100% according to the PeMS database.
	Requires center to inside GP lane VDS data within the Project limits to be parsed by PeMS or VTA prior to input to a process within the pricing module.  

	
	
	Calculation of traffic data trends for both GP lanes and Express Connectors by a process within the pricing module over configurable time periods adds complexity to the software. Converting historical GP lane trends to Express Connectors pricing module input data for discrete traffic periods when the facility VDS is not available further adds to complexity


Table 8 - Comparison of Alternative Vehicle Detection Methods for Validation and Redundancy 

5.6 Vehicle Data Collection, Communication and Processing 
To successfully implement dynamic pricing on the Express Connectors facility, new vehicle detector stations (VDS) must be installed at close spacing to accurately measure facility speed and density for input to a dynamic pricing algorithm that continuously calculates SOV pricing. The objective of the pricing is to maintain free flow conditions along the Connector by discouraging SOV users from entering the facility as speeds decreases and density increases.  Given an existing Caltrans fiber optic network node located within the SR 237/I-880 interchange and the presence of a local exchange carrrier, three viable alternatives for the source of this critical VDS data that is input to the pricing process are the following:

1. Collect Express Connectors traffic data using vehicle detectors connected to a roadside traffic controller installed at each station, and send raw data via a leased line from a local carrier to VTA Data Center, where it is preprocessed for input to the pricing algorithm, 

2. Collect Express Connectors traffic data using vehicle detectors connected to a roadside traffic controller installed at each station and send raw data using point-to-point wireless communications (i.e., by means of a laser or microwave solution not requiring FCC license) to VTA’s Cerone facility, and then route to  VTA Data Center via an existing leased line (i.e., T1),

3. Collect Express Connectors traffic data using vehicle detectors connected to a roadside traffic controller installed at each station, daisy chain using wireless or fiber optic cable to a Caltrans ITS Infrastructure node where the raw data is first routed to PeMS for parsing and combining with existing Caltrans mainline VDS data within the Project limits before being sent to VTA Data Center via a leased line. 

The advantages and disadvantages of these alternatives are presented in Table 9 below:

	Alternative
	Advantages
	Disadvantages

	1

Use vehicle detectors connected to a traffic controller installed at each station, to send raw data via a leased line to VTA Data Center
	Results in lowest data latency when transmitting from traffic controllers to nearest toll zone or read zone controller and then to VTA data center via local exchange carrier/ public network.  Simplified communications is expected to increase availability.  
	If transaction processing at the TDC does include trip building with the expectation this software will be reused on other facilities with multiple toll zones and PeMS functionality for parsing data and detector status monitoring is built-in, two software versions will need to be supported. 

	
	Very high availability at a lower recurring communication expense can be realized if fiber optic cable is used to interconnect a read or toll zone with traffic controllers located reasonably close.
	By processing traffic data locally, benefits derived from transmitting raw data in the specified format to PeMS via the Caltrans network to capitalize on the existing detector health monitoring functionality and to expand the existing open data source for analysis and reporting are forfeited. 

	
	Assuming the selected means of transaction processing at the TDC does not include trip building, the software will not be reused at a facility with multiple toll zones and where PeMS provides the most efficient means of pre-processing data collected from existing and new VDS. 
	If future expansion of the facility involves upgrading or replacing the TDC software with software that relies on PeMS for parsing and pre-processing all collected raw vehicle detector data, data rerouting and interface work that could have been avoided will be required. 

	
	
	Highest recurring monthly communication expense that will significantly affect the O&M budget. 

	2

Use vehicle detectors connected to a traffic controller installed at each station and wireless comm. to Cerone, where  T1 line is used to send raw data to  VTA Data Center
	Maximizes use of existing VTA infrastructure and communication agreements that will minimize implementation cost.  
	Solution is contingent on availability of unused capacity at the Cerone facility to transmit the collected raw traffic data to the VTA data center.

	
	Lower data latency when transmitting from traffic controllers to nearest CCTV pole or toll or read zone structure and then to the Cerone facility before transmission to the VTA data center via the public network.  
	Wireless communication is: not as secure and reliable as fiber optic transmission, expected to require use of existing Caltrans structures (e.g., CCTV poles) to achieve line-of-sight, and multiple point-to-point communication links reduces subsystem reliability.  

	
	Availability and reliability of this communication solution is not dependent on Caltrans for assuring timely and consistent maintenance. 
	Third party contractor will be needed to maintain the wireless communication equipment and monitor the adequacy of the structures to which this equipment is mounted.  

	3

Use vehicle detectors connected to a traffic controller, daisy chain to a Caltrans fiber backbone node & route to PeMS,  where  data is parsed and combined with ML data before being sent to VTA Data Center
	Maximizes use of PeMS existing software functionality for parsing data and tracking the health of vehicle detectors, which can be a component of a VTA maintenance management program.
	Highest data latency expected when routing data from a field traffic controller to switch/router at the Caltrans TMC, than to PeMS and finally to VTA data center. Must rely on timely and consistent Caltrans maintenance of the communication network.

	
	Best suited for minimizing future modifications needed to accommodate expansion of the Express Connectors facility that will rely on PeMS for pre-processing and parsing of raw data from new and existing vehicle detectors used in the pricing process. 
	Contingent on existing unused capacity on the Caltrans fiber network to transmit the traffic data and Caltrans agreeing to provide the needed bandwidth to transmit traffic data for the life of the facility. Delays would jeopardize the opening of the Project and adversely affect VTA credibility.

	
	Maximizes the time for establishing PeMS as the primary source of raw traffic data for all network facility pricing algorithms and for stabilizing the PeMS interface with a HOT lane facility so future implementations will realize the benefit.  
	Increase in transmission equipment and terminations involved in routing traffic data from the field to VTA data center via Caltrans TMC is expected to lower availability of the communication subsystem.


Table 9 - Alternative Sources of VDS Data Input to Central Processing
5.7 Alternative mehtods of Handling HOV UsersThe Express Connectors will apply the same HOV occupancy requirements currently used for the interconnecting HOV lanes, which is two or more persons per vehicle, motorcycles, transit buses, hybrids, and inherently low emission vehicles (ILEVs) with a Department of Motor Vehicle (DMV) issued decal. Allowed vehicles include all two axle passenger cars and all transit and courtesy vehicles regardless of axle count. Four alternatives for accommodating HOV use of the Express Connectors facility without incurring a toll are the following:

1. Allow vehicles meeting HOV eligibility requirements to use the facility without applying for and obtaining a transponder and require any existing FasTrakTM transponder be disabled by a special device, switch or removed and shielded; 
2. Require passenger car and commercial passenger transport vehicles to procure a special transponder with a built-in switch that allows the user to switch between an HOV or SOV status without removing the transponder from the windshield.  Prospective HOV users with an existing FasTrakTM transponder will be required to replace their transponder with a new switchable transponder to be eligible to use the facility without incurring a toll. 

3. Require passenger car users who primarily intend to use the Express Connectors facility when their vehicle qualifies for HOV status to apply for and obtain a FasTrakTM transponder pre-registered for a HOV user. Prospective HOV users who already have a transponder would need to register their transponder online with a HOV status. To use the facility as an SOV, the System would allow the user to temporarily change their registered status online before traveling. The temporary status would automatically revert back after a configurable time period if not changed back sooner by the user. The initial cost of the transponder could be refunded after a specified number of trips, all with an HOV status, are recorded within a specified time period.  After transponder deposit reimbursement the HOV user could accumulate credits for use when traveling with a SOV status.
4. Require passenger car users who primarily intend to use the Express Connectors facility when their vehicle qualifies for HOV status to register their license plate number along with other vehicle owner information once online. Any mounted interior transponder would need to be disabled. Users with an external transponder would also need to register on-line. To use the facility as an SOV, the user would need to open an account and mount a FasTrakTM transponder to the vehicle.  Users with an external “HOV registered” transponder would need to temporarily change the transponder to SOV status. The in-lane reading of a transponder will always result in the assessment of a toll when using the facility, except for a “HOV registered” external transponder, for which the current status applies.  Non-use of the facility by a registered HOV user for a configurable time period will result in deletion of the license plate record and notification by email and or US mail.

The advantages and disadvantages of these four alternatives are shown below in Table 10.
	Alternative
	Advantages
	Disadvantages

	1

No change for HOV users except disabling any transponder mounted to vehicle
	Places no use restrictions beyond meeting the HOV occupancy requirement, thereby encouraging greater HOV usage, particularly for non-local, casual and infrequent users.
	Less effective in contributing to greater transponder penetration, which can potentially increase revenue by removing constraints to traveling as SOV as the need arises.  



	
	Places no new requirements on HOV users when transitioning from the existing HOV facility to the managed Express Connectors.
	Significantly increases difficulty of CHP enforcement by requiring confirmation of a transponder and the number of occupants.

	
	
	Deployment of an automated violation enforcement system without provisions for automated occupancy monitoring is not feasible because HOV and SOV violators cannot be distinguished.   

	
	
	Violators and HOV users cannot be measured, only SOV users with a valid tag and the residual group of violators and HOV users can be measured and reported.

	
	
	Removal of the transponder from a pouch and placing it on the windshield while driving can be hazardous and contribute to an accident. There is no convenient way to disable external tag (vehicles with metal oxide windshields)

	
	
	Violation incidents cannot be measured and tracked to identify day and time when an enforcement detail will be most effective.

	2

Procure and exchange existing transponder for a special transponder with a built-in switch allowing users to switch between an HOV or SOV status.
	Maximizes user convenience in changing occupancy status from HOV to SOV and then back.
	All prospective HOV users are inconvenienced by either exchanging an existing transponder or applying for a new higher priced transponder than the one used by an exclusive SOV user. 

	
	Minimizes user distraction inside the vehicle when changing occupancy status by means of a switch
	Switchable transponder is of no value for vehicles with a metal oxide windshield or that currently require an exterior mounted transponder, 

	
	Fully supports the deployment of an automated violation enforcement system that can be used to mail citations to any vehicle without a transponder.
	Provides opportunity for SOV user to switch between tolled (SOV) and un-tolled (HOV) states, depending on the presence of the CHP.

	
	Usage by the three user groups (i.e., SOV, HOV, unauthorized user/violators) can be measured and reported (Note: occupancy violation when in HOV mode must be detected by visual inspection).
	Has the highest probability of public opposition because of the inconvenience it causes to users who travel the facility exclusively as HOV and as a continuation of the connected HOV lane.

	
	Simplifies CHP vehicle occupancy enforcement by focusing only on vehicles claiming HOV status as identified by a transaction status indicator light.
	Places a use restriction (i.e., a switchable transponder) on valid HOV users, potentially discouraging greater HOV usage. Non-local, casual and infrequent HOV users are most likely to be affected.

	
	Assuming transaction records with a HOV flag are not forwarded to BATA RCSC, interface is simplified and data processing and storage requirements are reduced by approximately half. (Note: must address user preference for a statement or Web site window that lists info on paid and unpaid transactions)
	HOV user without a transponder must enroll in the FasTrak Program and make a deposit to establish an account balance along with providing a credit card number to obtain a special transponder. 

This is expected to include commercial passenger transport vehicles.  

	
	Violators without a transponder can be tracked and day and time identified when an enforcement detail will be effective. Usage pattern of users with many violations can be established to target a particular violator. 
	Until build-out of HOT Lane network, switchable transponder availability may be limited to BATA RCSC and designated retail stores; no historical data is available for balancing demand and inventory to minimize inventory carrying costs.

	3

Require users who primarily use facility with HOV status to obtain a HOV pre-registered transponder or register their transponder online. For facility use as a SOV, users temporarily change their registered status online prior to traveling.
	Capitalizes on the current population of FasTrak   users who would otherwise remove their transponder when qualifying for HOV status, possibly in-route.
	New requirement placed on HOV users when transitioning from an existing HOV facility to the Express Connectors facility and may encounter public resistance.

	
	Fully supports the deployment of an automated violation enforcement system that can be used to mail citations to any vehicle without a transponder.
	Places a use restriction (i.e., a  transponder) on valid HOV users, potentially discouraging greater HOV usage. Non-local, casual and infrequent users are most likely to be affected.

	
	Violators without a transponder can be tracked and day and time identified when an enforcement detail will be effective. Usage pattern of users with many violations can be established to target a particular violator.
	Requires accessing the Web site to temporarily change registered status, which may discourage use as an SOV (Note: a slight reduction in demand this may be a benefit for a single lane facility during peak periods of travel)

	
	Usage by the three user groups (i.e., SOV, HOV, unauthorized user violators) can be measured and reported (Note: occupancy violations for HOV status transponders must be detected by visual inspection).
	Accounting for the transponder’s registered status is expected to require software changes to interface with BATA RCSC and complicates the TDCsoftware. Additional RCSC storage required for HOV records.  (Note: this is a one-time fix for all facilities)

	
	Effective in contributing to greater transponder penetration, which is expected to increase usage of Express Connectors facilities when traveling as a SOV, thereby increasing revenue. 
	HOV user without a transponder must enroll in the FasTrak Program and make a deposit to establish an account balance and provide a credit card number to obtain a transponder 

This is expected to include commercial passenger transport vehicles.  

	
	Simplifies CHP vehicle occupancy enforcement by focusing only on vehicles registered as HOV as identified by a transaction status indicator light. 
	

	4

Require users who primarily use facility with  HOV status to register their license plate number  and other vehicle information once online.  To use the facility as an SOV, the user would open an account and mount a  transponder to the vehicle.
	Fully supports the deployment of an automated violation enforcement system (without provisions for automated occupancy monitoring) that can be used to mail citations to any vehicle without a transponder or registered license plate.
	Accounting for the user’s license plate registered status is expected to require software changes to interface with BATA RCSC and complicates the TDCsoftware.(Note: HOV transactions are not expected to be forwarded to RCSC, thereby not adding to RCSC storage capacity.)

	
	Violations can be tracked and the day and time identified when an enforcement detail will likely be most effective.
	OCR latency must be minimal to assure the system can handle the worst case scenario of continuous HOV users at LOS E (based on no HOV entry restrictions)

	
	Usage by the three user groups (i.e., SOV, HOV, unauthorized user violator) can be measured and reported (Note: occupancy violators for HOV transactions must be detected by visual inspection).
	New requirement (i.e., registered license plate) placed on HOV users when transitioning from an existing HOV facility to a HOT lane facility.

	
	Simplifies CHP vehicle occupancy enforcement by focusing only on vehicles registered as HOV as identified by a transaction status indicator light. 
	Considerably less convenient to temporarily disable external mount transponder when qualifying for HOV status.

	
	Places minor restriction (i.e., one time registration of license plate) on valid HOV users, expected to have minor impact on HOV usage. Affect on non-local, casual and infrequent HOV users can be mitigated by sending warning letter after initial citation that provides instructions for future use. 
	Removal of the transponder from a shielded pouch and placing it on the windshield while driving can be hazardous and contribute to an accident.

(Note: the reading of a transponder will always result in a SOV transaction, regardless of license plate registration.) 

	
	License plates images from which OCR is unable to extract characters will be saved for manual extraction by back office staff and correctly recorded as HOV or violator.
	


Table 10 - Comparison of Alternative Approaches to Handling HOV Users

Although the above table provides many advantages and disadvantages for each of the four alternatives for handling HOV users, a dissection of the key issues that need to be addressed as a condition of establishing a preferred alternative are the following:

1. level of dissatisfaction expressed by existing HOV users in having to make a deposit to open an account and obtain a transponder to use the converted facility, 

2. likelihood CHP enforcement efforts will ultimately need to be supplemented due to high violations (initialing by automated VES, followed by automated occupancy detection),

3. expansion of CHP enforcement operations degrades free flow conditions and causes further disruption to congested GP lanes,

4. sufficient budget to expand CHP enforcement, 

5. potential liability if a driver causes an accident while removing their transponder from a shielded pouch and attaching to the windshield, 

6. finding a reasonable means of accommodating status change for exterior mounted transponders, and

7. handling V-tolls for missed special transponder reads without knowing the declared state (i.e., switch position) when the transaction was recorded.  

Convincing HOV users of the gains in System operational performance by obtaining a transponder would significantly improve the standing of alternatives 2 and 3. These alternatives are further enhanced if central processing can apply a filter to only transmit SOV and violation transactions to the BATA RCSC. Requiring HOV users to establish a paid FasTrakTM account and obtain a special (or standard) transponder is consistent with the BATA Concept of Operations document, which has been endorsed on a region-wide basis. 

The subsection below further addresses the concern with the driver mounting (or removing) an interior mounted transponder while in-route after removing it from (or placing in) a shielded pouch. This is applicable to Alternatives 1 and 4 in Table 10. 

5.8 Transaction Mask – Shielding Transponders  
If HOV users are required to register their license plate or are neither required to install a transponder nor register their license plate, a means of disabling a transponder is needed for those users who have a valid FasTrakTM transponder with an active account installed on their vehicle. This situation can be mitigated by adopting a policy that discourages owners of vehicles normally operated with a HOV status from traveling the Express Connectors as a SOV, depending on revenue implications. When a user qualifies for HOV status, windshield mounted FasTrakTM transponders can be removed, temporarily placed in a shielded pouch and then replaced by the user when wanting to use the facility as a single occupant.  A transponder with a switch mechanism, as is the case with the TDMA transponder used on the I-394 MnPass Project in Minneapolis, is the preferred method so the state of the transponder (e.g., enabled, disabled) can be conveniently and quickly changed without the need to remove it. Unfortunately this solution would require some Express Connectors users to have two transponders mounted to their vehicle and use of a multi-protocol reader to read both Title 21 and TDMA transponders. Both current suppliers of FasTrakTM transponders claim to have a prototype of a RFID transponder containing a switch to conveniently change the operating mode. Given no such product is currently in use, the distribution network would need to be extensive with attractive incentives offered to avoid a major impediment to maintaining HOV volumes even close to those experienced prior to conversion. A design that avoids removal of the transponder and placement in a shielded pouch should be pursued to avoid a potentially hazardous distraction to the driver. External transponders, needed if the vehicle has a metal oxide windshield or one that otherwise prevents the transmission of an RF signal, complicates the use of a switch to change operating status. Since the external transponder is typically mounted a to the license plate frame, disabling it for eligible HOV status is problematic without increasing the transponder’s vulnerability to theft and damage.  Requiring Express Connectors users with an external transponder to register their primary status one-time on-line and then allowed to temporarily change their status on-line provides a viable solution. Although this approach blends well with requiring HOV users to register their license plate as a condition of using the facility without incurring a toll, it can also be used with a solution that requires a transponder (switchable or not). The System Integrator RFP can be used as a means for obtaining a creative tag disabling device solution for handling transponders mounted inside the vehicle that minimizes user distraction. 

5.9 Dynamic Pricing Traffic Performance Parameter
For dynamic pricing to successfully maintain traffic flow to assure a discernable travel time advantage relative to the GP lanes at all times, a traffic performance measure must be adopted that the System can consistently and reliably use to affect timely changes to SOV demand. Two alternative measures commonly used are level of service (LOS) and speed. Each of these is described below.   

5.9.1 Level of Service 


LOS is a qualitative measure describing operational conditions within a traffic stream. LOS assesses conditions in terms of speed and travel time, freedom to maneuver, traffic interruptions, comfort and convenience, and safety. Six levels of service are defined by letter designations from A to F, with LOS A representing the best operating conditions, and LOS F the worst. The Highway Capacity Manual (HCM), published by the Transportation Research Board (TRB) fully describes the calculation of level of service as a freeway traffic operations performance measure. Table B-1 of the HCM provides the level of service of basic freeway operations for average free flow speeds of 70 mph, 65 mph and 60 mph.  This table relates LOS to traffic density and speed.  Figure 20 shows a speed density curve for Santa Clara.  The speed range for each LOS is not consistent with Table B-1of the HCM.  The lower limit of LOS D shown on Santa Clara speed density curve is approximately 45mph.  As shown in Figure 14, this is the speed resulting in the highest vehicle throughput as measured on a Washington DOT freeway.  Consequently, this speed results in a beneficial compromise of free flow speed for potentially the maximum throughput, particularly when the general purpose lanes are operating at LOS F.  Conversely, the lower limit of LOS D speed contained in Table B-1 of the HCM is 58 mph, a more desirable average speed but at the expense of vehicle throughput. This results in less relief to the general purpose lanes than what is achievable at an average speed closer to 45 mph in the Express Connectors facility. 
5.9.2 Average Speed
Speed provides a more precise and clearly understood performance threshold relative to LOS.  Based on Figure 15 that relates speed to vehicle throughput, 45 mph provides a reasonable threshold if the objective is to maximize relief to the general purpose lanes subject to maintaining a travel time advantage for the HOT lane facility.  If maintaining free flow conditions is the primary objective, a 50 mph threshold provides a reasonable compromise.  This speed also provides a buffer to handle temporary speed reduction due to minor turbulence, while likely still maintaining a speed greater than 45mph.   Analysis of historical managed lane facility traffic data is needed to derive operational performance parameters specific to a HOT lane facility. The performance threshold needs to be user configurable to allow adjustment based on actual operations.

[image: image14.emf]

Figure 14 - Santa Clara Speed Density Curve
[image: image15.emf]
Figure 15 - Washington DOT Speed Throughput Variation

5.10 User Decision Flow Diagrams 
5.10.1 Express Connectors Implementation Not Distinguishing HOV and SOV Traffic

Figure 16 shows the decisions HOV and SOV users are required to make along with the System inputs (e.g. from detectors and sensors) and outputs (e.g., to pricing sign and transaction status indicator light) along with CHP observations and responses.  This figure depicts a System that is incapable of measuring the three categories of users and tracking the incidence of violations throughout a weekday or weekend.
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Figure 16 - Express Connectors User–Facility Interface With Only SOV Users Identified By Transponder ID

5.10.2 Express Connectors Implementation Distinguishing HOV and SOV Traffic

Figure 17 shows the decisions HOV and SOV users are required to make along with the System inputs (e.g. from detectors and sensors) and outputs (e.g., to pricing sign and transaction status indicator light), CHP observations and responses, and reporting capability.  This is the case where all users are required to have a special switchable transponder.

Figure 18 shows the decisions HOV and SOV users are required to make along with the System inputs (e.g. from detectors, sensors and cameras) and outputs (e.g., to pricing sign and transaction status indicator light), CHP observations and responses, and reporting capability. This is the case where HOV users are required to register their license plate for user identification. 

A comparison of these flow diagrams shows a significant operating advantage when HOV, SOV and violators (excluding occupancy violations) can be distinguished and measured. 
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Figure 17 - Express Connectors User–Facility Interface With SOV and HOV Users Identified By Transponder ID
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Figure 18 - Express Connectors User–Facility Interface With SOV Users Identified By Transponder ID and HOV Users identified by License Plate

6. Concept of Proposed System 

6.1 Express Connectors Lane Design Elements
Access/Transition Location and Configuration

The inability to expand the roadway cross section for SR 237 and I-880 within the Project Limits effectively eliminates construction of an auxiliary lane for Express Connectors ingress and egress.  To provide the FHWA minimum buffer width of 2 feet along the SR 237 portion of the Project the Express lane and adjacent GP lane are proposed to be reduced by 1 foot to 11 feet. No reduction in the existing 12 foot travel lane width is proposed for the I-880 portion of the Project.  The access transition design, expected to primarily benefit SOVs, is proposed to conceptually follow Caltrans guidelines.  Figure V-Y shows Caltrans guidance for pavement marking patterns used to transition from a continuous access HOV lane to a buffer separated HOV lane (i.e., Express Connectors).  Because of physical limitations such as an elevated roadway portion, along with a desire to minimize free flow disruptions, no intermediate access is planned.  Therefore, to the extent possible, the ingress and egress ideally should be located where the speed differential between HOV and GP lanes is less than 20 mph, excluding the inevitable speed reduction caused by SOV users entering and exiting the facility.  The length of the ingress and egress transition striping should comply with Caltrans guidance to provide users sufficient time to find gaps in the target traffic stream, thereby mitigating the affect on facility traffic operations. 

Figure 19 shows the Caltrans guideline for pavement making patterns used to transition from a buffer separated HOV Lane (i.e., Express Connectors) to a continuous access HOV lane. This design applies to the southbound I-880 to westbound SR 237 egress but not eastbound SR 237 to northbound I-880, where the HOV lane does not continue north of Dixon Landing Road.  For this case the HOV lane striping shown on Figure 20 does not apply, at least not until the facility is expanded to the north.
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Figure 19 - Caltrans HOV/HOT Lane Standard Ingress Design
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Figure 20 - Caltrans HOV/HOT Lane Standard Egress Design

Design Elements and Characteristics 

The proposed Express Connectors design elements and attributes are shown in the table below. 

	Facility Design Element/Attribute
	SR 237
	SR 237/I-880 Connector
	I-880

	Express Connectors Lane Width
	11’
	12’
	12’

	Inside GP Lane Width
	11’
	N/A
	12’

	Inside shoulder width
	4’
	10’
	10’

	Observation Area (length/width)
	40’/10’
	N/A
	40’/10’

	Enforcement Area 

(length/width)
	100’/10’
	N/A
	100’/10’

	Striped Buffer Width
	2’
	N/A
	2’


Table 11 - Express Connectors Design Elements and Attributes

6.2 Buffer Zone
A two (2) foot buffer will be used for the Project where separation between general purpose lanes and Express Connectors lane.

6.3 Toll Zone
The toll zone is the location where transaction records are built for all vehicles traveling on the Express Connectors and transmitted to the TDC for central processing. Based on a System that requires all users to have a transponder to achieve high user compliance a subsystem is also needed to capture and extract rear license plate characters using OCR.  Captured license plate images will be indexed to a violation transaction record and sent to TDC by an image processor.  The toll zone will open and complete a SOV, HOV or violation transaction record for each vehicle passing through the toll zone. Transponder IDs will be recorded for both SOV and HOV transactions, the later of which will include a flag to indicate HOV status.  The toll zone will also be capable of storing transaction records until communication with TDC is restored.  The toll zone will send maintenance messages to TDC when problems diagnosed or detected by executing logic routines. Maintenance codes will be written to the transaction record when operating in a degraded state.  

The single disadvantage of locating a “T” structure in the center of I-880 is the length of underground boring required to install a conduit to carry cables and wires from the toll zone equipment to the roadside cabinet.  During the design phase the opportunity to locate the cabinet in the median to avoid underground boring will be investigated to verify safe access by technicians can be assured. 

6.4 Read Zone
The read zone will either precede or follow the toll zone, depending on the direction of travel and is where a transaction record for each passing vehicle is opened and completed.  Transponders ID numbers will be read and recorded for both SOV and HOV transactions, the later of which will include a flag to indicate HOV status. No license plate images will be captured at the read zone. The functions performed by the read zone include the following:

· eliminate cross lane reads by sequentially matching transponder IDs reads with reads at the toll zone,

· calculate average travel speed in conjunction with time stamped reads from the toll zone at a known separation distance, 

· offer subsystem redundancy to increase accuracy, reliability and availability, and

· identify users who switch status while traveling the Express Connectors facility to verify violations.

When operating in a degraded mode, a maintenance code will also be written to the record.  The read zone will be capable of storing transaction records until communication with TDC is restored. 

Similar to the toll zone, a “T” structure will be installed in the median on the west side of the SR237/I-880 interchange. This structure must be located where at least 10 feet of separation exists between the outside edge of Express Connectors travel lane and inside edge of the adjacent lane. This is expected to provide one zone having a very low probability to cross lane reads.  

There is insufficient space for locating an observation area downstream of the southbound I-880 to westbound SR237 read zone, the location expected to be most effective in capturing violators. The design phase will explore alternative enforcement options for this location. 

6.5 Pricing Sign
A pricing sign is proposed no more than ¼ mile upstream of the designated Express Connectors ingress for eastbound SR 237 to northbound I-880 and no more than ½ mile upstream of the designated Express Connectors ingress for southbound I-880 to westbound SR 237. The pricing sign will inform prospective SOV users of the current price to use the facility.  The pricing sign is a static fixed panel sign with a single display module inserted in a sign panel cutouts to display price (e.g., $2.50). Since the facility is not expected to operate on a 24/7 schedule, a continuous  display panel will be installed below the pricing sign panel capable of displaying “NO FASTRAK TAG NEEDED”, CLOSED, HOV ONLY, ACCESS ½
 MILE, CONSTRUCTION, and ACCIDENT.   During non-operating hours the upper display module opposite the destination will display “$0.00” in conjunction with the bottom panel displaying “NO FASTRAK TAG NEEDED”. The proposed sign layout scheme is intended to accommodate adding a second destination when a 24/7 operating hour schedule should be adopted.  The Figure below shows a sample pricing sign appropriate for the Express Connectors for illustrative purposes only.  Sign details will be resolved as part of the design process.
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Figure 21 - Sample Express Connectors Pricing Sign
6.6 Express Connectors Component Layout
The proposed location of the toll zone, read zone, pricing signs, CCTV camera poles, and observation areas are shown in Figure 22. Express Connectors related guide, regulatory and advisory signs and VDS are not shown for clarity. 
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Figure 22 - Express Connectors Layout and System Configuration
6.7 Express Connectors Component Layout
The proposed location of the wireless communication equipment and public network interconnects are shown in Figure 23. This layout assumes either laser or microwave wireless transmission and the use of two new CCTV poles and an existing PG&E pole located at the McCarthy Blvd. interchange. The preferred solution involves the installation of a mast ON the roof of the existing Cerone Facility roof to mount multiple transceivers or antennas. Alternatively, the existing radio communication tower installed near the Cerone Facility will be used if necessary to achieve line-of-site or reduce installation costs. The radio tower is owned by VTA and located on their ROW. A fiber optic cable from the Cerone roof or the existing fiber cable from the radio tower will be used to route data and video to a Point of Entry (POE) fiber distribution panel located inside the Cerone facility. A switch and router will precede a T1 interconnect that will be used to route data and video to the VTA Data Center.  T1 leased lines will also be used to independently interconnect the BATA RCSC and Caltrans TMC to the VTA Data Center. CCTV video will be routed from the two CCTV cameras to the Cerone facility and processed and stored by a video server/recorder.  The video server will be capable of pan, tilt and zoom control of these cameras and of time lapse recording to reduce digital video storage needs.  Figure 23 depicts the proposed communication concept for the Express Connectors.
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Figure 23 - Express Connectors Communication System Layout

6.8 Express Connectors Users 
Express Connectors facility users can be grouped into one of the following three categories: HOV, SOV and violator.  Different capabilities are required of the System to successfully handle each of these user groups. The following subsections describe the interactions of SOV and HOV users with the System when preparing for and traveling on the Express Connectors facility.
.   

6.8.1 SOV User – System Interface

Prospective single occupant users of the Express Connectors facility must have an existing active FasTrakTM account and transponder or complete an application to open an account and obtain a transponder.  The BATA RCSC Web site will allow online applications and downloading an application for completing and mailing or faxing to the RCSC.  Users can also visit the RCSC or partnering retail outlets (e.g. Costco, Safeway) to complete an application and, if approved, immediately receive a transponder.  In addition, an account can be established and transponder obtained from the following California toll agency back office operations that adhere to the CTOC Technical Specification for Interagency Electronic Data Interchange:  
1. San Diego Association of Governments (I-15 Managed Lanes);

2. Transportation Corridor Agencies (TCA Facilities); 
3. Bay Area Transportation Authority (ATCAS bridges, Golden Gate Bridge and San Francisco Airport);

4. Orange County Transportation Authority (SR 91); and
5. South Bay Expressway (SR 125). 
The need for and feasibility of operating a temporary satellite facility to the BATA RCSC or negotiating an agreement with one or more retail outlets having a more convenient location for Express Connectors users will be studied during the design and implementation phase.  

Although there are other electronic toll collection (ETC) technologies that are better suited to managed lane facilities, solely due to implementation schedule and a large existing base of FasTrakTM transponders because of the above agency’s operations, consideration of any ETC technology other than Title-21 compliant transponders cannot be justified. 

Title-21 compliant transponders, as currently manufactured by SIRIT and TransCore, must be leased by having a credit card number on file or making the specified deposit and opening an account pursuant to the agency’s business rules.  Once the account is opened and the transponder(s) issued, the tag identification number and a status code are immediately sent from one of the listed agency’s customer service center/account management system to the VTA TDC System, where the information is stored and forwarded to the zone and read controllers. Prospective SOV users deciding to enter the Express Connectors for the price displayed on the pricing sign installed upstream of the access point will have their transponder read and recognized by the System when passing through the proposed toll and read zones.  The transponder ID number and status read from the transponder will be written to a transaction record that is eventually processed at the BATA RCSC and the user’s account is debited by the assessed toll. 

6.8.2 HOV User – Facility Interface

The System must be capable of differentiating between SOV and HOV users to allow eligible HOV users to travel on the Express Connectors facility without paying a toll. HOV eligibility is based on the number of occupants in a vehicle.  The Express Connectors will apply the same occupancy requirements currently used for the interconnecting HOV lanes, which is two or more persons per vehicle, motorcycles, hybrids and inherently low emission vehicles (ILEVs) with a Department of Motor Vehicle (DMV) issued decal. Allowed vehicles include all two axle passenger cars and all transit and courtesy vehicles regardless of axle count. While the System can easily distinguish two categories of users (i.e., SOV and HOV), the unavoidable inclusion of violators significantly complicates a successful implementation. Four alternatives for accommodating eligible HOV use of the Express Connectors facility without incurring a toll or a violation were analyzed in Section 5, Alternative Analysis. The recommended alternative is Alternative 2, described as follows:
Require passenger car and commercial passenger transport vehicles to procure a special transponder with a built-in switch that allows the user to switch between an HOV or SOV status without removing the transponder from the windshield.  Users with an existing transponder will be required to replace their transponder as a condition of receiving a new switchable transponder and being eligible to use the facility with HOV status. 
The primary factor supporting this selection is the decision by BATA to adopt a switchable transponder as the means for authorized users to declare a state (i.e., HOV, SOV) and for the System to distinguish users, measure performance and develop strategies for improving performance.  Other Project specific factors supporting this selection are the following:

1. To maximize the benefit this relatively small facility can add to the planning for facilities significantly larger in size through the measurement of HOV, SOV and violator (excluding vehicle occupancy violations) traffic, and experiment with how various stimuli affect the measured traffic statistics,

2. Capability to perform multiple critical functions using the same very high accuracy equipment for distinguishing HOV and SOV users that is supplemented by an automated user type violation enforcement subsystem.

3. Mitigate free flow disruptions caused by on-site enforcement by deploying a license plate image capture subsystem that will automatically issue violation citations if either payment is not made and HOV status is not declared in accordance with the business rules. The license plate image capture subsystem will also provide redundancy to the ETC equipment and allow CHP to limit their potential violator pursuit to occupancy violations after an indication of HOV status is provided by a transaction indicator light.  

The primary disadvantages of this alternative is the need for HOV users to secure a likely higher priced transponder with a credit card (or make a cash deposit) and make a deposit to open a FasTrakTM account. The transponder switch invites users to declare HOV status when the probability of on-site enforcement is low based on historical enforcement patterns. When toll and read zones record different status, there is no conclusive means for knowing the true status of the user when traveling on the facility. The switch is expected to decrease the reliability of the transponder. Finally, the ability of the RCSC to assess a V-toll when both read and toll zone transponder reads are missed is negated because a user’s declared status is unknown.  This eliminates the important ETC redundancy function commonly provided by a VES subsystem.   

Multiple focus groups are recommended to assess resistance by existing HOV users to obtaining a special transponder as a condition of being eligible for HOV status.  Also, this preferred alternative will permit a user to easily change to SOV status by resetting the transponder switch and having an active FasTrakTM account. For users with external transponders, requiring on-line registration of their primary status that can be temporarily changed to allow travel in the alternate state.  This status will automatically revert to the selected primary status if not changed by the user after a configurable length of time.  VTA can make provisions to assist external transponder users without internet access in registering their transponder ID.   
6.9 Hours of Operation
Section 4, Operational Opportunities and Constraints, analyzes two hours of operation alternatives, 24/7 and the same hours as the existing HOV facility. The key advantages of 24/7 operations are the following: 

1. generates higher revenue, 

2. minimizes confusion by clearly establishing guaranteed mobility lanes that require a transponder for use as a precondition for maintaining a consistent and reliable performance advantage,

3. requires lower maintenance costs, and 

4. expects to be easier to enforce because CHP officers will not have to take the time of entry into account when determining violations. 

The key advantages of maintaining the operating hours of the connecting HOV facility are the following: 

1. minimizes confusion particularly for SOVs who are allowed to travel on the connecting HOV facility during non-operating hours and for HOVs if registration is required because of a reduction in the hours this source of confusion (i.e., registration) is in affect, 

2. minimizes the adverse affect on traffic operations caused by SOV users exiting and then re-entering the HOV facility after the Express Connectors during the non-operating hours of the connecting HOV lane, and

3. minimizes the need for additional signs by eliminating signs that inform users of a change in Express Connectors operating hours so SOV users (and possibly HOV 2 users in the future), either without a valid transponder or a desire to pay a toll, can exit the facility.  

Although the Express Connectors should operate 24/7 after facility expansion, gaining acceptance by facility users, particularly HOV, during initial operations is deemed critical to the ultimate success of the Project. To wit, the hours of operations should match the operating hours of the connecting HOV lane.  This approach is expected to result in better facility operating performance and fewer telephone calls to VTA and BATA RCSC to complain about facility operating policies. Assuming budget is available for replacing existing HOV hours of operation signs along SR 237 and I-880, it is recommended the hours of operation for the HOV facility be extended by one (1) hour for both the morning and afternoon peak period to increase revenue to operate and maintain the Express Connectors. Adding an hour to the start and end of each period would make a significant contribution to the goal of self-sufficiency. Futhermore, the System data and video storage analysis performed during the design phase will be based on operating 24 hours a day, seven days a week.

6.10 Pricing Rules & Display Provisions
For a facility without intermediate ingress and egress, the pricing strategy is greatly simplified.  The Express Connectors facility can logically be considered a single segment that requires one price to travel the length of the facility, from entry to exit. The pricing sign dynamically displays a price expected to illicit sufficient SOV demand that when combined with HOV and violator traffic will always maintain traffic flow above an established minimum threshold.  
Achieving and maintaining free flow traffic conditions requires establishment of a minimum operating performance threshold that when reached results in either the Express Connectors being closed to all SOV users or the price raised to the maximum amount allowed, which is expected to accomplish the same objective.  If in the future the HOV 2+ demand plus violators alone approaches the minimum threshold, the System will be capable of implementing a variable HOV eligibility requirement (e.g., HOV 2+ and HOV 3+) on a time of day basis. Raising the occupancy requirement for HOV eligibility provides another tool to assure performance remains above the minimum threshold, which is of particular concern for single lane facilities.  An important consideration in the design of the pricing algorithm is the allowed increase or decrease between price recalculations.  While incremental price increases are often capped to provide the perception of a steady, uniform incremental price increase (i.e., linear), an exponential increase in price is expected to result in greater use of available capacity by not pricing out interested users too soon. This is particular relevant to temporary fluctuations that stabilize at a lower demand level supporting additional SOV traffic. Scaling back on price increases instead of applying a uniform adjustment until the maximum is reached is expected to result in a more efficient operation. Since the System cannot control the entry of additional HOV users and violators, precise control of SOV users is critical to facility performance and revenue generation. The two alternative operating performance thresholds most commonly used for managed lane facilities are a specified level of service (LOS) and average speed.  Each of these alternatives is described and evaluated below.

6.10.1 Pricing Process
The System pricing process will input traffic data collected from five (5) vehicle detectors in each direction and the ETC probe data. A pricing algorithm will output a price to each pricing sign display module at a selectable time interval. An acknowledgement from a sign controller will establish the time recorded in a table for each price displayed. Back office transaction processing will call this table relating time and price after adjusting the transponder read time stamp to account for user travel time from the pricing sign to toll zone.  The adjusted time will be used to determine the price to write to each transaction record.  Rules will be applied to assure a user is charged the lesser of two prices the user may have viewed due to variability in travel time from pricing sign to toll zone. Each transaction record will contains at least the following:

· agency ID/code, 

· unique sequence number,

· transaction time and date, 

· transponder ID number,

· license plate number (future), 

· equipment status code, and

· price/toll. 

6.11 Lane Level Subsystem 
The proposed lane level subsystem consists of all roadside equipment, including a roadside cabinet containing a lane controller, ETC reader, image processor, electronics, data transmission equipment, electrical distribution and a UPS,  ETC antenna/transceiver units, transaction indicator lights (beacons), VES cameras and supplemental lighting, vehicle detectors/triggers, pricing sign display modules and controllers, and CCTV cameras with PTZ functionality. The primary events that occur at a toll or read zone are the detection and identification of transponder ID numbers, lookup transponder ID number on tag status list, input vehicle detection signal, output signal to transaction indicator light(s),  write data to a FasTrakTM transaction record including user type code read from tag status list, capture of rear license plate images after a trigger signal, write from image buffer if a transponder ID was not recorded, optical character recognition (OCR) of stored images, write extracted license plate characters to transaction record, store and forward transaction record and license images to Central Processing,  

6.11.1 Toll/Read Zone Controller 

The toll or read zone controller is the primary roadside equipment (computer) that collects and stores traffic, transaction and maintenance event data, communicates with an image processor, and manages the communications between the readers, including antennas/transceiver units, transaction indicator lights, image processor and the TDC subsystem.  The zone controller is typically two independent computers; a primary unit that handles normal operations and a secondary unit that monitors the primary unit’s status and is capable of taking over control in the event of a malfunction with the primary unit.  This redundant design ensures that the tolling operation can continue despite a failure within the zone controller subsystem.

6.11.2 Vehicle Detection Stations

Five (5) vehicle detectors are proposed to be installed along each direction of the Express Connectors. The vehicle detectors will consist of either loops or the preferred wireless magnetic sensors installed in pairs in the pavement along the Express Connectors alignment to detect vehicle volumes, occupancy and speed in the lane. The vehicle detectors will communicate with a vehicle detector station (VDS). The data gathered from the roadside VDS installed at approximately one-half mile intervals along the Express Connectors will be used in conjunction with ETC probe processing that uses transaction records with matching transponder ID numbers from the toll and read zone to calculate traffic statistics.  One (1) vehicle detector will be installed in the inside general purpose lane between the pricing sign and the Express Connectors access location in each direction.  This detector will be used to determine average travel time from just before the pricing sign to the facility entrance. Although traffic data from existing loop detectors installed within the Project Limits is collected by Caltrans and processed by PeMS, this data is not proposed for use in the dynamic pricing algorithm, which will be confirmed during the design phase. 
6.11.3 Electronic Toll Collection (ETC) Equipment

The ETC equipment consists of a transponder, a combined antenna and transceiver unit, and a reader/controller.  The transponder is described below.  An RF transceiver is used to modulate and demodulate signals sent to/from the reader.  All ETC equipment is designed to operate within the environmental conditions encountered in the surrounding region.  The RF transceiver is integrated with or mounted to the antenna.  

An antenna is used to transmit modulated signals that form a read zone on the pavement that vehicles containing a transponder pass through when traversing a tolling or read zone.  The antenna also receives modulated signals from a vehicle mounted transponder that receives, encodes, and backscatters these signals back to the antenna.  The received signals are sent to a connected RF transceiver for demodulation.  

A reader receives demodulated signals from the RF transceiver, decodes the transponder ID information, validates the transponder ID code, and transmits the code along with any appended information, such as time and date, equipment status, or receiving antenna location code, to a zone controller. The information transmitted from the transponder will include a bit that identifies its state (i.e., SOV, HOV). The reader is also capable of performing various user specified control operations through commands entered from a terminal connected to an auxiliary port.  The reader(s) will be installed in a roadside cabinet located at each toll and read zone site.  
One antenna-transceiver unit will be installed on a cantilever arm above the Express Connectors lane.  The antenna is attached to the proposed “T” structure cantilever arm using a mounting that allows transverse and vertical adjustments.  The antenna will be installed at the manufacturer’s recommended angle based on the expected vehicle speeds and at a lateral location that minimizes cross-lane (GP lane) reads.

6.11.4 Pricing Signs 

The pricing signs will be integrated directly with TDC through a proposed combination wireless communication and public network communication solution.  TDC will interconnect with the designated Caltrans TMC to receive operator override commands for changing the Express Connectors operational status in coordination with designated VTA operations staff.  

The TDC will continually upload price data to each pricing sign controller. These price updates will be in response to changes in traffic volumes and occupancy that affect vehicle speed on the facility and are intended to ensure the average speed stays above the minimum threshold, except for periods of short duration. Increased traffic volumes will result in higher toll rates, which is expected to reduce the demand by prospective Express Lane users.

In the event of a loss of communications with Central Processing, the pricing sign controllers will be capable of displaying a default message (e.g., HOV ONLY).

Pricing sign controller will be capable of storing a time-of-day (TOD) price schedule that is periodically updated and uploaded by the TDC based on recorded historical TOD prices for seasonal dependent day of week and time of day periods.  This functionality will be configurable to provide VTA staff with operating alternatives when communication with the pricing sign is lost.  

The pricing sign display will be use full matrix, LED-based display modules capable of displaying alphanumeric characters. The pricing sign modules are part of a hybrid sign comprised of a static, fixed panel sign and one price display module. The static portion will show general information about the Express Connectors facility and provide context for the pricing sign display messages. Modules will be aligned to form a continuous full matrix plaque at the bottom of the sign to display various operational messages.   

6.11.5 License Plate Image Capture 
The primary components of the license plate image capture subsystem are a progressive scan monochrome camera, a supplemental white light source, and an image processor.  The image processor will include (OCR) software and be installed in the toll zone roadside cabinet. Cameras and lights will only be mounted to the toll zone cantilever “T” structure above the Express Connectors lane and used to capture the rear license plate for each vehicle that fails to record a SOV transaction. When a transponder ID is not read and recorded,, a vehicle detector installed at the toll zone will trigger a frame grabber to write captured video frames  to an image processor’s OCR process that will  attempt to extract the plate characters. The transaction record built by this zone controller, which will include the license plate number if OCR is successful,  will then be transmitted to the TDC for processing.  No transaction indicator lights will be activated by the zone controller, an indication a violation was recorded.  All images, including those that cannot successfully be processed by OCR, will be indexed to the corresponding violation transaction record built by the toll zone controller. The image processor will periodically transmit images to the TDC, where images related to a violation transaction will be separately stored and forwarded to the RCSC for processing by the existing violation processing subsystem.  

6.11.6 Transaction Status Indicator Light
Transaction status indicator light is a LED light powered from a zone controller and activated after a vehicle passes through a toll/read zone.  The transaction indicator light will fulfill two purposes: 1) indicate a violation; and 2) indicate the user type (i.e., SOV, HOV). The “HOV status” light will have an amber color and be mounted to the top of the cantilever mast arm.  Figure 24 shows an example of a transaction status indicator light that is specifically targeted to the managed lane system market. The “user type” lights will consist of a green  and amber  LED light mounted at a height not less than 4 feet or greater than 10 feet above the shoulder.  The green LED light will activate for each successful SOV transaction and the amber LED will activate for each successful HOV transaction. These violation indicator lights will be adjustable to be visible from a range of distances downstream of the tolling zone by a CHP officer in a patrol car or motorcycle. The user type indictor light is intended to be clearly visible from the designated observation area located downstream of the toll zone. The “HOV status” light mounted to the “T” structure mast will also be adjustable to orient the light toward a CHP designated observation area. The activation duration of the two indicator light types is configurable with a default value, such as 2 seconds.  The CHP can use the violation indicator light to determine potential violators corresponding to no light activation when it is known the license plate image capture subsystem is not available and to provide an observer an indication of the volume of violators. With the license plate image capture subsystem functioning properly, the CHP only needs to focus on occupancy violations because the System can automatically handle unauthorized user violations.   A single LED display capable of displaying two distinct colors can also provide the required functionality for the user type transaction indicator light. 

It has been observed that daily police activity is not necessary to keep HOT lane violations to an acceptable level; a program of varied frequency and level of effort has been found to be just as effective. Too much enforcement will degrade the operating performance of a HOT lane facility, while too little will result in customer dissatisfaction and erosion in confidence in the System. However, the presence of a CHP officer’s vehicle in the field, even without actively pursuing violators can be an effective deterrent.  
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Figure 24 - Transaction Status Indicator light

6.12 TDC Central Transaction Processing Subsystem



6.12.1 Tag Status List
A tag status list is a file of ETC transponder identification (ID) numbers associated with an ETC account having an active status. Subject to established business rules, an active status is one of the following: 1) an account with a balance above a BATA designated low limit if prepaid, 2) a non-revenue account, and 3) an account not delinquent on an outstanding post-paid balance. The tag status list is built and all updates made by the BATA RCSC. The RCSC will send the full transponder status file at scheduled intervals and continually send tag status list updates to TDC. Immediately upon receipt of the tag status list, TDC will store and forward this file to the zone lane controllers. The zone lane controllers use this data to validate transponder ID numbers read by the roadside ETC equipment. A transaction record is built by the zone lane controller that includes the transponder ID number if successfully read by the ETC equipment. TDC will automatically upload the latest tag status file to the zone lane controllers after all start-up and re-boot operations. These controllers will have sufficient local memory and data storage capacity to handle projected future growth in the size of the tag status list.
.    

6.12.2 Transponder to Plate List  

The transponder to plate list is a file that relates transponder ID number to vehicle license plate number.  This list is established and maintained by the RCSC for all FasTrakTM accounts that they originate. For FasTrakTM accounts originated by another agency, the Interagency Electronic Data Exchange will be relied on as a source of this information.  This list allows the processing of what is commonly referred to as a V-toll for transaction records without a transponder ID number but generated by a vehicle assigned a transponder and having an active FasTrakTM account. Although it is common for toll roads with a CSC subsystem to  filter all violation transaction records with this list after manual verification or plate number entry and post transactions when a match occurs, this process is complicated by not knowing the transponder status when the transaction occurred. The proposed solution is to use the last known state of the transponder as the status at transaction time. The associated business rule would need to be part of the service agreement with VTA that each user would be required to sign.  Configuring the System so the read zone precedes the toll zone in each direction provides an opportunity for the user to know the transponder was not read (i.e., no audible beep) and to take appropriate action before traveling through the toll zone so the transponder will be read. In summary, this list is used by the RCSC to post SOV transactions to the account corresponding to the matching transponder ID number.  
6.12.3 External Transponder –HOV Status List

Vehicles with an external transponder will not be able to use a switchable transponder to change from SOV to HOV status. Because the percentage of BATA accounts with an external transponder is only 1.5%, making special accommodations for handling these vehicles is proposed to be deferred until the magnitude of the problem warrants a software fix. This is expected to involve an external transponder - HOV status list, a file of transponder ID numbers for all BATA external mount transponders and the current registered status, with SOV the default status if none is assigned. This list will be built and maintained by Central Processing using input from BATA.  Prospective HOV users would be required to register their external transponder ID number on-line at the VTA Web site, and select HOV status for which the user can either select automatic conversion to SOV after a configurable time period or remain HOV until changed by the user. . Consequently, users would be able to temporarily change their status on-line, which would conveniently revert back to their primary status after expiration of a configurable time period.

TDC will filter out ETC transactions generated by vehicles having an external transponder with a HOV status, as determined by a matching transponder ID on the External Transponder-HOV Status file. These transactions would not be forwarded to BATA RCSC for processing.  An updated External Transponder-HOV Status file will be uploaded to the toll and read zone controllers at the start of each facility business day and when user changes are recorded by the System. For transactions recording a transponder ID, a zone lane controller would scan both the stored Tag Status List and External Transponder-HOV Status list to determine user type (i.e., HOV, SOV). A configurable time lag would be used from the time a user completes an on-line temporary status change to the time it is recognized by the System to preclude user type status changes while in-route. A business rule would define the length of time allowed without a recorded HOV transaction before a registered primary HOV external transponder vehicle is automatically deleted from the file.      

6.12.4 Time Synchronization and Zone Controller Configuration

The ability to audit and reconcile transactions and trace system and equipment problems requires the toll and read zone lane controllers to be time synchronized with TDC central processing. TDC will be the source of time and data for synchronizing the internal clocks of the zone lane controllers, pricing sign controllers, and image processors used for processing captured images and extracting characters using OCR. Consistent timing between the TDC and all roadside controllers and processors is needed to resolve anomalies that may surface by tracing the sequence of lane events and being able to investigate customer complaints and problems.

The TDC will also be capable of uploading configuration data to the toll and read zone lane controllers, pricing sign controllers, and image processors. This data provides the parameters that enable and disable certain components such as interface support with ETC readers or default pricing sign display.. Output to any of the roadside devices would be able to be enabled or disabled directly from the TDC.

6.12.5 Transponder Identification Validation

The data read from transponders at a toll or read zone along the Express Connectors will be validated against the Title 21 record format before scanning the tag status list to check the current user type for the underlying account. Data read from each transponder at the toll and read zone will include an agency code that identifies the California regional agency that manages the underlying transponder account. This agency will reimburse VTA the toll amount in accordance with the CTOC Technical Specifications for Interagency Electronic Data Exchange. 

6.12.6 Transaction Processing

After TDC receives transaction records sent in near real-time from the toll and read zone lane controllers, transaction processing will include confirming the transaction occurred on the Express Connectors, writing a price to all SOV records, parsing HOV, ETC and violation transaction records, and storing the processed data.  Cross lane reads are first eliminated by matching transponder IDs of transaction records correlated by sequence numbers read at both the read and toll zones.  All SOV transaction records will then be filtered by the current list of authorized non-revenue transponder ID numbers (if any), with all matches assigned a price of $0.00. For the remaining SOV transaction records, a price will be assigned to each by looking up the price displayed during the two time intervals closest to the transaction time after subtracting the estimated/calculated travel time from 40 feet upstream of the pricing sign to the read zone. Travel time on the Express Connectors can be calculated using average speed recorded for the time increment when the transaction occurred.  Travel time in the GP lane before accessing the facility will  be determined from the vehicle detector installed for this purpose. An historical TOD average will be maintained to use when TDC communication with the associated VDS fails. The lower of the two prices (assuming the prices are unequal) will be written to the transaction record. Since only a single toll zone is proposed, a trip building functionality is not proposed with the expectation of a reduction in software price and an expansion of the list of qualified system integrators who can offer a fully responsive proposal. All SOV and violation transaction records will be forwarded to the RCSC.  Transaction records without a transponder ID or an OCR extracted license plate number will be initially assumed to be violations.  Manual license plate image review performed at the RCSC is expected to convert a portion of these transactions to either a SOV or HOV transaction, depending on the last known status of a transponder associated with an account identified by using the  Transponder to Plate list. 

6.12.7 Transaction Auditing & Revenue Management

TDC will include transaction audit and reconciliation functionality.  It will provide a secure user interface that will allow VTA financial personnel to view and reconcile Express Connectors transactions and revenue data reported by BATA.  The interface will also include reporting capabilities that allow users to generate, and store reports.

The user interface will provide detailed data for HOV and SOV transactions having a recorded transponder ID number, SOV and HOV transactions reconciled as a V-toll baased on last System recorded state, violation transactions and HOV transactions revised to violations based on CHP violation data entry. . The pricing table will be accessible to confirm assigned transaction prices for specific times, as well as the calculated or estimated GP and Express Connectors travel times for particular time periods.  TDC users will be able to retrieve and review the pre-RCSC processing control count of SOV and violation transactions for a business day in conjunction with the post-RCSC processing control count. Violations handled as V-tolls will alter the SOV and violation counts along with generating HOV transactions that should keep the total count in balance. For all violations not posted to a violation or SOV account or converted to a HOV transaction and sent back to the TDC, a code written to the record during RCSC processing will be used by the System to group these violations into an approved category for each business day. The System will flag discrepancies in the total of account, converted HOV and coded transactions to the initial violation control count for a business day.  

TDC will flag all transactions built after a TMC override of the pricing sign involving Express Connectors closure because of maintenance, traffic incident or lane blockage.  The user interface will provide details on the duration of a these events, including recorded transaction records, traffic volumes (if any), and estimated revenue loss based on historical TOD traffic volumes. This information will be stored by TDC only for events occurring during scheduled operating hours. 
The interface will allow authorized users to make adjustments to the data to account for uncovered discrepancies and courtesy changes initiated after communication with customers.  Operators will be able to adjust individual transactions or bulk sets of transactions once the magnitude and extent of an adjustment is determined. TDC database will store configurable audit parameters, and provide a permanent log, or trail, of any adjustments that are made to summary or detail information.

6.12.8 Maintenance Management

The service provider agreement with BATA for RCSC services will indirectly include maintenance management of all hardware and software used in delivering the services specified in the Agreement.  The TDC will support a maintenance on-line management system (MOMS) that will collect lane level equipment status changes and alarms and automatically dispatch technicians to restore failed and degraded components to an operational state. System maintenance management will be initially provided by the System Integrator. Thereafter, VTA IT department may maintain TDC hardware and an extended service agreement executed under an Agency option contained in the System Integrator Contract.  Lane equipment maintenance will be handled internally by VTA staffing or subcontractor to a qualified service provider. Synergies related to combining lane level maintenance of the Express Connectors with the I-680 Southbound and I-580 HOT Lane should be investigated. 

6.12.9 System Security and Data Integrity

Access to the TDC subsystem will be controlled via security mechanisms

implement through the application software using security groups (all users will belong to a security group assigned a unique set of access privileges).  Each user ID for System log-in shall be associated with a security group having pre-specified and limited access to application components (e.g., read/write, access to certain data).  User passwords will be encrypted using a real-time 128-bit encryption scheme.  If a user forgets their password, the System Administrator will only be capable of resetting the password to some temporary new value that the user must change after initial log-in.  This subsystem will require passwords to be changed periodically.  In addition to the use of firewall protection, all internet message transmission will comply with Transport Layer Security (TLS) or Secure Socket Layer (SSL) protocol.

6.12.10 External Interfaces (RCSC, TMC, and PeMS ) 

Table 12 depicts the data or information the Express Connectors System interfaces must be capable of supporting.  
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Table 12 - System Interface Diagram

6.12.11 Dynamic Pricing Calculations

SOV traffic volumes on the Express Connectors facility will be continuously managed in order to maintain traffic flow above the established minimum threshold, which is proposed to be 50 mph assuming the maximum vehicle throughput speed for the facility is 45 mph. This management will be accomplished by an algorithm that inputs facility traffic data and outputs the price SOVs are required to pay to use the facility. The primary source of traffic data will be from vehicle detectors spaced at approximately ½ mile spacing within the Project Limits. The secondary source will be toll zone transaction volumes and average speed derived from reads of the same transponder at the toll and read zones. Handling authorized users as probes over a known distance with no access provisions provides a reliable traffic data source independent of the vehicle detector data. The expectation is the transponder probe data trend will validate the vehicle detector data trend to allow the System to distinguish a temporary input fluctuation from a hardware or software problem requiring immediate attention to uncover the source of the discrepancy.  The input traffic data will be averaged over a user selectable time interval (e.g. 5(15 minutes). Similarly, each pricing sign will be updated at user selectable intervals (e.g. 3(6 minutes). A configurable minimum price will be established and changed infrequently to instill a reliable price expectation during free flow facility conditions and allow publication in Express Connectors literature and advertising campaigns.  In addition to a user selectable maximum price, the System will support display of a message that closes the facility to SOV traffic (e.g., HOV Only).  Although a linear rise in price is commonly used because of its simplicity, the preferred function for price increases is exponential. Because a maximum price increase per interval is commonly specified, a linear function requires the price to rise much sooner than is often warranted to reach a targeted price based on the current trend and the associated historical trend for the same time period.  Consequently, users interested in using the facility at a lower price may be prematurely priced-out. This is of particular concern in cases where the trend reverses before the targeted price is reached.  An exponential function extends the time of a gradual price increase before the increase accelerates.  Given users are charged the lesser of the two prices having the highest probability of being viewed by a user, receiving the lower of two higher prices may mitigate some concern with a larger incremental increase in price. The System must assure the actual displayed price used to make an entry decision is the maximum price a user will be charged.    

Facility prices will rise as traffic increases in the Express Connectors, invariably the result of recurring and non-recurring congestion in the GP lanes.  Supplementing automatic enforcement for user type violations (i.e.,vehicle without a valid in-lane transponder read) with on-site CHP enforcement primarily for HOV occupancy violations is expected to lower violations over time. Given a reasonably consistent HOV demand during peak travel periods, fewer violations will increase capacity available for SOV users, thereby increasing revenue.  The obvious objective is to price the facility to attract additional SOV users so the desired performance level is attained while revenue is maximized.   

For each direction, five (5) vehicle detector station (VDS) locations will be deployed along the Express Connectors and one (1) vehicle detector will be install in the inside GP .  Traffic data collected by these VDS will sent directly to TDC central processing.  A vehicle detector will also be installed at the toll and read zones to frame each transaction and trigger the license plate image capture subsystem whenever there is no valid transponder read. In addition to the one (1) GP lane vehicle detector located between the pricing sign and facility access, traffic data can be obtained through a direct interface with PeMS if inclusion of this data in the dynamic pricing process improves accuracy and reliability of the results as determined during the design phase. 

6.12.12 Price Update, Display and Default

The price charged for using the Express Connectors facility will vary at frequency of five (5) minute intervals. Output from the TDC pricing algorithm is downloaded directly to the pricing controller to improve availability and avoid failure points related to routing this data through toll or read zone transmission equipment. The message downloaded by the pricing sign controller will be immediately displayed after receipt, validation, and sending an acknowledgement to TDC central processing. The algorithm will calculate the single entry price for each direction of travel using the facility vehicle detector and transponder probe traffic data. Pricing sign controller will send status messages to TDC to assist in predictive maintenance. A single  full matrix LED display module inserted in fixed sign panel cut-out will be combined with a full matrix plaque at the bottom of the sign and having the same width as the fixed panel sign.  These display modules will support both a local and remote control capability. The bottom plaque will support display of more meaningful and recognizable messages and provide a backup display module for price information. The fixed panel sign area will accommodate an additional future egress location.  The pricing sign will be capable of downloading a TOD pricing table for use when communication with TDC is lost for longer than a user selectable time period.  TDC will be responsible to maintaining a running average to prices displayed during specific daily weekday and weekend time intervals.  The pricing sign controller will also be capable of executing display rules, including blanking out after expiration of a specific number of pricing intervals without receiving a price update message from the TDC. 
6.12.13 TMC Override

Caltrans is expected to designate a Traffic Management Center (TMC) that will be responsible for monitoring, detecting and reporting incidents and lane blockage, and implementing appropriate response plans to clear an incident or blockage within the Project limits in a timely manner. To minimize incident/blockage delays in the vicinity of the SR 237/I-880 interchange and to more efficiently route emergency vehicles, the TMC will have the capability to independently control the operating (i.e., open and closed) state for the Express Connectors facility in each direction. An interface workstation/server will be installed at the designated TMC having traffic management and operations responsibility for the portion of the SR 237 and I-880 corridors in proximity to the interchange of these routes. The installed workstation/server will support an interface platform for override control of the pricing sign as well as assuring adherence to security provisions promulgated by Caltrans and VTA. System security related to a TMC and TDC interface will include firewalls, encryption techniques and a user authentication process with a very limited number of authorized personnel granted control privileges. 

6.13 RCSC Operation 6.13.1 Front Office

The existing RCSC storefront allows customers to conduct a full complement of FasTrak account transactions.  They will be able to make FasTrakTM  and violation account payments, add or exchange a transponder, open or close an account, obtain an account statement, make a complaint and update account profile information  A drop-box is also available for walk-in customers who choose not to wait for personal assistance.  The RCSC storefront is staffed during regular business hours.

6.13.2 Call Center Operations

The BATA telephone system will process incoming customer calls.  It includes an automated IVR system that routes calls via menu selections.  The system enables customers to review their account balances, recent payments and toll usage at any time, 24 hours a day, 7 days a week.  The System also provides messages containing general information.  During normal business hours of operation, callers have an option to transfer to a CSR.

BATA CSRs are trained in efficient account management, problem solving and customer relationship management.  All customer calls pertaining to the FasTrakTM program will be fielded by BATA RCSC customer service representatives.  All FasTrakTM and Express Connectors program questions will be answered by the BATA CSRs.  

6.13.3 Web Site Servicing

BATA hosts a website that presents information about the FasTrak program and provides access to FasTrak patrons that will allow them to check their accounts, pending payments, recent transactions, previous statements, ask questions about the program, etc.  The website will also provide information about all of the Bay Area toll facilities and allow prospective FasTrak members to sign up on-line.  

BATA website will present information about the VTA Express Connectors Project, provide information on obtaining or exchanging a standard for a switchable transponder, describe the manner in which facility prices are established, provide violation payment, user rights and responsibility, hours of operation, and enforcement procedures.  This site will also include a link to the BATA RCSC Web site for easy access by customers who have more specific FasTrakTM operational questions, want to check their account balance or perform other supported account activities.  
6.13.4 IVR Servicing
The BATA telephone system will have an IVR module that will be connected to the Customer Account Database (CAD).  The IVR module will provide the HOT lane customer with different options on a 24/7 basis, even when the RCSC is closed:

· Receive information on the RCSC location and opening hours;

· Open a new account;

· Order a new transponder for an existing account;

· Obtain the account status and balance; and

· Enter credit/debit card payment information.
6.13.5 Back Office

The RCSC is located in San Francisco and is operated by BATA.  Prospective customers are able to open a FasTrakTM  account and secure a standard or switchable transponder in person, by phone, mail or through the BATA Web site using a credit card, check or cash, as applicable.  The same methods of account payment will be offered to the VTA Express Connectors customers.

The RCSC provides a complete customer account and relationship management capability, including automated interactive telephone system, state of the art account management and statement preparation, correspondence and document management, etc.  RCSC customer service representatives (CSRs) are trained in efficient account management, problem solving and customer relationship management.  All customer calls pertaining to the FasTrakTM program will be fielded by RCSC CSRs. Questions specifically related to Express Connectors operations will be transferred to the TDC during normal business hours of operation for handling by a VTA CSRs or their representative.  In addition to having direct access to TDC stored HOV transactions, these CSRs will also be able to query RCSC stored customer and violation account database for posted transactions, along with deposit, fee and payment information, in a read-only manner.  Similarly, RCSC CSRs will be able to query the TDC HOV account database for customer information.
Express Connectors customers enrolled in the FasTrakTM  Program will have the ability to manage their accounts on-line via the BATA RCSC account management system.  This secure business management system is a fully integrated system used to manage agency customer and violation accounts, receive payments and recognize daily revenue, interact with the transponder (i.e., standard and switchable) inventory management system, generate statements, and support complaint processing..  The BATA RCSC Web site will contain a link that will allow prospective users to access to the VTA Web site so they can learn about the Express Connectors operation, policies and business rules.

6.13.5.1 Account Management

The RCSC System includes the functionality for application submission by walk-up, Web site, and U.S. mail, and for payment by cash, check or credit card.  Prospective new customers may make account inquiries to the RCSC call center, online or via the IVR system.

The deposit amount for account opening is a configurable feature of the system depending upon the business rules that are established for the Express Connectors operation and are consistent with BATA guidelines.  The amount can vary depending upon the method of payment, the number of transponders issued, account type, etc.

FasTrakTM applicants meeting account pre-requisites will be immediately issued a transponder if they apply at the RCSC storefront counter or a designated retail facility.  Otherwise, the transponder will be mailed to approved applicants who establish an account.  In addition to a switchable transponder, new Express Connectors customers will receive a welcome kit that will include, at a minimum:

· Description of the VTA Express Connectors system and operation;

· Welcome letter (including the customer personal identification number (PIN) code to access the BATA RCSC Web site and IVR);

· Guidebook and frequently asked questions (FAQs);

· Transponder mounting instructions; and

· Velcro strips (or other transponder mounting devices)

· Transponder switch instructions and associated business rules.

6.13.5.2 Transponder Fulfillment

The RCSC manages a comprehensive inventory of all purchased and returned FasTrakTM transponders.  The precise type (i.e., standard, switchable), status (i.e., inventory, issued, manufacturer return, lost, stolen, disposed), assigned customer contact information , and history of each transponder from the date it was entered into the System will be retrievable from the RCSC inventory management system. The information maintained for each transponder includes:

· Current customer account assignment;

· Previous customer account assignment (if any);

· External tracking number (serial number);

· Programmed type, facility and tag IDs;

· Manufacturer;
· Type (i.e., standard, switchable)
· Date received and entered into System;

· Warranty expiration date;

· Current Status (e.g., inventory, issued, lost, stolen, manufacturer return, disposed); and

· Inventory Location, as applicable (e.g., RCSC, operating agency, retail partner).
6.13.5.3 Violation Processing
BATA will furnish an interface control document (ICD) to define TDC’s central processing’s interface with the existing RCSC violation processing subsystem.  RCSC operators will retrieve and review images to either validate license plate numbers automatically extracted by OCR or manually enter the license plate number or assign a code defining the reason the plate cannot be read. The RCSC will use its existing interface with the DMV or designated third party to determine the registered vehicle owner for a captured license plate number and mail a citation in accordance with VTA’s violation business rules. Violation transaction records without a license plate number will include a code that defines the reason the plate could not be read. TDC will track the type and frequency of codes as an element of its audit and reconciliation process.  In addition to tracking payment status and escalating violation fees and fines, the RCSC will prepare evidence packages for use by VTA staff in presenting their case against registered owners who elect to dispute a violation.  Violation payments will be deposited to VTA account(s) in the same manner as recognized SOV transaction revenue. Business rules will describe a process for placing a hold on vehicle registration for owners whose vehicle has recorded multiple unpaid violations over an established time period until all outstanding fines and fees are paid in full.
6.13.5.4 Transaction Audit & Reconciliation

Under normal operations, all of the Express Connectors SOV and violation transactions are automatically posted to the designated account after processing at the TDC by central processing.  Transactions are sent electronically from the toll zones to the TDC, where a price is assigned to each SOV transaction and writes it to the transaction record that is then sent to the BATA RCSC for account management processing and provides the basis for toll revenue receipt from BATA. The RCSC will generate a report to show how each transaction received from TDC was handled including identification of unusual transactions. 




6.14 Building Facility Requirements
TDC equipment for the Express Connectors will be installed in the existing VTA Data Center.  This Center provides easy communication and electrical connection to equipment cabinets and offers sufficient floor space for installing System hardware and communication gear. The Center has a state-of-the-art UPS supported by an emergency generator with automatic transfer switch that provides considerable excess capacity for handling future electrical loads. Trays and wireways are installed to route communication wires and cable above the floor in a manner that allows cable runs to be easily identified.  Electrical wires and cables are routed below the raised floor and terminate at outlets convenient to the rows of equipment cabinets arranged in a logical order. Card readers provide access control for the Data Center. The HVAC system is designed to easily handle the additional TDC hardware and equipment load.  VTA will furnish the local area network for routing Express Connectors data and video to designated workstations located throughout the building. The existing firewall protection will be assessed during the design phase for adequacy in handling the additional VTA Web site traffic as a result of the Express Connectors implementation.  

6.15 Enforcement
The SR237/I-880 Express Connectors Enforcement Plan, a companion document to the Concept of Operations Plan, contains detailed information on the planned enforcement of the Express Connectors facility.

6.15.1 CHP On-site Operations

Express Connectors occupancy violations will carry a minimum fine of $341 for the first offense. Toll evasion penalties, applicable to unauthorized users, are limited to one hundred dollars ($100) for the first violation, two hundred fifty dollars ($250) for a second violation within one year, and five hundred dollars ($500) for each additional violation within one year. VTA business rules will establish the actual fines and fees assessed for various violations.
The Enforcement Plan referenced above includes recommendations on enforcement operations and tools intended to assist the CHP in on-site enforcement.  Implementation of a license plate image capture subsystem will allow CHP officers to primarily focus on HOV occupancy violations.  Automated violation enforcement is also expected to provide an additional revenue stream, particularly as processing efficiencies improve and legislation is enacted (as applicable) to hold vehicle registration until all outstanding Express Connectors violations are paid to the DMV.

6.16 Lane Operational Scenarios
6.16.1 Hours of Operation Transition

The opening of Express Connectors operations at 5:00 a.m. must address the issue of single occupant users who entered the facility prior to this time with no intention of paying a toll. The alternatives to handle this group of users, if 24 hour operation is not implemented, are the following:

1. At exactly 5:00 a.m., begin charging tolls based on a built-in procedure of comparing the toll assessed during three time periods, the time period before the tag read, the time period when the tag was read and the time period after the tag is read. The lowest assessed toll for the two time periods closest to the time the tag was read time minus a default offset travel time from the display sign will be recorded with the transaction; and

2. A configurable grace period will be allowed by the system intended to provide sufficient time for a current user to travel the maximum distance (i.e., 5 miles) of the system to reach the nearest exit.  Even though the display signs will show a toll for using the facility to particular destinations, the toll assessed during the grace period will be $0.00.

Ending toll operations at 7:00 p.m. will involve setting all assessed tolls to $0.00 and building a trip using only transactions recorded before 7:00 p.m., such that a trip that may actually involve travel through three tolling zones, but only one tolling zone transaction occurring before 7:00 p.m. will constitute a tolled trip.

6.16.2 Traffic Incident/Lane Blockage in Express Connectors
A traffic incident or lane blockage will be detected in one of two possible ways. These are System recognition by means of traffic data input and by Caltrans TMC roadway monitoring in conjunction with CHP dispatch coordination. 

1. A traffic incident or lane blockage in an Express Connectors lane will be recognized within a very short time period by vehicle detectors measuring speed at a configurable amount below the established low performance threshold.  If at least two (2) consecutive vehicle detector stations (VDS) for two (2) reporting cycles or at least three (3) reporting cycles of the first VDS measure Express Connectors speed lower than a configured speed below the low performance threshold, a command will automatically be generated and transmitted to the pricing sign controller to display “CLOSED”.  In addition, an alarm will be sent to the VTA monitoring workstation and Caltrans TMC operator workstation. The expectation is either VTA or Caltrans will then use the roadway surveillance CCTV camera to find the source of the problem and dispatch the appropriate emergency response personnel to clear the incident or blockage.  The system will continue to generate and transmit an incident alarm at a user selectable interval until the alarm is acknowledged. (Consider adding functionality to send a text message to selected VTA staff when an incident or blockage is detected so Caltrans TMC can be called to coordinate and gather information on the response.) 

2. The Caltrans TMC operator will identify a potential incident using existing incident management software and roadway surveillance cameras as well as through coordination with CHP dispatch.  The operator will invoke the emergency Express Connectors System override software to display the appropriate response message on the pricing sign. The Caltrans TIMS operator will dispatch the appropriate emergency response personnel in coordination with CHP to expedite clearance of an incident or blockage.

In both instances, the TMC operator will send a message to designated VTA staff to announce the incident or blockage as been cleared and the System will be returned to the state it was in prior to the incident. The System will support a configurable delay to allow a VTA operator to alter any operating parameters prior to re-opening to traffic.

6.16.3 Traffic Incident/Lane Blockage in General Purpose Lanes

Express Connectors System will not receive traffic data from the general purpose lanes so only Caltrans TMC will be able to detect incidents and lane blockage.  This will be accomplished using existing incident management software and roadway surveillance cameras as well as through coordination with CHP dispatch.  TMC operators will follow standard operating procedure based on traffic parameters measured and observed in the general purpose lanes for overriding the Express Connectors pricing sign and diverting traffic onto the Express Connectors facility.  The price will be set to $0.00 and the nearest upstream DMS (within five (5) miles) will display a message informing travelers that the Express Connectors is open to all users.  Once the general purpose lanes return to a stable state as defined by historical traffic flow for that particular time,  the TMC operator will send a message to designated VTA staff to announce the incident or blockage in the general purpose lanes as been cleared and the System will be returned to the state it was in prior to the incident. The System will support a configurable delay to allow a VTA operator to alter any operating parameters prior to re-opening to traffic.

6.16.4 System and Facility Maintenance

Unless traveler safety is jeopardized, system and facility maintenance will be scheduled outside of Express Connectors operating hours or during late evening hours, as applicable. Correction of a problem deemed to affect safety during operating hours will be handled in accordance with the following (based on the first party to have knowledge of the problem):

 If a TMC Operator observes or is informed of a maintenance problem affecting safety and needing immediate attention, the Operator will contact both designated VTA staff and any third party contracted to provide the maintenance services required.   If Caltrans staff is responsible for facility maintenance, designated personnel will be contacted.  Personnel contact will be escalated until notice of the problem is acknowledged.  The appropriate response plan will be initiated by the TMC Operator is close coordination with designated VTA staff. 

If VTA staff observe or are informed of a maintenance problem affecting safety and needing immediate attention, for a System problem the staff will contact the designated third party contracted to provide the related maintenance services.   For a facility problem, staff will contact Caltrans staff is responsible for facility maintenance, designated personnel will be contacted.  Personnel contact will be escalated until notice of the problem is acknowledged.  The appropriate response plan will be initiated by the TMC Operator is close coordination with designated VTA staff. 

6.16.5 Pricing Sign Communication Failure

After a configurable number of unsuccessful attempts to acknowledge a command or message from the TDC, the pricing sign will either display a default message such as “HOV ONLY” or a TOD price from a historical pricing table periodically uploaded by the TDC. A parameter in the pricing sign controller configuration file will be used to enable one of these two options. This table will be a one month moving average for each 15 minute time increment for each weekday. The normal message established by a VTA business rule will be displayed during non-operating hours.

6.16.6 Toll Zone Failure

If a toll zone controller fails, the read zone controller in the same direction of travel will continue to record SOV and HOV transactions as well as send maintenance messages and receive tag status list and updates and configuration data from the TDC.  Violation transactions will continue to be recorded, but no license plate images of unauthorized user vehicles will be captured at the read zone.  The Express Connectors transaction validation process will not execute. The probability of a cross lane read will increase based on the separation of the read zone from the nearest GP lane. Only the transaction status indicator lights for SB I-880 to WB SR 237 will be available for use by the CHP.  Transponder status changes made by users who change the switch position after hearing the audible beep will not be recognized by the System. If this results in a HOV user being assessed a toll, an increase the number of calls to a CSR to dispute a toll charge can be expected.   

6.16.7 Read Zone Failure

If a read zone controller fails, the toll zone controller in the same direction of travel will continue to record SOV and HOV transactions as well as send maintenance messages and receive tag status list and updates and configuration data from the TDC.  Violation transactions will continue to be recorded and the license plate image capture subsystem will continue to capture and process license plate images of unauthorized users. The Express Connectors transaction validation process will not execute. The probability of a cross lane read will increase based on the separation of the toll zone from the nearest GP lane. The transaction status indicator lights installed on the I-880 “T” structure will operate normally while the transactions status indicator light mounted to the “T” structure will not be available for SB I-880 to WB SR 237 EC monitoring.  Since users will not be sent an audible beep at the read zone, they will not be given the opportunity to change the position of the transponder switch to match vehicle occupancy. If this results in a HOV user being assessed a toll, an increase the number of calls to a CSR to dispute a toll charge can be expected.   

7. System Assumptions and Limitations

The System initially will not be able to accommodate prospective HOV users whose vehicle has an external transponder. As stated herein, the magnitude of this problem and the efficacy of the proposed solution needs to be determined prior to implementation.  The System will log all complaints related to this limitation as a means of defining the problem. 

It is assumed that users will expect to hear and react as needed when an audible beep is either heard or not when passing through the read zone. If a particular audible sound is heard that does not correspond to the occupants in the vehicle, it is assumed the user will change the position of the switch. If no audible sound is heard it is assumed the user will quickly confirm the transponder is properly mounted to their windshield. It is further assumed that users will know that when a audible beep is not heard at the toll zone, the transponder status used by the System to process the transaction will be equal to the state the last time they used the Express Connectors. 

Appendix 9.1
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