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CCCTA

(Wheels)

Dublin/Pleasanton 

Quarterly by season; 

dates vary.

Coordinate with BART 

schedule changes.

Coordinate with other 

operators on an as-needed 

request basis, but generally 

only with BART

LAVTA

Dublin/Pleasanton 

As needed, on uneven 

intervals. 

Pulses routes per BART 

schedule. Sync layovers of 

buses with BART. No 

coordination with others 

except two shuttle routes 

that feed ACE.

The coordination of BART 

and LAVTA flows over to 

Livermore Transit Center 

via Route 10 schedule 

(trunk line, represents half 

of LAVTA ridership)

BART

Embarcadero/Ferry

Dublin/Pleasanton

El Cerrito Del Norte

As needed. More often 

lately due to changes 

in SFO routing.

Operators generally 

coordinate with BART. All 

WestCAT lines designed to 

serve BART at El Cerrito.

Golden Gate 

Transit

San Rafael

Embarcadero/Ferry

El Cerrito Del Norte

Quarterly (September, 

December, March, 

June). Contracted by 

labor unions.

No coordination with MUNI 

at Embarcadero. 

Coordinate with Blue/Gold 

Ferry in Sausalito. 

Coordinate with SC Transit 

at San Rafael.

If schedules are changed at 

other times, transit guide is 

reissued

AC Transit 

El Cerrito Del Norte 

Changes quarterly on 

an as-needed basis. 

Schedules reprinted if 

changed.

Schedules match BART to 

some extent.

Major service change 

scheduled in September 

2006. Part of September 

plan to coordinate with 

BART/GGT. 

Caltrain

San Jose Diridon 

Updated on an as-

needed basis. 

Asks VTA to coordinate their 

schedule with Caltrain.

Caltrain service coordinates 

to BART schedule at other 

stations, which carries 

down line.

MUNI

Embarcadero/Ferry

Updated at most 

quarterly, but only if 

needed.

No specific schedule 

coordination with other 

operators.

Frequency of service allows 

easy connections with other 

operators. Plans to provide 

MTC with schedules in XML 

format to automatically 

update schedules when 

changed.

Vallejo Ferry

Embarcadero/Ferry

Pending

Pending

Pending

VTA

San Jose Diridon 

Quarterly (January, 

April, July, October). 

Coordinate with Caltrain as 

much as possible, mostly 

with Bullet and Limited 

routes. 

Focus on connecting with 

Caltrain, especially 

express. Opening of light 

rail station improved service 

into downtown. Generally 

always option available to 

commuters to downtown. 

Sending a letter to other 

operators to better 

coordinate schedules.
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The purpose of this paper is to evaluate the need for improved schedule coordination and real-time transit information resources at the major regional transit hubs in the Bay Region.  Based upon the needs that were identified during the evaluation process a series of recommended improvements and actions have been defined.  The evaluation consisted of a review of current conditions and practices at five major regional transit hubs that are prototypical of the major types of hub in the Bay Area.  It also included a series of focus group and trip diary research sessions that were designed to elicit the direct opinions and perceptions of the customers using transit.  Finally the evaluation included direct coordination with MTC staff and the transit operators.

Schedule Coordination

The San Francisco Bay Area has increasingly become a multi-centric travel market requiring a flexible and coordinated public transit system that conveniently links many trip origin locations with many trip destination locations.  Many regional trips require passengers to transfer from one transit system to another.  Thus, it is important to design transfers between transit operators to be as “seamless” as possible.

An overview and summary of key passenger transfer concerns, scheduling relationships and issues, planning considerations and strategies, criteria for schedule coordination and discussion of opportunities for schedule coordination at regional transit hubs in the San Francisco Bay Area are presented in this section.

Methodology

The review and evaluation of schedule coordination issues was accomplished through the following efforts:

· Prototype Hub Evaluations – Schedule coordination was a key consideration in the process of selecting and evaluating the prototype regional transit hubs.

· Five Prototype Hubs – The project team visited each of the five selected prototype hubs and observed operations.  The selected hubs were:

· San Rafael Transit Center 

· San Jose Diridon Station 

· El Cerrito Del Norte BART Station 

· San Francisco Ferry Terminal/Embarcadero BART Station 

· Dublin/Pleasanton BART Station 

· Hub Task Force – For each of the selected hubs a Hub Task Force was formed that included representatives of the planning, marketing and operations staff from each of the operators serving the hub, and representatives of the local jurisdiction(s) where the hub was located.  A half day was spent at each hub with the task force to review the function and operation of the hub.

· Schedule Review/Analysis – For each of the hubs the existing transit service schedules were collected and analyzed.  The quality of the schedule coordination between operators was evaluated by time period for an entire day.

· Interviews with Operators – For each of the hubs, all the operators were interviewed to determine their current scheduling practices and to learn how they currently coordinate schedules with the other operators at the hub.  

· Customer Outreach – The perceptions and experiences of the transit users at each hub as to the quality of schedule coordination was determined through the use of a focus group for each hub and a trip diary exercise involving individuals who were novices in the use of public transit.

· Best Practices – Research was conducted to identify the best schedule coordination practices locally, nationally, and internationally.

Passenger Transfer Concerns

The ease of making a transfer connection between transit operators has a significant impact on the perceived quality of the overall trip and may determine if the passenger will use transit for trips in the future.  The issues of most concern to passengers are:

· The added cost and fare payment effort involved in transfers;

· Time added to door-to-door trip (out of vehicle wait times has been well documented as being considered more onerous than time spent on vehicles);

· Risk of missing connection, particularly if it is the last trip of the day or service period; 

· Reliability of connection;

· Security at transfer point;

· Weather protection at transfer point;

· Complication and confusion (for occasional riders); and

· Inconvenience of boarding and de-boarding vehicles an extra time (particularly for disabled riders).

The evaluation conducted in this study was designed to determine the actual extent to which these factors are important to the customer.

Scheduling Relationships and Issues

Most transit schedules are designed to maximize the efficient use of transit vehicles.  The schedules optimize the number of scheduled bus/train trips for the fleet and attempt to “best fit” service capacity to the volume of passenger demand.  In general, this means operating the buses, ferries and trains as fast as possible with the minimum amount of transit fleet time spent not in passenger service.  Schedules provide “layover time” at the ends of transit lines for vehicle operator rest and for schedule recovery.  The schedule recovery time aspect of layover time is contingency time that is provided to help assure that transit vehicles begin their passenger service runs on time even when they arrive late at their terminal.  For very long transit lines and lines that are plagued with traffic delays, schedule adjustment points are occasionally provided mid-point along the route.  Layover times are prime opportunities to coordinate passenger transfers, since transit vehicles typically dwell for 5 to 20 minutes at these locations.  Consequently, no time is lost by transit operators and because there are no through riding passengers at the end of the line, no inconvenience is caused to passengers.  Vehicle operator end-of-line rest requirements are generally defined in union agreements.  

It should also be understood that transit operators modify their schedules two to four times each year.  Most operators have different schedules for school and non-school service, with school service schedules based on local school session schedules.  These factors complicate the coordination schedules between transit operators.

Clockface Schedules - Many transit operators design their service schedules to be easy for passengers to remember.  These schedules are referred to as “memory headways” or “clockface headways.”  Buses and trains operating on memory headways run at easy to remember uniform intervals (hourly, every 30 minutes, every 20 minutes, every 15 minutes or every 10 minutes).  Passengers simply remember that their bus or trains arrives at their stop at consistent times (e.g. at 20 and 50 minutes after the hour for half hour headway service).

Schedule Coordination Operation Planning Considerations

These uniform memory or clockface headway intervals can allow for service on different lines to be coordinated at key passenger transfer points if the headways are the same or in multiples.  The amount of time required for the schedule coordinated passenger transfer time is an important planning consideration as is the location(s) for the scheduled “meets.”

Location of Regional Transit Schedule Coordination or Pulse Transfer Points - Just as it is often not possible to provide perfect progression in both directions of travel for traffic signal systems, it is often difficult to establish transit pulsing points for all directions of transit service.  The spacing of the pulse points are determined by the service headway and running times between pulse points.  Because transit running times vary over the course of a day, pulse operation is often at less than optimal efficiency but rather is based on slowest running times.  For transit lines that serve directional peaked travel markets the schedule coordination can be more easily set to favor peak direction passenger flows.  

End-of-line pulse points are easier to operate than mid-route pulse points, since the transit routes have fixed termini and end-of-line layovers provide efficient opportunities for buses to dwell for passenger exchanges.  End-of-line schedule coordinated pulse operations also eliminate delays to through riding passengers since no passengers are riding through the end of line.  

Schedule coordination at mid-points along the transit line may cause delay to passengers continuing past the transfer point.  For cross platform coordination points the time loss tends to be quite short (perhaps a minute), but for larger transit centers like Fremont BART the time loss for through riding passengers can be substantial.

Length of Transfer Pulse Times - Time requirements for transfers can also be very substantial at transit centers that have long walking distances like Dublin/Pleasanton BART.  At this station the walk time between the BART platform and the north side transit center can be as much as ten minutes.  For transit centers with long walking distances, schedule coordinated transfers are virtually impossible, except at the end of transit lines, where transit vehicles sit for long layovers (15 to 20 minutes).

Schedule Coordination Transfer Strategies

Basic scheduling strategies used to make passenger transfers more convenient include:

· Simultaneous pulse schedules

· Staggered or alternating pulse schedules

· Directional schedule coordination

· Dependent linked schedules

Simultaneous Pulse Schedules – This concept schedules all transit lines to converge on a transit passenger transfer hub at the same time, remain for 3 to 5 minutes and depart.  For example, if all transit lines connecting at passenger transfer point operate at 30 minute intervals, all of the lines can be coordinated to allow passengers to transfer.  The 3 to 5 minute pulse time provides 1 to 3 minutes for passengers to deboard, walk and board the transfer transit line as well as a partial allowance for late arriving buses and trains.  Operating all transit lines at the same frequency generally proves not to be efficient since the headways of all lines need to be set to accommodate demands on the busiest transit line.  It becomes increasing difficult to operate simultaneous pulse transfers as the number of transit lines increases (lengthens walking times between transfer lines) and as schedule reliability becomes a problem.  Increasing pulse times beyond 3 to 5 minutes reduces operating efficiency and also increases delays for non transferring through riding patrons.

Staggered or Alternating Pulse Schedules - If several of the lines operate on 15 minute headways and several operate on 30 minute headways, an offset or alternating transfer pulse can be established.  For offset/alternating schedule coordination pulses, not all of the transit lines are coordinated for all meets.   

Directional Schedule Coordination - Schedules can also be set to favor assurance of transfer connections between less frequent service (e.g. hourly headway) and frequent (15-minute headway) service.  Missing the hourly service connections is much more of a hardship than missing a 15-minute connection. 

Dependent Linked Schedules - Sometimes feeder bus networks are dependently linked to major trunk line.  The feeder buses essentially will not depart the station until the trunk service has arrived and passengers given the time to make transfer connections.  If the trunk service is late, the feeder buses will be held and will depart late.  This operation adversely impacts riders boarding at other points along the feeder bus line, but if most passengers are transfers from the trunk service this concept has proven successful.  Examples of this form of operation are the feeder buses for Capitol Corridor and San Joaquin trains.

Innovative Pulse Schedule Strategies

As noted in the discussion on planning considerations, establishing more than one point for coordinated timed transfers in a network of hubs must recognize transit running times between transit hub locations.  It is, however, possible to make improvements to shorten running times to make schedules work.  The Swiss Railway favors track and signal investments that will make connections viable.  As an example, if the running time between two hubs is 35 minutes and 30 minutes is needed to make the network feasible, the Swiss Railway will invest in improvements to lower the running time to the required 30 minutes.    Success is predicated on precise on-time schedule performance.  It also relies on design of regional transit hubs that allow quick passenger transfers (three minutes). 

Some discussion has advanced to implement a Northern California regional “pulsed-hub” public transit network.  It recognizes that a prerequisite for this network is improved on-time schedule reliability.  Investment in improved schedule reliability is suggested as the first phase for implementing the Swiss Railway model for Northern California.  The proposal would initially target Caltrain and the Capitol Corridor schedule reliability investments.

While this approach would be difficult in the San Francisco Bay Area because of congestion and the higher frequency of service on many transit lines, variants might be considered which would improve the reliability of connections.  Investments in priority measures to improve schedule reliability should be explored.  These could be queue jumpers, HOV lanes, bus use of freeway shoulders, or traffic signal preempts near transit centers for late running buses.  They could also include prioritizing Caltrain and Capitol Corridor improvements that have been identified and are under review as part of MTC’s Regional Rail Plan (new crossovers, selected double and triple tracking projects).

Criteria for Schedule Coordination

Pulse transfers are a common element of many suburban and semi-urban transit systems where the base headways are 20, 30, or even as much as 90 minutes.  The infrequency of the services can create major transfer delays if the schedules are not carefully coordinated.  In the San Francisco Bay Region, at most of the regional transit hubs, service schedules tend to be more frequent.  When all the factors that go into a transfer are considered – such as the walk time – and that buses may arrive a few minutes early or late depending on traffic conditions, attempts to precisely time the arrival and departure of each transit service with other services may create more complexity and delay than just assuring that the schedules or the different transit services provide a reasonable degree of coordination.  The result is that pulsed transfers may not be appropriate at most of the regions hubs until supported by improved schedule reliability.  However, where services are infrequent in nature, timed transfers may be quite beneficial. 

Based on an understanding of passenger transfer concerns, transit operating environments and physical limitations at regional transit hubs the following criteria are recommended for schedule coordinated transfer operations.

1. Hubs where/when regional trunk transit service headways are longer than 15 minutes – In cases where service headways are greater than 15 minutes for all or some service, it is beneficial to provide coordinated transfers so that passengers are not required to wait for excessive amounts of time (30 minutes or more) to make their connections.  For service with shorter headways, schedule coordination is not as important, especially when the required coordination dwell times begin to overlap with the headway length. 

2. Last trip of day connection for regional transit lines – Missing the only or the last trip of the day carries major problems for riders, so assuring the last trip connection is very important.

3. Hubs having reliable regional transit schedule performance – Schedule coordination is only possible if service runs on time.  BART is the only transit operator in the Bay Area that has its own exclusive right of way and control of track dispatching.  All other bus and train operators must contend with traffic congestion or right of way dispatch control issues.  Ferries must deal with weather delays.  As such, it is very difficult for most operators to maintain precise schedules.  Late evening and early morning traffic congestion tends to be less of a problem and better schedule maintenance typically is achieved.  Successful timed-transfer operations, like those of the Swiss Railway, generally have the benefit of exclusive right of way operations and management of track dispatching.  UPRR controls track dispatching priorities on most Bay Area railroad tracks including a short portion of Caltrain track near San Jose Diridon Station. 

4. Hubs where a high proportion or numbers of passengers transfer between transit lines – schedule coordination is most important at hubs where large numbers of transfers are made.  In some cases, certain transfers at one station are more popular than others.  Conversely, it is not as critical to coordinate schedules for passenger transfers if only a small number of passengers are transferring.

San Francisco Bay Area Hub Network Assessment 
The backbone of the San Francisco Bay Area’s regional transit system is BART.  BART operates on its own controlled right of way at relatively frequent headways.  It has good schedule reliability and the short headways lessen the need for schedule coordinated transfers to/from other transit systems.  During off-peak service periods BART coordinates schedules for the Pittsburg/Bay Point-Daly City Line with those of the Richmond-Fremont Line at Oakland Stations to facilitate passenger transfers.  These cross platform transfers are quick and very convenient for passengers.  Caltrain also operates close to its scheduled times.  With the recent implementation of the Baby Bullet service, Caltrain has been continuously adjusting train schedules.  In the near term, these frequent schedule changes complicate schedule coordination with other transit operators.

Eleven of the twenty-one defined Regional Transit Hubs are served by BART.  Coordination of local feeder bus schedules with BART schedules is desirable.  Difficulties arise when BART, local feeder bus operators or both change schedules.  Desirably, the outbound last bus trip of the day should be coordinated with BART’s schedule.  Regional bus services typically are more impacted by congestion; their schedules therefore are more unreliable than the local feeder bus services.  The outbound connection from BART to regional bus service should be schedule coordinated, particularly for the last trip of the day.  The single direction coordination strategy provides ample time for passengers to make the transfer.

As important to regional transit hubs, improvements to regional transit schedule reliability are very important to the success of a multi-destinational regional transit system.  Schedule reliability needs to be improved to near three minute precision and in some cases running times might need to be improved to facilitate schedule coordinated pulse transfer operations. Regional bus services that operate on  HOV lanes also could achieve the required reliability needed for schedule coordination.  Traffic signal priorities for late running buses should be considered to help buses meet transfer schedules.

For transit hubs, the keys to success include reliable service, 3 minute maximum transfer times, effective wayfinding and seamless fare systems.  Improvements might be needed to shorten transfer times (e.g. vertical circulation systems, ticketing and operational assignment of buses/trains to loading positions).  Any measure to reduce passenger anxieties regarding their transfer should also be pursued (e.g. real time information at hubs and on board trains, buses and ferries).

The following schedule coordination issues/opportunities were noted at the 21 transit hubs:

· Dublin/Pleasanton BART Station – Outbound, and particularly the “last trip of the day” coordination with less frequent County Connection, Modesto Transit, and SMART regional services, would help minimize passenger transfer anxieties.  The inability to reliably schedule transfers from buses (traffic congestion) to BART and the minimal consequence of a missed connection transferring to more frequent BART service make it less critical to coordinate inbound service transfers.  WHEELS service is more frequent than other operators at this station and operates on clockface scheduling.  The outbound transfer from BART to WHEELS should also be coordinated with BART train arrivals. 

· Fremont BART Station – Congestion complicates coordination of BART bus connections.  However, last trip of the day schedule coordination should be provided for outbound feeder buses serving the Fremont BART Station.  To the extent that VTA bus schedules allow, the outbound connection from BART should also be coordinated.  

· Oakland City Center/12th Street BART Station – BART service is very frequent at this station and street-level bus facilities cannot accommodate the bus layovers needed for schedule coordination.  Service is sufficiently frequent on BART and AC Transit buses to not require schedule coordination except for the timed transfers between BART’s train lines.

· Coliseum/Oakland Airport BART Station – The key schedule concern at this station relates to the Air BART shuttle.  Its hours of operation should be identical to BART’s.  At present it does not begin service until 5 am; before that time, air passengers have no link to reach the airport.

· Pleasant Hill BART Station – Key coordination needs at this station relate to the outbound BART to bus connections to Benicia Transit and Fairfield-Suisun Transit long-distance bus lines.  Linked schedules for Benicia and Fairfield-Suisun Transit buses should be considered to ensure transfer connections.

· El Cerrito del Norte BART Station – Although inbound buses are likely to be subjected to traffic delays, the missed connection to BART service is less important because of the frequency of BART service.  The outbound connection from BART to bus is more critical.  For this reason, the single direction from BART transfer coordination strategy is suggested.  Coordination with Vallejo Transit’s 90 and 91 long distance lines and with Golden Gate Transit’s Route 40/42 appears to have the greatest needs.

· Richmond BART Station – Schedule coordination at this station appears sufficient and does not warrant special efforts.

· Embarcadero BART Station/ Ferry Terminal – Most transit service to this hub operates very frequently, but aside from BART service, schedule reliability suffers due to traffic congestion.  Schedule adherence seems a more critical need than schedule coordination at this hub.

· Montgomery Street BART Station – Similar to the Embarcadero Station, transit frequencies are good the key problem tends to be schedule adherence.

· Civic Center BART Station – BART and MUNI service operates quite frequently to the Civic Center Station.  While Samtrans and Golden Gate Transit services operate less frequently, the demand for transfers does not appear significant and little space exists at the Station to pulse buses.  Schedule coordination therefore does not seem to warrant special emphasis at the Civic Center Station.

· Millbrae BART Station – Schedule coordination of San Francisco bound BART trains and Caltrain service has been successful and should be continued.

· San Rafael Transit Center – The current schedule coordination at the San Rafael Transit Center appears to work quite well, except for schedule reliability problems occurring mostly due to congestion on Highway 101, but also to a lesser extent to traffic in Central San Rafael.

· San Francisco Caltrain Station – Improved schedule performance for Muni and other transit operators using surface streets is needed before transfers can be effectively coordinated without linking bus schedules to Caltrain arrivals.  Muni does coordinate with inbound train schedules.

· San Jose Diridon Station – This station is served by Caltrain, ACE, Capitol Corridor, and Amtrak rail service. Santa Cruz bus service and VTA buses and light rail service.  A potential challenge at this station is how to shorten passenger transfer times between regional transit services.

· Palo Alto Caltrain Station – This is an important interface station for VTA and SamTrans bus services as well as for Caltrain and the Dumbarton Express bus.  Schedule adherence is a challenge for most of these services except Caltrain.  If Samtrans moves ahead with BRT plans for El Camino Real (Route 390) the service should be coordinated with VTA’s BRT Route 22.  The Dumbarton Express should also be coordinated if possible with the BRT bus lines.

· Mountain View Caltrain Station – The important regional service link at this hub is the connection between VTA’s Tasman light rail line and Caltrain.  This cross platform transfer should be feasible to coordinate since the light rail line terminus is at this hub. 

· Great America Station – ACE, the VTA Tasman light rail line and a number of VTA bus lines serve this hub.  Coordinated connections between ACE and the Tasman light rail line are desirable.

· Vallejo Intermodal Center – Vallejo Transit, Benicia Transit and Napa Transit bus schedules are planned for coordination with ferry schedules with the completion of the new intermodal center.  Currently, the Vallejo bus transit center is located at York and Marin, which is remote from the ferry terminal.  Schedule coordination between buses and ferries is not possible.  However, the current bus transit center pulse seems to work. 

· Santa Rosa Transit Center – Traffic congestion on Highway 101 complicates effective coordination.

· Napa Intermodal Center – Coordination of bus schedules is understood to be an integral element of the planned Intermodal Center.

· Fairfield Transportation Center – Significant increases in express bus service is envisioned for Solano County with the Fairfield Transportation Center at the heart of this service.  Planned HOV facilities should help improve schedule reliability on I-80 and I-680 making schedule coordination more feasible.  In the eastbound direction of service, schedules should be coordinated between I-80 buses and SR-12 buses.  In the westbound direction, schedules should be coordinated between buses bound for the Carquinez Bridge and the El Cerrito del Norte BART Station, the I-680 Corridor and the SR-12 Jamieson Corridor.

Existing Scheduling at Prototype Hubs

The selected prototype hubs for the Connectivity Study reflect a representative sample of transit operations in the Bay Area, including commuter rail, light rail, ferry, bus, and shuttle operations.  Since shuttle operations will be discussed in the “Last Mile” portion of this project, the scheduling of shuttle operations is excluded.  Excluding shuttle operations, there are 9 major operators that provide service to the five prototype hubs.  Each of these transit operator’s approach and methodology to providing service is varied and this section is intended to provide background information on their existing scheduling operations and related preliminary findings and recommendations.

Existing Transit Service Schedule at each Prototype Hub

Concurrent with the efforts for Task 3A: Conduct On-Site Evaluations at Five Prototype Hubs, Kimley-Horn assembled the scheduling information for each transit operator and each transit route operating at each of the five prototype hubs.  Kimley-Horn used the following resources to compile this schedule information:

· On-line schedule information available on transit operator websites

· Printed schedule materials available at hub locations

· Phone interviews with individual planners at each of the major transit operators

Kimley-Horn completed the data gathering for schedule information in June 2005.  

Sample of Typical Transfer Times and Options at each Prototype Hub

Kimley-Horn completed a review of the schedules for each of the five prototype hubs to develop an understanding of the level of transit connectivity that occurs between transit services. Due to the number of routes and the varying length of service to and from the hubs a sample of peak period travel times was compiled.  The following periods were sampled to evaluate the current availability for transfer and time to transfer:

· Early Morning: Transit service early in the morning is often limited and connections to other services are typically less available.  The first arrival or departure of transit service provided by each operator at each hub was sampled to evaluate available connections during these early morning periods.

· AM Peak: The morning peak between 7:00AM and 9:00AM each weekday is a critical time period of ridership, especially commuter ridership.  Availability of connections and limited transfer time during this time period are crucial to the customers using the transit system as a commute option.

· Midday Peak: Mostly related to lunch and errand activities of customers, the midday peak between 11:30AM and 1:30PM typically experiences a higher ridership level than adjacent off-peak periods.

· PM Peak: The afternoon peak between 4:00PM and 6:00PM each weekday is a critical time period of ridership, including commuter, tourist, casual user, and other general ridership.  Availability of connections and limited transfer time during this time period are crucial to the customers using the transit system as a commute option and helpful to all users.

· Late Evening: Transit service late in the evening is often limited and connections to other service are typically less available.  The last arrival or departure of transit service provided by each operator at each hub was sampled to evaluate available connections during these late evening periods.

In addition to sampling specific to time throughout the day it is important to understand transfers between transit modes.  When compiling a sample of available transfers and transfer times the connections between the following mode types were specifically noted:

· RAIL-to-BUS: This transfer type may occur at four of the five prototype hubs.  Typical transfers are from BART, Caltrain, or VTA/Muni Metro rail to bus transit vehicles.

· BUS-to-RAIL: This transfer type may occur at four of the five prototype hubs.  Typical transfers are from local bus routes to BART, Caltrain, or VTA/Muni Metro rail.

· BUS-to-BUS: This transfer type may occur at all of the prototype hubs. A primary example of a hub with Bus-to-Bus transfers is the San Rafael Transit Station, where no rail transfers are available.

This sample is based on published schedule information compiled in May and June of 2005 and does not include any discrepancies in schedule reliability due to track delay, traffic congestion, etc.  Major transit routes were chosen for each hub and each operator to best evaluate the available transfers used by the largest population of transit customers.  Specific arrival/departure times evaluated are detailed in the Appendix.

The following Tables 1 through 5 detail the sampling of transit schedules at each of the five prototype hubs and transfer times to make each type of connection as indicated across the top of each table (rail-to-bus, bus-to-rail, and bus-to-bus). Review of these sample transfer times shows that schedules are relatively well coordinated during the AM and PM peak periods, but less so during off-peak periods.  Coordination during the Early Morning and Late Evening arrival/departure tends to be of less quality than that for the rest of the day.  This issue is covered in more depth in the “Last Mile” report (Tech Memo 7) for this project.   The quality of the schedule coordination at a given hub varies depending on a number of factors.  The hubs with the most intense activity such as the Embarcadero BART Station/Ferry Building tend to have good coordination because the services provided by most operators is quite frequent through the day (see Table 3).   In contrast for the hubs with less intense service such as the San Rafael Transportation Center (see Table 5, the quality of the schedule coordination is good during the peak periods, but drops off significantly in the early morning, midday, and late evening.   Generally this pattern was true for all of the hubs.

Table 1 – Dublin/Pleasanton BART Transfer Times between Modes
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Table 2 – El Cerrito BART Transfer Times between Modes
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Table 3 – Embarcadero BART/Ferry Terminal Transfer Times between Modes
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Table 4 – Diridon Transit Center Transfer Times between Modes
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Table 5 – San Rafael Transit Center Transfer Times between Modes
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Summary of Transit Operator Scheduling Practices and Methodologies

Current scheduling practices between these operators was identified as an issue to be addressed to improve the connectivity of the overall Bay Area transit system.  To best understand the current scheduling practices of transit operators at each of the five prototype hubs, phone interviews were conducted to learn information concerning the current practices including the two major topic areas:

· Frequency schedules are updated: Many of the operators in the Bay Area update their schedules quarterly, but some update on an as needed basis or on a different frequency of update. This category details the frequency that the major operators at the five prototype hubs update their schedules.

· Coordination with other operators: Many of the operators in the Bay Area coordinate their schedules with dedicated rail operator schedules.  For example, LAVTA coordinates its schedules at the Dublin/Pleasanton BART station with BART train service.  This category details the manner in which schedules are currently coordinated between operators at each of the five prototype hubs.

Table 6 details the information received from each of the transit operators concerning the current scheduling practices.  An item of note based on the information received from transit operators and illustrated in Table 6 is that very few formal meetings or calls appear to take place to coordinate schedule practices.  Coordination of schedules appears to be solely on an as-needed basis and per route basis at this time.

Table 6 – Transit Operators’ Scheduling Practices
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Customer Perceptions about Schedule Coordination

The focus groups and the trip diary research suggested that the customer generally do not perceive schedule coordination to be a major concern.  At the five transit hubs less than 18 percent of the focus group participants indicated that they were unsatisfied with the quality of their connection.  Still many participants indicated waits of up to 25 minutes and some up to an hour or more.  

The trip diary participants generally reported between 5 – 10 minutes waits for their transfers.  One key concern was that the time required to walk from one transit stop to another can result in missed connections. 

The participants were all very supportive of the provision of real-time transit information to help them understand when and where their connection will actually depart.

Recommended Schedule Coordination Improvements and Actions

Based upon the evaluation of schedule coordination issues at the regional transit hubs the following recommendations are proposed:

· When and where services are infrequent, coordination of schedules can yield major benefits to the customer.  At the major regional transit hubs, infrequent services (30 minute headways or more) generally only occur in the early mornings and late evenings, and on weekends.  Of more critical concern is the coordination of the first services in the morning and the last services at night.  Transit operators should focus on closely coordinating their services during these time periods.  

· One of the major time factors in a transfer can be the walk time from one transit stop to another.  At the Dublin/Pleasanton BART Station it can take as much as 10 minutes to walk from the BART platform to the most remote bus boarding berth.  Physical modifications to reduce these walk distances would be desirable, especially when considering wheelchair or disabled needs, but in-lieu of such a major capital expense, periodic surveys of transfer activity between transit services can help to determine the number of transfers occurring between transit services and routes.  This information can be used to move the highest volumes transfers closer together, reducing walking distances.  

· The customer research conducted as part of this study suggests that many customer concerns about schedule coordination can be partially alleviated by the availability of real-time transit information.  The second part of time paper goes into detail as to what real-time elements would be most effective.

· The reliability of transit service scheduling is very important to the customer, yet very little information is actually available as to how reliable the services at a given hub actually are in achieving the actual schedule.  Many customers plan their trips based on printed schedule information, and are can be greatly inconvenienced if the service does not arrive or depart at the expected time.  Real-time information systems offer an opportunity to provide access to schedule reliability information that has not been available in the past.  A program should be developed to provide periodic reports on service schedule reliability at each of the region’s major transit hubs. 

· Ultimately, a system of high-speed trains, express buses and ferries operating between designated regional hubs is the key to developing a seamless Bay Area transit system.  In Europe, where the regional and intercity rail networks are well developed, schedule connectivity is often given priority over travel times and service frequency as an objective.  The Swiss railway system embodies this concept with a rail network specifically designed to provide train arrivals in the major hub cites every hour on the hour.  The Bay Region is not in a position to provide such a high level of connectivity, but improvements to the regional rail system should place emphasis on the concept of creating timed connections between intercity and commuter rail services (and eventually high speed rail) at the region’s key rail hubs.

Real-Time Transit Information

The outreach efforts conducted during this project confirmed that the need for accurate transit information is important. Not only do customers want up-to-date static information, but there is clearly a need and desire to have accurate real-time information whether provided by phone, web or signs at transit centers. Since the Bay Area has a diverse population with different needs, one platform for disseminating real-time information is not sufficient.

The following goals for real-time transit information where developed with keeping customer needs in mind and with the ultimate goal of enhancing connectivity: 

1) Evaluate the use of the 511 Phone, 511.org and Real-Time Signage for the dissemination of real-time transit, 

2) Recommend guidelines for the deployment of real-time schedule information signs including a consistent approach for signage content and design,

3) Recommend improvements to 511 Phone and Web service, and 

4) Consider long-term goals for establishing a regional architecture to oversee deployment of real-time technology. 

It is important to note that many of the real-time tools detailed in this section communicate connectivity to customers; however, although these tools provide the customer with connectivity information they do not ensure connectivity.  The implementation of management tools can also enhance connectivity by improving the reliability of transfers.  Some of these management tools are discussed further in this report. 

Existing Real-Time Transit Information Tools

There are several transit operators in the Bay Area who are currently providing real-time transit arrival/departure times for select routes within their system.  In addition, MTC is in the process of developing real-time transit information architecture for the gathering of real-time transit information from these and other Bay Area transit operators.  The architecture will also define the dissemination interfaces of the real-time information to transit system users and serve as the means and direction to integrate information from the transit agencies.  

Real-Time Information Dissemination

There are several different ways of providing real-time transit information at transit hubs.  The more popular methods include, but are not limited to, the following:

· Dynamic message signs

· Telephone

· Kiosks

· Web/Web-enabled phone/PDA

Dynamic Message Signs

The use of dynamic message signs provides the customer with text-based messages that can be updated frequently. For example, if a customer is connecting from rail to bus, they can check the dynamic message signs to get updated arrival information of the bus or rail. These signs can also come in many different sizes and shapes to be the most effective for the operating environment.  Some of the display signs have simple scrolling messages, while others display several lines of arrival time information.  Figure 1 provides some examples of real-time transit information signs. 
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Telephone

The 511 Program is a regional traveler information system owned, operated and managed by MTC to consolidate Bay Area transportation information into a one-stop resource available 24 hours a day, 7 days a week.  The 511 Program includes both a phone service (dialed as 511) and a web service (accessed at 511.org).[image: image12.jpg]


 The 511 phone system provides information based on voice or touch tone commands.  Currently, by dialing 511, anyone can access real-time information by negotiating through a series of menus.  Currently, real-time transit arrival information is provided via the 511 Phone system for MUNI’s J, K, L, M and N lines as well as the historic F-line trolley streetcars. Disseminating real-time transit information over the phone grants customers access to arrival predictions from anywhere they have cell coverage.  The potential to reach a large audience is great since riders can find out about their next bus or train from their home, office, shopping store, café, sidewalk, or at a transit stop.

Customers can also go to the 511.org website, get redirected to the Muni real-time website, nextmuni.com, and obtain arrival prediction information for all stops along these MUNI lines.  The website also provides a graphical representation of where each vehicle is located along with arrival predictions for each stop.  

Kiosks

The use of information kiosks with a high speed Internet connection can be valuable at transit centers that attract customers who are not particularly knowledgeable of the area.  The fact that a kiosk can provide both text and graphical information in a customer interactive session lends itself well to unfamiliar transit customers.  Based on the Task Force Hub meetings and focus groups, some customers, such as tourists and those searching for landmark information, prefer information kiosks for accessing real-time and other types of information.  Moreover, other potentially useful information including telephone numbers, 511.org website, and other operator websites and services can be displayed and provided to the customer using a high speed Internet connection at a transit center.  However, kiosks have not had many successful deployments in a transportation environment. With information kiosks there must be a clear process for operating, maintaining and troubleshooting the device and its network connections.  Kiosks are prone to vandalism including aesthetic (graffiti) and destruction (damage to touch screens or keyboards).  Moreover, as with any device that is connected to the Internet, there will be network connectivity and security issues including peripheral network devices that will need to be restarted, viruses that need to be cleared and other associated network administration issues.  Another limiting issue with the use of a kiosk is its single-user interface.  This makes its usability less cost-effective when considering the large number of customers who want real-time information but would be unable to obtain it since kiosks only disseminate information one customer at a time.

Web/Web-Enable Phone/Personal Digital Assistant (PDA) 

Detailed real-time information can be available via the web. Graphical displays and tables can be provided, because the user is typically at a computer with a larger display and possibly a higher bandwidth connection. This allows for more information to be requested and provided. Although the Bay Area probably has one of the highest user bases of the internet in the nation, there is still a significant part of the population that does not have regular access to the internet and for that purpose access to real-time transit information via the web. Additionally, the user of the web via computer will also not necessarily be close to or at the transit hub unless they have portable access to the web, which is an even smaller subset of the user base.

The use of a web-enabled phone or a PDA is a valuable tool for the receipt of real-time information for those who have them.  Similar to a kiosk with an Internet connection, these devices can provide both text and graphical information to a customer in an interactive session and can provide useful information for the unfamiliar transit customers.  However, unlike kiosks, these devices do not have high speed connections to the Internet, and thus the information provided must be purposefully streamlined (i.e., any graphical information must be reduced in size to enable transport over the limited bandwidth of these devices) when disseminated from the 511 system for display on the mobile device. There are also applications where text messaging can be used to request and receive arrival times at specific locations. More and more phones now provide text messaging services and a service like this could easily be coupled with a web service to provide on the go information to customers. Again, as discussed above consideration should be given to the smaller subset of the users that have access to the higher technology applications and the service should be tailored to reach the largest distribution of the customer base.  
Existing Real-Time Transit Information Issues

This section summarizes some of the real-time information issues that have been identified at the prototype hubs.  A majority of the customers want to have real-time transit information at the hubs and the ability to call 511.  In addition, given the diversity of the Bay Area, there is a desire for the transit information to be disseminated in other languages.  One element that is used for the dissemination of real-time is the use of real-time signs.  Real-time signs, combined with the use of map displays, which contains static information about the transit system (e.g., routes, schedules and stop locations), can be useful for transit customers who are not familiar with the system or the area.

Placement of Real-Time Signs 

It is very important to locate new real-time signs at locations where it will be useful for the transit customers.  In some locations, customers want to have real-time signs at each loading platform.  In other locations, the existing real-time signs are too small to be useful for customers, even though they are located in a logical area for information dissemination.

Because there are many signs, both static and dynamic, customers felt that there should be better coordination for placement of the various signs.  The concern is that if there are too many signs located within a certain area, customers may miss the sign with the real-time information for which they are looking.

At times when real-time arrival or departure information is not available for display, scheduled arrival or departure information could be displayed on the signs for the customers.  This would make use of the signs to provide other useful information to the transit customer.

The focus group participants also indicated that they have a preference that real-time signs should be located outside of paid areas to maximize the benefit and exposure to the customers.

Real-time information accuracy

The accuracy of the real-time prediction information is very important for the transit customers.  In order for the customer to rely on the information, it has to achieve an acceptable level of accuracy.  Acceptable levels of accuracy can vary between prediction times. Predictions that are greater than 30 minutes have a larger margin of error then predictions that are under 10 minutes.  Each agency should have their own accuracy thresholds and should monitor their adherence.  If their performance does not meet regional standards, the regional real-time system may not disseminate the non-conforming data. 
Voice Recognition System

Because most of the 511 phone calls are typically made in noisy environments, the voice recognition system was not reliable at times, especially in loud transit stations.  This can create a lot of frustration for the customers. The touch tone option that is available is not very well promoted on 511 (i.e. is somewhat hidden in the menu) and therefore its awareness should be increased..

evaluation of real-time technologies

Utility Cost Benefit Analysis

A utility-cost analysis was utilized for the evaluation of dissemination technologies for real-time transit information; these technologies include phone, web, and signage.  This type of analysis can be effective since it provides a way of assessing the costs and benefits of systems when: 

· The benefits cannot be quantified and/or monetized definitively;

· The “Utility” measures of performance goals or objectives can be created to estimate benefits; and 

· The benefits to the provider, transit customer and other positive external influences need to be incorporated in the analysis.

It is the intent of the utility cost analysis to provide a general illustration of expected project costs and anticipated project benefits offering a method to derive some level of comparison of the types and magnitude of anticipated benefits serving as proxies for dollar equivalents.  The utility cost methodology is used when benefits are hard to quantify and convert to dollar values.  This method produces a measure of utility indicating how effective a project will be in achieving a particular benefit. It is important to note that although the utility cost methodology is a valuable exercise it subjective and is not solely the method used for developing recommendations.

A process for the utility-cost analysis method is as follows:

1. System performance objectives for the real-time transit elements are defined.  

2. Each objective is assigned a weighted factor, or level of importance. These levels of importance take into consideration the different perspectives of MTC, the transit operators and the transit customers.

3. The effectiveness, or utility, of the three different real-time transit information system elements is rated in terms of meeting the system performance objectives. It is important to note that the level of importance and effectiveness established for this project not only considered the information gathered throughout the Connectivity Project but also other real-time projects in the region.  

4. All the utilities for each real-time transit element in meeting all the performance objectives are summed.  This sum represents “total system utility.”

5. The “total system utility” is divided by the order of magnitude cost to represent a utility cost ratio.

Utility-cost analysis requires, in the absence of monetary values of benefits, that some form of a weighted determination of effectiveness be created.  These weighted determinations which relate the utility of improvements to meet the system’s goals, objectives, and/or evaluation criteria, are created using subjective reasoning with input from outreach efforts and other real-time projects in the region.  Utility criteria is meant to account for measuring how well a technology or improvement addresses the needs of the operator, customers and/or other positive external influences.  For this project, the objectives and related weighted factors were derived primarily based on the outreach efforts completed specifically for the Connectivity Study and the 511 Arrival Times Usability Study.  

System Performance Objectives

The system performance objectives that were derived for the utility cost analysis are shown in Table 7 below.

	Table 7 – System Performance Objectives

	
	

	Performance Objective
	Description

	Improve connectivity
	The provision of tools and services to enable better scheduling between different routes and operators

	Provide useful access to real-time transit information at hubs
	The provision of tools and services to provide access to real-time transit information at hubs that is useful and accessible for the transit customer 

	Provide accurate real-time information
	The provision of real-time transit information that is accurate and reliable for the transit customer

	Provide trip departure planning
	The provision of trip planning services for customers who want to plan on when to depart on their trip knowing their specific route and stop location 

	Provide en-route trip planning
	The provision of trip planning services for customers while they are already on their trip


These objectives are used in the utility cost analysis, which is described in detail in Appendix 6-1. It is important to note that social equity was not selected as a separate performance objective since it is inherent in the weighting process.
The results of the utility cost analysis indicate that the 511 Phone system is the real-time element that would be the most cost effective when considering anticipated benefits and order of magnitude costs in comparison with the other two elements. 511 phones allows customers options to either retrieve information from a home or business phone, mobile phone, payphone or 511 phones that are recommended for major transit hubs. The results also show that the other elements, real-time signs and 511.org, would also provide some level of cost effectiveness.   It should be noted that regional real-time signs at the hubs would be able to provide real-time transit information to all customers with or without phones or mobile web enabled devices.

While the anticipated benefits under the three elements would be similar (see Table 6-3, Total Utility in the Appendix), the regional real-time signs would be the most costly, from both the up- front capital and operations and maintenance costs. The utility analysis considered the real-time elements from a regional perspective, and a clear deduction was that there is a need for real-time signs at major hubs.  However, this evaluation also considered the cost associated with providing signs on a regional level, and the result was the lower utility-to-cost ratio score. 

There are diverse needs in the Bay Area and there can not be one solution to address all these needs. Based on the 511 Arrival Times Service Usability Study, real-time signs were valuable but only at stops and hubs; phone was preferred most since it provides more flexibility and accessibility with limited funding, priorities need to be established to successfully implement technology that will improve connectivity. On the other hand, the study focus groups liked the real-time signs. The key is developing the common framework (i.e. the Architecture) from which the exchange of regional real-time information can be achieved.  The dissemination of real-time information over the phone would provide the most cost effective approaches in comparison to the web and real-time signs, but being cost effective should not be the only factor in determining whether or not to install signs at regional hubs.  Each of the real-time elements provides value to different customers; these values can not always be quantified. The best solution seems to be a mix of dissemination methods. A mixed solution where the phone and web services are enhanced with real-time transit as well as selective deployment of real-time transit signs in areas where there is an identified high demand will provide good equity in terms of serving the customers. To determine the demand thresholds for real-time sign deployment would require that guidelines be developed that determine warrants for signs if certain criteria are met.
guidelines for regional real-time signs

Signage guidelines are provided for the deployment of real-time information at transit hubs which address the real-time issues described above.

Regional Real-Time Signs

The issues for the regional real-time signs are broken down into:

A. Display sign types

B. Information to be displayed

C. Frequency of information updates

D. Placement of display signs
E. Operations and maintenance
The recommendations follow from the customer transit usage assessment and the issues associated with real-time information from the different perspectives.  These issues are focused only on the signs to be used for regional real-time information.

A. Display Sign Types

There are several different types of sign technologies that are used for transit real-time signs.  The most effective display signs for all types of lighting conditions are light-emitting types, of which the most common is the light emitting diode (LED).  Of importance would be the areas within hubs that may have competing signage, or may be dimly lit.  Under all scenarios, it will be important for the real-time signs to provide the proper illumination of the messages in order for the customers to see it, regardless of the lighting conditions.

ADA Requirements and Guidance

Transit signage regulations are referenced in Title 49, Code of Federal Regulations; Part 38 Americans With Disabilities Act (ADA) Accessibility Specifications for Transportation Vehicles; Subpart B-Buses, Vans and Systems; Section 38.39, Destination and Route Signs.  This regulation is mainly intended for destination and route signs on board transit vehicles, but provides some minimum requirements that have been derived for the design guidelines for the real-time signage.

Design Guidelines for Real-Time Signs

Based on the requirements from the ADA regulations, the following section lists the recommended guidelines for physical attributes of the sign assemblies used for real-time transit signs.

A1. Character Proportion.  Character signs shall have a width-to-height ratio between 3:5 and 1:1 and a stroke width-to-height ratio between 1:5 and 1:10

A2. Character Height.  The minimum character height shall be 3 inches measured using an upper case “X”.  Lower case characters are permitted.

A3. Character Spacing.  The space between letters shall be 1/16 the height of uppercase letters.

A4. Finish and Contrast.  The characters and background of signs shall be eggshell, matte, or other non-glare finish.  Characters and symbols shall contrast with their background -- either light characters on a dark background or dark characters on a light background.  

A5. Mounting Height.  For signs mounted overhead, the minimum height of the sign is 80 inches from the floor, measured from the bottom of the sign to the floor.

A6. Real-time message signs shall allow for the keyboard entry of information to be displayed and/or announced over and above any automatic message interfaces.  The keyboard entry can occur from any terminal (i.e., computer or server) that has a connection to the sign and has appropriate access privileges to make changes to the messages on the sign.

A7. For hubs that have up to five existing public transportation operators, the real-time signs should accommodate the simultaneous display of up to six operators with real-time information.

A8. For hubs that have more than five existing public transportation operators, the real-time signs should accommodate the simultaneous display of up to six operators with real-time information.  If more than six operators are providing real-time information to the sign, the display should split the real-time information into two pages of displays, where each page will display up to six operators at a time.

There are currently no ADA audio requirements for real-time signs but outreach during this project indicates there may be a need for audio information at major hubs.  There currently are transit systems that have real-time signs with the audio devices for those who are visually impaired.  Figure 2 shows a bus station in Glasgow, Scotland, where the system allows visually impaired customers to access the audio real-time information on demand using the yellow terminal below the signs.  Due to the amount of noise generated at hubs, it is recommended that if audio information is provided an on-demand unit should be utilized.
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Figure 2 – Real-Time Audio Terminal

B. Information to be displayed

The real-time information that is to be displayed on the real-time signs should be in a consistent format regardless of the transit operator.  This will lessen any confusion for the transit customer when looking for specific arrival/departure information from a specific operator or operators.  

At the regional hubs, the real-time signs will display real-time arrival/departure information from multiple operators and multiple routes.  Because of this diversity in the information that could be provided, a consistent format combined with an efficient delivery of the message will enable the customer to quickly locate the operator and the route for real-time information.

The following provides some recommendations on the presentation of the real-time messages on the signs.

B1. A minimum of 20 routes with predictions shall be able to be displayed on each sign.  This guideline relates to Guideline A1 where the number of simultaneous display of operator predictions is recommended.  Under this guideline, one operator can have 20 routes with predictions, or six operators can have 3 routes with predictions at a minimum. 

B2. When multiple operators have real-time arrival time predictions to display the real-time information will be organized alphabetically by operator name.  This will enable the customer to easily locate the real-time information they want from a specific operator, especially when there are many routes and predictions displayed on a sign.

B3. For each arrival/departure information, the operator’s name will be displayed, then the route identification, route name and then the predicted arrival/departure time (ee Figure 3).  The information can be displayed all at once or scrolled.   Only routes with predictions shall be displayed. If a route typically has predictions and for some technical reason one is unavailable to the sign, then the statement, “Not available” will be listed on the sign.
B4. If there are multiple operators with multiple routes, the information from each operator shall be organized by route number in ascending order with letter-named routes listed before numbers (or if no number exists, alphabetically by route name).  If there are multiple predictions for a specific route, the predictions for that route will be displayed in ascending order starting with the shortest prediction time and ending with the longest prediction time.  A maximum of three predictions per route are shown. Again, this is to enable the customer to locate the specific operator, route and prediction times more easily in the event there are many predictions being displayed. If scrolling is used they should be displayed by predictions with the earliest predictions first. 

B5. The real-time transit information to be displayed should include the following at a minimum in the order presented:

1. Transit operator icon (logo) – optional;

2. Transit operator name (text);

3. Route identification (alphanumeric);

4. Route name (text);

5. Arrival and/or departure prediction time (minutes)

Figure 3 provides an example of a regional real-time sign.
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Figure 3 - Illustration of a Regional Real-Time Sign 
B6. The real-time signs should have the capability to display other text-based messages that are automatically or manually generated.  Messages specific to an operator should be associated with the specific operator. 

C. Frequency of updates to Real-Time Information

The updates to the real-time information on the signs will be dictated, for the most part, by the updates to the predictions received by the regional data store.  This will be under normal operating conditions when predictions are received in a timely manner from the operators and are disseminated accordingly to the real-time signs.  However, there are exceptions to this situation, in particular when there are inaccurate (or bad) predictions, loss of communications with the regional data store, the operator, or the transit vehicle, or inadvertent errors in the transmitted data (e.g., bit errors).  General guidelines are presented here to handle some of these situations.  However, much of the detailed procedures will be determined under the Regional Real-Time Transit Information Architecture. 

C1. The real-time predictions on the signs should be updated at least once every two minutes, or as soon as the regional data store receives updates from the operators, whichever comes first.

C2. For predictions greater than 45 minutes, the prediction should not be sent to the signs.  


C3. The sign should display a “Not Available” message if the updated predictions are not changing after 10 minutes. 

D. Placement of Signs

The placement of real-time signs within the hubs will vary since each hub is different in layout.  However, there are some common features of each of the hubs where the placement of real-time signs should be considered.

D1. Real-time signs should be placed at hub entry points outside of pay areas.

D2. The real-time signs should be located close to a source of power, or a new power source will need to be installed.

D3. It is desirable to have all real-time signs within a hub networked together in order to have a single point of communications to the 511 system to reduce communications costs.


D4. Some hubs are large or complex enough that multiple regional real-time signs may be deemed necessary.  To the extent possible, locations of these should be located along access ways to platforms, mezzanine levels within hubs, or adjacent to way-finding signs or other dynamic schedule signs.
E. Operations and Maintenance

In terms of operations and maintenance of the regional real-time signs, in the near-term it will be the responsibility of the operator receiving RM2 funds for the installation of the regional signs to operate and maintain them.  As new operators are added to the real-time signs, it is envisioned that the “hub owners” will take over operations and maintenance of the signs at their hubs, including the responsibility to add new operators as they come on-line with their real-time systems.  Specifics will be developed through the Real-time Transit Technical Advisory Committee.
recommendations for 511 phone and web service

This section provides recommendations and next steps for the dissemination of real-time transit information using 511 Phone and 511.org.  

511 Phone

Based on the utility cost analysis, it is recommended that the 511 Phone be considered the highest priority for the dissemination of real-time information to transit customers.   The 511 Arrival Times Evaluation has yielded that there has been a steady increase in the use of the 511 Arrival Times feature, and there is room for growth.  It is anticipated that as new operators are added to the system, the number of callers will at least steadily increase but could dramatically increase.

The recommended next steps are to integrate new transit operators and to expand the number of MUNI routes into the system.  This will require the expansion of the existing regional real-time data store to include the new operators, their routes and predictions.  Furthermore, a link to the Regional Transit Database (RTD) is recommended as an option for existing and new operators in providing the static configuration data that is necessary for the regional data store to maintain an accurate database of existing transit stops and routes for each operator.  The details of this link are currently being developed as part of the Regional Real-Time Transit Information Architecture.

511.org

Based on the utility cost ratio, and on the degree of success of the overall 511.org system, it is recommended that the real-time system be expanded to include real-time predictions on 511.org.  This will involve integrating real-time arrival/departure information from the transit operators into the regional data store for dissemination on 511.org.  

Proposed Improvements 

Some of the proposed improvements that have already been identified for the 511.org website include the following:

· Download capabilities for real-time information to a web-enable phone or PDA.

· Custom pages for registered customers that include selected routes for arrival times.

· Develop functionality to disseminate real-time graphical information on PDAs, wireless phones, and in-vehicle displays.

· The ability to integrate real-time transit arrival information of one or more operators into another operator’s website for dissemination to the customers.

· Potential to include real-time transit vehicle tracking for display on the web.

These potential improvements and enhancements to the 511.org system should continue to be assessed as more operators are integrated.

Long-term Ideas for Real-time Transit Information

Regional Measure 2 funding will allow a limited number of public transportation operators the ability to provide real-time information to the regional data store for public dissemination.  Considering that there are many transit operators in the Bay Area, many of who will not be able to provide real-time information for many years, it will be very important to consider the long-term deployment of the real-time systems, especially those transit agencies defined as “hub owners”
Regional Real-Time Architecture

Currently, MTC, under the guidance of a Technical Advisory Committee (TAC) is developing a Regional Real-Time Transit Information System Architecture.  This architecture will develop the guidelines and requirements for the collection of real-time information from transit operators and the dissemination of the real-time information via phone, web and real-time signs.  A key element of the architecture is the development of a standardized data format and structure for the real-time information that is collected from each operator.  Also to be included as part of this architecture is the development of detailed functional and performance requirements for the collection and dissemination of real-time transit information via the 511 System.  The intent is to establish a common framework upon which operators will be able to exchange real-time arrival/departure data with the 511 system and the regional, real-time data store as they deploy their own real-time prediction systems.  

The Architecture is being designed to be independent of any particular technology other than using an open standard data format and structure, e.g., XML.  The operators would be free to use whatever technological means and systems to make predictions for arrival and/or departure times, but the main stipulation is that the prediction data is shared with the regional real-time system at no cost to the regional system and in a format stipulated by the regional Architecture.  An important consideration of the Architecture is the addition of new operators and the impact on the system in terms of capacity and performance.  The system needs to accommodate the potential collection and exchange of real-time information from all public transportation operators in the San Francisco Bay Area.  Also, as newer technologies for real-time information dissemination are commercially available, e.g., new AVL systems, AJAX, Open Source Systems, the common data framework should be preserved and should have minimal impacts on the ability of the operators to exchange real-time information with the 511 System.

Enhancing Regional Connectivity

An important requirement under the Regional Real-Time Transit information Architecture is that real-time information provided to the real-time data store will be shared with other operators as they request it.  This means that if one operator wants to have real-time information for the buses of another operator, the real-time data store will provide it accordingly.  Some of the ways that the distribution of this real-time information could help with regional connectivity include:

1. An operator could collect the real-time arrivals of another operator’s buses at a specific hub and use it to make determinations if static schedule adjustments could help customer transfers between two or more lines at hubs.

2. An operator could analyze schedule adherence of its buses at a hub and make determinations if adjustments to the schedules of inherently late buses can benefit transfers with another operator’s buses.

3. Operators could perform real-time adjustments to bus operations by analyzing historical travel times between stops and hubs and making slight adjustments to better serve connectivity. For example, if Bus A is about to leave a hub based on a scheduled departure time which is just a few minutes before another operator’s Bus B is predicted to arrive at the hub, and based on historical data, Bus A consistently arrives early at the next few stops, Bus A can be held back a few minutes to wait for Bus B and still maintain its schedule.  

4. The Regional Real-Time Architecture might include provisions for the collection of automated vehicle location (AVL) information, and this information could be useful.  With AVL information from multiple operators, a single database can contain the real-time locations of buses.  Having the ability of one operator to track the bus of another may help the operators better coordinate bus travel on overlapping routes.

5. With the advent of the Vehicle Infrastructure Integration initiative (VII) if transit operators’ buses are able to receive data from road-side units (RSU), then it is foreseeable that the real-time data store could send real-time predictions to the bus, via the RSU, and display those predictions on-board the bus approaches transfer points.  

In the long-term the Real-Time Architecture will help move the Bay Area towards a seamless system. This does not only include improving connectivity for the customer but also help in developing better communication between transit operators. With the Real-Time Architecture in place the next focus should be on using the data to improve connectivity. One recommended technology for improving connectivity is the use of Transfer Connection Protection (TCP). TCP is typically used to improve the reliability of transfers between higher frequency rail to lower frequency bus. In many instances the TCP system examines the status of trains and issues a "hold at (a specific station) until (time)" message to buses waiting at the connecting rail stations via the bus' onboard Mobile Data Terminal (MDT), if the lateness of train is within a pre-determined threshold (e.g., two minutes). MTC can play an integral role with the use of the 511 real-time system . See the options below.  This process is typically manual with an operator’s dispatcher playing an active role in conveying the hold information to the driver’s MDT.  However, an automated TCP process would be more efficient.

The cost of the automated TCP system can be relatively low compared to other transit ITS systems if the operator already has the needed ITS systems in place (e.g. AVL, GPS, real-time prediction system, etc.).  The moderate capital cost can be achieved by utilizing the existing system data (e.g., train status, schedules, etc.) and the delivery mechanism, for example a Mobile Data Terminal or bus radio already deployed for other ITS functions. Although continuous monitoring is necessary, the operating and maintenance costs also are moderate because the Automated TCP operation is fully automated without the need for human intervention.

One way that TCP could be implemented is for the 511 real-time system to transmit to participating transit operators the real-time predictions of the other operators’ routes to which they will be connecting.  The participating agencies would then process the predictions to make determinations on effective TCP measures to implement.  The operators would employ their own specific TCP applications and algorithms utilizing the data provided through the 511 System, which would provide them more flexibility on how they would want to implement TCP for different operator routes and timed-transfers.   However, there may be some added delay with the processing of real-time data through the 511 System between the operators implementing TCP.

Funding

An issue that will affect the long-term deployment of real-time transit information systems is the funding for the continued operations and maintenance/management.  From the regional perspective of real-time transit information, the 511 system would be the best system to continue the real-time program for dissemination of regional real-time transit information.  

The funding levels for the 511 System should include the integration of real-time data from new transit operators into the 511 System.  The data that is collected from the transit operators must be in a format that the 511 System can use.  The systems integration necessary to take an operator’s real-time data and shape it into a usable format should be included in an operator’s costs for the real-time deployment, thus it will be important for operators planning to deploy real-time systems to include the costs for integrating with the 511 System.

As the real-time transit information system expands, consideration should be given to allow funding incentives such as increased scoring for replacement technology costs for participating operators with real-time systems.

APPENDIX

Appendix 6-1, Utility Cost Benefit Analysis


Utility 

The following describes the steps in the utility-cost analysis.  First, a set of system performance objectives were derived for the real-time elements of transit connectivity at the regional hubs.  Shown in Table 6-1, the performance objectives for the real-time system elements for the utility cost analysis are each assigned a weight factor.  The objectives are independent of the technologies being considered.  The weights were determined based on the importance of each objective based on discussions with the study’s focus groups and their ability to improve transit connectivity at the regional hubs.  The sum of the weighting factors sum up to a total of 100%.

	Table 6-1 – System Performance Objectives Weighted Factors

	
	

	Performance Objective
	Weighted Factor

	 Improve connectivity
	15%

	 Provide useful transit information at hubs
	25%

	 Provide accurate real-time information
	20%

	 Provide trip departure planning
	20%

	 Provide en-route trip planning
	20%

	TOTAL
	100%


The weighted factors were generated based on the importance of real-time information as it relates to each of the performance objectives on a scale of 100 percent, with the ultimate goal to improve transit connectivity.  For example, there is a slightly higher level of importance for providing real-time information to customers that is accurate compared with providing trip departure planning information.  Also, since a large focus of regional connectivity is at the regional hubs, there is a slightly higher level of importance for en-route trip planning compared with pre-trip planning.  Similarly, providing useful and accessible information at the hubs for customers has a high level of importance for regional connectivity.  The Real time Transit Technical Advisory Committee reviewed the performance objectives and provided input as to the relative weights.

The next step in the utility cost analysis is to assess the three services, 511 phone, 511.org and real-time signage in terms of their effectiveness in satisfying each performance objective.  In this case, a 1-10 scale was used, with 10 being most effective.  These ratings (and the scale) were developed based on the various focus groups and studies conducted, and on the perspectives of MTC and transit operators.  The effectiveness ratings are shown in Table 6-2.

	Table 6-2 – Effectiveness Ratings

	
	

	
	------------------ Effectiveness 1 --------------------

	
	511 Phone
	511.org
	Real-Time Signs

	 Improve connectivity
	6
	6
	5

	 Provide useful transit information at hubs
	8
	5
	10

	 Provide accurate real-time information
	10
	10
	10

	 Provide pre-trip planning
	10
	10
	1

	 Provide en-route trip planning
	9
	3
	10

	1.  On a scale of 1-10, with 10 being the most effective.
	

	
	
	
	


· For improving connectivity, the phone and web systems would rate higher since the real-time information for these two systems can be provided to customers in advance so they can plan their trip accordingly before they arrive at a hub or stop.  

· For providing useful and accessible information to customers at hubs, the regional real-time sign would rate the highest since this information could be provided to all customers at a hub.  The phone system would rate slightly less since not all customers have mobile phone capabilities, but it provides options to the transit customers for getting information from their mobile phones, payphones and 511 phones recommended for major hubs.  For customers with web-enabled phones, there would also be a benefit with 511.org as they would be able to access 511.org and receive real-time information.  However, there would be a smaller number of customers with web-enable phones.  

· For providing accurate real-time information, all three services would serve to provide these equally by providing the same real-time information.  

· For pre-trip departure planning, the phone and web would be equal in terms of providing information to customers to decide when they need to leave for their trip.  In this case, the real-time signs would provide no benefit.  

· For en-route trip planning, the phone and real-time signs would provide information to the customers to make decisions during their trip, but the web would provide very little benefit unless there was an Internet kiosk or if the customer has a PDA or web-enabled phone.

Next, the total utility is calculated (see Table 6-3) by multiplying the effectiveness factor from Table 6-2 by the weighted factor of that objective from Table 6-1 and summing all the objectives to determine the overall utility. 

	Table 6-3 – Total Utility

	
	
	
	

	
	511 Phone
	511.org
	Real-Time Signs

	 Improve connectivity
	90
	90
	75

	 Provide useful transit information at hubs
	200
	125
	250

	 Provide accurate real-time information
	200
	200
	200

	 Provide trip departure planning
	200
	200
	20

	 Provide en-route trip planning
	180
	60
	200

	TOTAL UTILITY
	870
	675
	745


Table 6-3 shows that the 511 Phone system would provide the highest overall utility rating for the real-time elements, indicating that it would yield the most benefits.  It also shows that the web and real-time signs would provide similar benefits given their similar overall utility ratings; because their relative utility is within a narrow range, without considering costs of each of these elements, they would be considered similar in terms of anticipated benefits with the phone providing the most benefit.

Cost Estimates (Order of Magnitude) 

Three types of costs were included for each real-time element: 

· Design; 

· Installation; and

· Maintenance

The design costs include the expenditures for conceptual planning and detailed design of the different components of each real-time element including hardware and software design, and any plans and/or specifications for the implementation of the different elements.

The installation costs include one-time expenditures for hardware, software, field devices and other related services to implement and deploy the different real-time elements, including any back-end systems integration efforts.  The other related services under the installation costs include software and systems integration, and project administration.

The annual operating costs include recurring expenditures for items such as staff salaries and benefits, facility and device maintenance, communications charges, and other overhead expenses.  Maintenance costs include annual repair, upgrade, and support costs for hardware, software, and other operational facilities.  It was estimated that the operating and maintenance costs would be 10% and 5%, respectively, of the installation costs.

The maintenance costs were broken down into two further types:

· Annual operating costs (estimated at 10% of installation costs); and 

· Annual maintenance costs (estimated at 5% of installation costs). 

Additionally, the design costs were estimated at about 20% of the installation costs.  This includes the efforts necessary for the proper planning, design and implementation oversight (i.e., acceptance and verification testing).

Strictly for this cost analysis, the real-time elements were assumed to have a five-year life cycle with a discount rate of 6% (which is an accepted discount rate for federal projects).  The installation and other one-time costs were assumed to be in present value dollars.

A net present value was calculated for both operating and maintenance costs to convert them into figures that could be added to the total costs.  Total base and present value costs are provided in Table 6-4 for each of the real-time elements. 

	Table 6-4 – Summary of Order of Magnitude Costs

	
	
	
	

	
	511 Phone
	511.org
	Real-Time Signs2

	Design
	$150,000
	$240,000
	$380,000

	Installation
	$750,000
	$1,200,000
	$1,900,000

	Operations1
	$390,000
	$630,000
	$800,000

	Maintenance1
	$200,000
	$310,000
	$400,000

	TOTALS:
	$1,490,000
	$2,380,000
	$3,480,000

	1. Cost indicated is the Net Present Value over a 5-year life cycle

2. The cost of the real-time signs at the hubs will be borne by the transit operators under the RM2 Program

	
	
	
	


The design costs for the real-time signs include only the signs at the regional hubs and account for the planning (systems engineering), preparation of design plans, and installation oversight.  The installation costs include the systems integration costs with the 511 system.  It was assumed that at the larger and more complex hubs, a minimum of four regional real-time signs will be necessary, and at the smaller, less complex hubs a minimum of two signs will be necessary.  This results in about 60 regional real-time signs for all 21 regional hubs.

The installation costs for the 511.org element assumes an average cost of about $120,000 to integrate each new transit operator into the 511 system, including all systems and software integration.  For this utility cost analysis, Table 6-5, the cost estimate includes the integration of 10 new operators to the 511.org system over the five-year life cycle.

	Table 6-5 – Utility Cost Analysis

	

	
	511 Phone
	511.org
	Real-Time Signs

	Total Utility
	870
	675
	745

	Total Costs
	$1,490,000
	$2,380,000
	$3,480,000

	Utility/Cost Ratio1
	5.8
	2.8
	2.1

	1.  Multiplied by 10,000
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Operator

Transit

Hubs

Schedule/Kiosk 

Update Frequency

Coordination

Procedure with Others

Summary and

Additional Information

CCCTA

(Wheels)

Dublin/Pleasanton 

Quarterly by season; 

dates vary.

Coordinate with BART 

schedule changes.

Coordinate with other 

operators on an as-needed 

request basis, but generally 

only with BART

LAVTA

Dublin/Pleasanton 

As needed, on uneven 

intervals. 

Pulses routes per BART 

schedule. Sync layovers of 

buses with BART. No 

coordination with others 

except two shuttle routes 

that feed ACE.

The coordination of BART 

and LAVTA flows over to 

Livermore Transit Center 

via Route 10 schedule 

(trunk line, represents half 

of LAVTA ridership)

BART

Embarcadero/Ferry

Dublin/Pleasanton

El Cerrito Del Norte

As needed. More often 

lately due to changes 

in SFO routing.

Operators generally 

coordinate with BART. All 

WestCAT lines designed to 

serve BART at El Cerrito.

Golden Gate 

Transit

San Rafael

Embarcadero/Ferry

El Cerrito Del Norte

Quarterly (September, 

December, March, 

June). Contracted by 

labor unions.

No coordination with MUNI 

at Embarcadero. 

Coordinate with Blue/Gold 

Ferry in Sausalito. 

Coordinate with SC Transit 

at San Rafael.

If schedules are changed at 

other times, transit guide is 

reissued

AC Transit 

El Cerrito Del Norte 

Changes quarterly on 

an as-needed basis. 

Schedules reprinted if 

changed.

Schedules match BART to 

some extent.

Major service change 

scheduled in September 

2006. Part of September 

plan to coordinate with 

BART/GGT. 

Caltrain

San Jose Diridon 

Updated on an as-

needed basis. 

Asks VTA to coordinate their 

schedule with Caltrain.

Caltrain service coordinates 

to BART schedule at other 

stations, which carries 

down line.

MUNI

Embarcadero/Ferry

Updated at most 

quarterly, but only if 

needed.

No specific schedule 

coordination with other 

operators.

Frequency of service allows 

easy connections with other 

operators. Plans to provide 

MTC with schedules in XML 

format to automatically 

update schedules when 

changed.

Vallejo Ferry

Embarcadero/Ferry

Pending

Pending

Pending

VTA

San Jose Diridon 

Quarterly (January, 

April, July, October). 

Coordinate with Caltrain as 

much as possible, mostly 

with Bullet and Limited 

routes. 

Focus on connecting with 

Caltrain, especially 

express. Opening of light 

rail station improved service 

into downtown. Generally 

always option available to 

commuters to downtown. 

Sending a letter to other 

operators to better 

coordinate schedules.
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Schedule Coordination

		Transit
Operator		Transit
Hubs		Schedule/Kiosk Update Frequency		Coordination
Procedure with Others		Summary and
Additional Information

		CCCTA
(Wheels)		Dublin/Pleasanton		Quarterly by season; dates vary.		Coordinate with BART schedule changes.		Coordinate with other operators on an as-needed request basis, but generally only with BART

		LAVTA		Dublin/Pleasanton		As needed, on uneven intervals.		Pulses routes per BART schedule. Sync layovers of buses with BART. No coordination with others except two shuttle routes that feed ACE.		The coordination of BART and LAVTA flows over to Livermore Transit Center via Route 10 schedule (trunk line, represents half of LAVTA ridership)

		BART		Embarcadero/Ferry
Dublin/Pleasanton
El Cerrito Del Norte		As needed. More often lately due to changes in SFO routing.		Operators generally coordinate with BART. All WestCAT lines designed to serve BART at El Cerrito.

		Golden Gate Transit		San Rafael
Embarcadero/Ferry
El Cerrito Del Norte		Quarterly (September, December, March, June). Contracted by labor unions.		No coordination with MUNI at Embarcadero. Coordinate with Blue/Gold Ferry in Sausalito. Coordinate with SC Transit at San Rafael.		If schedules are changed at other times, transit guide is reissued

		AC Transit		El Cerrito Del Norte		Changes quarterly on an as-needed basis. Schedules reprinted if changed.		Schedules match BART to some extent.		Major service change scheduled in September 2006. Part of September plan to coordinate with BART/GGT.

		Caltrain		San Jose Diridon		Updated on an as-needed basis.		Asks VTA to coordinate their schedule with Caltrain.		Caltrain service coordinates to BART schedule at other stations, which carries down line.

		MUNI		Embarcadero/Ferry		Updated at most quarterly, but only if needed.		No specific schedule coordination with other operators.		Frequency of service allows easy connections with other operators. Plans to provide MTC with schedules in XML format to automatically update schedules when changed.

		Vallejo Ferry		Embarcadero/Ferry		Pending		Pending		Pending

		VTA		San Jose Diridon		Quarterly (January, April, July, October).		Coordinate with Caltrain as much as possible, mostly with Bullet and Limited routes.		Focus on connecting with Caltrain, especially express. Opening of light rail station improved service into downtown. Generally always option available to commuters to downtown. Sending a letter to other operators to better coordinate schedules.






