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What is Bus Guidance?What is Bus Guidance?

Technology that automates or assists the Technology that automates or assists the 
operator in the steering, docking, operator in the steering, docking, 
acceleration and deceleration of the busacceleration and deceleration of the bus
There are two general types of guidance:There are two general types of guidance:

MechanicalMechanical
ElectronicElectronic

Further information Further information -- WikipediaWikipedia



Benefits of Bus GuidanceBenefits of Bus Guidance

Improved vehicular safety in trafficImproved vehicular safety in traffic
Better ride quality and improved passenger Better ride quality and improved passenger 
cabin safetycabin safety
May permit narrower dedicated bus lanesMay permit narrower dedicated bus lanes
May reduce longMay reduce long--term pavement costterm pavement cost
Aids level boarding andAids level boarding and
Creates narrow horizontal gap at boarding Creates narrow horizontal gap at boarding 
platform to comply with ADAplatform to comply with ADA



Bus Guidance TechnologyBus Guidance Technology
Mechanical GuidanceMechanical Guidance

Kassel Kerb (England & throughout Europe)Kassel Kerb (England & throughout Europe)
Concrete Guideway w/ Guide wheel (Essen, Manheim, Adelaide)Concrete Guideway w/ Guide wheel (Essen, Manheim, Adelaide)
Horizontal Guide wheel for Precision Docking (Cleveland, Horizontal Guide wheel for Precision Docking (Cleveland, 
Eugene)Eugene)
Subsurface guide rail (Nancy, France)Subsurface guide rail (Nancy, France)

Electronic GuidanceElectronic Guidance
Optical Guidance (Rouen France, Las Vegas NV)Optical Guidance (Rouen France, Las Vegas NV)
Magnetic Guidance (Netherlands)Magnetic Guidance (Netherlands)
Magnetic Guidance with Redundant Technologies (Lane Magnetic Guidance with Redundant Technologies (Lane 
County/AC Transit)County/AC Transit)

Magnetic GuidanceMagnetic Guidance
Differential GPSDifferential GPS
Inertial Navigation SystemInertial Navigation System



Kassel KerbKassel Kerb

Used throughout Europe



Concrete Guideway (OConcrete Guideway (O--Bahn) Bahn) 
Essen, Germany & Adelaide Essen, Germany & Adelaide 

AustraliaAustralia



Guide wheels for Precision DockingGuide wheels for Precision Docking



Subsurface Guide RailSubsurface Guide Rail
Nancy, FranceNancy, France



Electronic GuidanceElectronic Guidance
Visual DetectionVisual Detection

SiemensSiemens--Systra Systra 
(Rouen France, (Rouen France, 
Las Vegas NV)Las Vegas NV)
Uses optical Uses optical 
sensors to follow  sensors to follow  
painted linespainted lines



Magnetic GuidanceMagnetic Guidance

Phileas Bus, Phileas Bus, 
Eindhoven, Eindhoven, 
NetherlandsNetherlands



What options are possible for BRT?What options are possible for BRT?

Guide wheel for precision docking with no Guide wheel for precision docking with no 
mechanical guidance along bus lanesmechanical guidance along bus lanes

Magnetic GuidanceMagnetic Guidance



Current ResearchCurrent Research
CaliforniaCalifornia--Oregon Vehicle Assistance & Oregon Vehicle Assistance & 
Automation (VAA) TeamAutomation (VAA) Team

USDOT Federal Transit Administration and Research USDOT Federal Transit Administration and Research 
and Innovation Administrationand Innovation Administration
CaltransCaltrans
AC TransitAC Transit
Lane Transit District (EugeneLane Transit District (Eugene--Springfield)Springfield)
Partners for Advanced Transit and Highways (PATH)Partners for Advanced Transit and Highways (PATH)
Local Bay Area Industrial partners Local Bay Area Industrial partners 

-- ContainerTracContainerTrac
-- Integrated Motion Inc.Integrated Motion Inc.
-- Bob McGee's Machine Co. Bob McGee's Machine Co. 

International interestInternational interest



CaliforniaCalifornia--Oregon VAA ProjectOregon VAA Project

2003 2003 –– Automated Bus Automated Bus 
demonstrationdemonstration

ThreeThree--bus platoon with fully bus platoon with fully 
automated functionsautomated functions

2005 2005 –– ITS World  ITS World  
Congress, San Francisco Congress, San Francisco 

Demonstration of Lane Assist Demonstration of Lane Assist 
and Precision Docking Systemsand Precision Docking Systems



CaliforniaCalifornia--Oregon VAA Project Oregon VAA Project 
(cont.)(cont.)

2008 2008 –– Field Tests and Demonstration, East 14Field Tests and Demonstration, East 14thth

Street, San LeandroStreet, San Leandro

First real world test First real world test 
urban setting, uneven street crowns, potholes and obstacles, urban setting, uneven street crowns, potholes and obstacles, 
mixed with city trafficmixed with city traffic

Test demonstrated systemTest demonstrated system’’s accuracy and reliability s accuracy and reliability 
1/4 inch tolerance1/4 inch tolerance

Lessons learned will benefit future development and future Lessons learned will benefit future development and future 
deploymentdeployment
Demonstrated strong interDemonstrated strong inter--agency partnershipsagency partnerships
Positive response from transit agenciesPositive response from transit agencies



Current Research ActivitiesCurrent Research Activities
20092009--2011 Revenue Service Test2011 Revenue Service Test

Sponsored by the Federal Transit AdministrationSponsored by the Federal Transit Administration’’s Intelligent s Intelligent 
Transportation Systems Joint Program OfficeTransportation Systems Joint Program Office

California/Oregon team selected magnetic guidance as the California/Oregon team selected magnetic guidance as the 
primary guidance technology based on thorough evaluation and primary guidance technology based on thorough evaluation and 
technical meritstechnical merits

Project GoalsProject Goals
Demonstrate the technical merits and feasibility of VAA technoloDemonstrate the technical merits and feasibility of VAA technology in gy in 
revenue servicerevenue service
Assess benefits and costsAssess benefits and costs
Evaluate attitudes of passengers and operatorsEvaluate attitudes of passengers and operators

BudgetBudget
$1.9 million in federal funds + $500k California cost share$1.9 million in federal funds + $500k California cost share



Research Project PurposeResearch Project Purpose

Address deployment issues Address deployment issues 
Assess benefits and costs in revenueAssess benefits and costs in revenue--
service operationsservice operations
Document public perceptionsDocument public perceptions

Full range of VAA applications for BRTFull range of VAA applications for BRT
Highway and urban BRT applicationHighway and urban BRT application
Precision docking and guidancePrecision docking and guidance
Very low to highway speeds (65 mph)Very low to highway speeds (65 mph)
Degrees of driver assistanceDegrees of driver assistance



VAA Project DescriptionVAA Project Description
LTD, Eugene OregonLTD, Eugene Oregon

2.5 miles of single/double 2.5 miles of single/double 
dedicated ROWdedicated ROW
One 60ft New Flyer BRT busOne 60ft New Flyer BRT bus
Functions to be tested: Functions to be tested: 

Lane guidance for on dedicated Lane guidance for on dedicated 
BRT lane BRT lane 
Precision docking Precision docking 

AC TransitAC Transit
A 4 mile section of HOV lane, on A 4 mile section of HOV lane, on 
the California State Route 92 the California State Route 92 
freeway from Hesperian Blvd. to freeway from Hesperian Blvd. to 
the Haywardthe Hayward--San Mateo Bridge toll San Mateo Bridge toll 
plazaplaza
Two busesTwo buses
Functions to be tested: Functions to be tested: 

Lane guidance on HOV laneLane guidance on HOV lane
Guidance through toll bridgeGuidance through toll bridge



Research Project ScheduleResearch Project Schedule

Major ActivitiesMajor Activities
System Design (3/10/2010)System Design (3/10/2010)
Component Development (4/15/2010)Component Development (4/15/2010)
Bus Component Integration (9/1/2010)Bus Component Integration (9/1/2010)
Software Development and Integration  (11/25/2010)Software Development and Integration  (11/25/2010)
Track Preparation (9/30/2010)Track Preparation (9/30/2010)
Performance test and Evaluation (3/15/2011)Performance test and Evaluation (3/15/2011)
Operation Preparation  (9/15/2011)Operation Preparation  (9/15/2011)
Operational Test and Data Collection  (9/30/2011)Operational Test and Data Collection  (9/30/2011)

Independent evaluation to be conducted by Center Independent evaluation to be conducted by Center 
for Urban Transportation Research for Urban Transportation Research ––University of University of 
South FloridaSouth Florida



The TechnologyThe Technology
PATH SystemPATH System

Differential GPS + Inertial Navigation Differential GPS + Inertial Navigation 
Systems + Magnets to steer busSystems + Magnets to steer bus
Redundancy to ensure performance & safetyRedundancy to ensure performance & safety

Differential GPS UnitDifferential GPS Unit



Magnets in Pavement + Magnets in Pavement + 
Sensors on the BusSensors on the Bus

Minimally subject to interference Minimally subject to interference 
Missing magnets (detectable)Missing magnets (detectable)
Unwanted magnets (detectable)Unwanted magnets (detectable)

-- Not compatible with heavily damaged asphalt Not compatible with heavily damaged asphalt 
-- Installation costs of $10Installation costs of $10--20k per lane mile20k per lane mile
-- No maintenance neededNo maintenance needed



Magnets in Pavement + Magnets in Pavement + 
Sensors on the BusSensors on the Bus



Steering Actuator Steering Actuator Prototype Prototype 
Fabrication & Bench TestsFabrication & Bench Tests



Computer ProcessorsComputer Processors



GPS/INS SystemGPS/INS System
Prototype (for AC Transit)Prototype (for AC Transit)



Research Project Next StepsResearch Project Next Steps

Complete Bench TestingComplete Bench Testing
Install equipment on PATH busInstall equipment on PATH bus
Test on closed trackTest on closed track
Transplant equipment onto AC Transit busTransplant equipment onto AC Transit bus
Test on closed trackTest on closed track
Test on SR 92 without passengersTest on SR 92 without passengers
Test on SR 92 with passengersTest on SR 92 with passengers
Complete evaluationComplete evaluation



Figure 1. East Bay BRT Implementation Timeline 2010 - 2016 Revised May 3, 2010

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
1 Board Adopts LPA
2 Draft PR
3 Caltrans Approval/Final PR
4 Design Exception Fact Sheets
5 Prepare Administrative Draft FEIS/FEIR,106/4(f) & Submit to FTA
6 Circulate FEIS/FEIR
7 Cities' Process -  MOU
8 Board Certifies FEIS/FEIR
9 CEQA Notice of Determination (NOD)

10 FTA Issues Record of Decision (ROD)
11 Update Small Starts
12 Procurement for Program Management/Project Controls
13 Procurement for Designer
14 Complete Conceptual Design
15 Design (PE, VE, FD)
16 Evaluate Delivery Method
17 ROW Evaluation
18 Project Construction Grant Agreement (PCGA)
19 FTA Funding ($15 Million) Milestones
20 FTA 'Before' Survey
21 Vehicle Procurement (Select Vendor, Design, Production)
22 Advertise Bid & Award (Construction Procurement)
23 Construction
24 Testing & Start-up
25 Open for Service

* Quarters are in calendar years

 ACTIVITY

 Expire  Obligated

2014 2015 20162010 2011 2012 2013

AC Transit
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Memorandum 

TO: Beth Greene, Matt Nichols, Kara Vuicich, Jim Cunradi, Tina Spencer 

FROM: Andrew Tang and Michael Snavely 

DATE: Wednesday, February 24, 2010 

RE: “Rapid Bus Plus” Corridor Improvement Alternative Details – Amended 2/24/10 

 
This memorandum describes the Cambridge Systematics (CS) team’s understanding of the 
“Rapid Bus Plus” (RBP) design alternative to be studied alongside the full bus rapid transit 
(BRT) service design in AC Transit’s forthcoming Final Environmental Impact Report/Study 
(FEIR/S).  RBP concept details were defined based on proposals developed by the Rapid Bus Plus 
Coalition, as agreed upon in discussions facilitated by City of Berkeley staff on December 2, 
2009, and finalized in subsequent talks with RBP Coalition members.  The first section describes 
the details of the RBP design alternative to be studied for the FEIR/S.  The second section 
describes further analyses that will be conducted to provide additional information. 

Rapid Bus Plus Alternative to Be Studied in FEIR/S 

The RBP design alternative will be studied alongside BRT service in the forthcoming FEIR/S, 
and will assume the following design characteristics: 

Segmented Route 

The RBP design alternative will consist of two route segments: : 1) from the southern terminus 
in San Leandro to 11th/12th Street and Broadway in Downtown Oakland, the alignment will 
feature the same stops, design, and operations as the BRT design alternative; and 2) from 
11th/12th Street and Broadway in Downtown Oakland to Downtown Berkeley, the alignment 
will feature “Rapid Bus Plus” design, the details of which are described below. 

Vehicles 

Rather than a 60-foot articulated bus, it is assumed that the RBP segment will be served by a 
standard 40-foot bus for the purposes of analyzing system benefits and costs.  In addition, an 
additional analysis will be performed to estimate the relative greenhouse gas (GHG) emissions 
benefits of running smaller 30-foot buses. 
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Local Service and Alignment 

RBP service will enhance existing 1R service, while retaining local Route 1 service.  By default, 
the RBP route will follow the current Route 1/1R alignment between Downtown Oakland and 
Downtown Berkeley.  This RBP alignment would require no change in Southside Berkeley 
traffic-circulation directions.   

However, should the City of Berkeley choose to study a BRT alignment that converts Bancroft 
Way to two-way travel, southbound RBP will follow Bancroft Way eastbound to Dana St, 
Dana St southbound to Dwight Way, Dwight Way eastbound to Telegraph Ave, and Telegraph 
to points south. 

Service Frequency 

For the purposes of modeling RBP performance, assumed service frequency will be based on 
demand.  It is estimated that load matching will result in off-peak headways of 10 to 
12 minutes.  Peak-period headways will be no longer than 7.5 minutes. 

Stop Locations 

Generally, RBP stop locations in the Oakland-Berkeley segment will remain at current 1R Rapid 
Bus stop locations.  Where they are deemed feasible and operationally beneficial by the CS 
team, nearside bus stops at signalized intersections will be shifted to the far side.  It is 
understood that shifting stop locations might result in additional parking loss.  Any and all 
parking loss will be detailed in a side analysis.  No curb extensions, bulb-outs, or sidewalk 
reconstruction will be implemented.  Where they do not coincide with RBP stops, local Route 1 
bus stops will operate as usual from their current stop locations. 

Should the City of Berkeley choose to study a BRT alignment that converts Bancroft Way to 
two-way travel, the southbound stop currently located on Durant Ave at Dana would move to 
Bancroft Way at Dana. 
 

Bus Boarding 

In accordance with the Americans with Disabilities Act (ADA), it is assumed that buses will 
deploy a ramp for wheelchair access, as is done today on Route 1R buses.  Buses will feature all-
door boarding at all stops. 

Fare Payment 

To reduce bus dwell times, RBP would employ proof-of-payment.  Each bus stop will include a 
modest ticket vending machine, similar to pay-and-display parking meters, where passengers 
could purchase a ticket.  Use of TransLink cards and other prepaid passes will also be 
encouraged. 



 
- 3 - 

Other Stop Amenities 

Stop amenities will be similar to current 1R rapid bus stops, with limited seating and rain 
shelters provided.  Additional amenities such as canopies, security cameras, and lighting will 
not be included. All RBP bus stops will feature wireless real-time bus information for waiting 
passengers.  Although less reliable than hard-wired real-time displays, wireless displays will be 
significantly less costly to implement and are similar to those found at 1R stops today.  It is 
assumed that wireless real-time bus information will also be made available via the Internet and 
mobile devices.   

Queue Jump Lanes 

Queue jump lanes will be added on the approach to major intersections to the extent that they 
are feasible and beneficial.  Three locations in particular have been identified for queue jump 
lane consideration:  Dwight, Ashby, and Alcatraz.  Additional locations may be added if 
deemed feasible and operationally beneficial by the CS team.  Any and all parking loss will be 
detailed in a side analysis.  Whether right-turning vehicles can use RBP queue jump lanes is yet 
to be determined.  It is understood that queue jump lanes will likely result in additional parking 
loss. 

Signal Phasing 

It is assumed that signal phases will be adjusted to maximize performance at intersections with 
RBP-related bus improvements.  Intersections with queue jump lanes might require pedestrian 
signal phases – existing pedestrian traffic counts will help the consultant team identify the fea-
sibility of such phases.  Intersections without physical RBP improvements will not be subject to 
signal adjustments since it would be inconsistent with the requirements for environmental 
analysis.  A side analysis will be performed to assess the potential for travel time savings on 
upper Telegraph (north of Dwight Way) if signals there were optimized. 

Additional Analyses 

In addition to the RBP design alternative analysis described above, the following items will be 
addressed by the CS team: 

 The current presence of actuated signals throughout the Oakland-Berkeley corridor will be 
confirmed; 

 The number of parking spaces lost as a result of the implementation of queue jump lanes  
and any station location adjustments will be recorded and presented alongside study 
results; 

 A side analysis will be performed to determine the GHG savings of using a 30-foot bus 
(relative to the standard 40-foot bus) in the Oakland-Berkeley segment; 
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 A side assessment of the potential benefits to be gained by enacting bus merge priority law 
will be included; and 

 A side analysis will be performed to assess the potential for travel time savings on upper 
Telegraph Avenue if signal phases were optimized. 
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