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Presentation Outline

* Introduction and Background
* Project Objectives and Scope
* Existing System

 Simulation Modeling

* Proposed System

* Project Challenges

* Project Status
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Historical Photo Showing Railroad On Lower Deck
Source: California Highways and Public Works
R WA XS Q;,.:s.u.;.-fp Qh_i.ﬁm Magazine, Digitized By Internet Archive,.

A Few Bridge Facts:

- 1936 Bridge opens to traffic

- 1958 Bridge lanes reconfigured (vehicles/upper and lower decks)
- 1974 metering sys installed to regulate traffic on the Bridge

- 2013 East Span Bridge open to vehicles
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130,000 to 140,000 vehicles per day

Toll plaza has 20 approach lanes:
* 16 cash/ FasTrak® l|anes
« 2 dedicated FasTrak® /ORT lanes
« 2 dedicated bus-only/HOV lanes

Metering Lane Configuration:

» 20 toll lanes converge to 16 lanes at
metering lights approximately 1,000
feet west of the toll plaza

» 16 metered lanes further converge to
5 lanes across the bridge

* During HOV hours, 12 metered lanes
converging to 4 lanes on bridge — 2
bus only lanes not metered that
converge to 1 lane on bridge
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Existing Metering Lights System

 System first deployed in 1974

* Basically the same metering system with few technology
upgrades

» Metering rates are manually controlled and implemented
from the District 4 TMC

* Not capable of automatically responding to changes in
traffic conditions and queuing

* The back up system is to conduct manual operations
from the controller cabinets in the field
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Bay Area Toll Authority

Project Objectives

Implement a metering system that:
« optimizes the bridge's current capacity

 adapts to changing traffic conditions(i.e. accidents,
reoccurring and non-reoccurring)

* reduces queuing at the toll plaza

« accommodates differential metering rates for different
lane configurations and classes of users (buses, HOV,
FasTrak®, and cash lanes)

 improves traffic operations and vehicle flow along the
corridor

« provides for redundancy in the event of component

failures -
BAY AREA TOLL
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Scope of Work Overview

Replace and upgrade the existing metering o .
system software and hardware system
(cabinets, controllers, servers, CMS, etc.)

Implement a fully automated and adaptive
mainline metering system algorithm

Provide redundancy via a backup TMC at the
Toll Plaza Building

Upgrade associated communications network
and vehicle detection systems

District 4 ATMS integration (ML System, CMS, loop detectors, CCTV)
Utilize existing traffic monitoring stations in the vicinity of the Toll Plaza

Repair or close existing gaps in the communications system
BAY AREA TOLL
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Project Flow Overview

Evaluation Existing System

v

Document Framework

!

Design & Development of the Metering Simulation
Algorithm Modeling
v

System Software Design

v

Graphical User Interface (GUI) Design Manuals

System Integration & Implementation Plan Training
Hardware & Software Procurement System Testing
Center to Field Communication Integration Ongoing Maintenance and Support
Toll Plaza Workstation Upgrades
Caltrans Camera Integration
CMS Integration
Caltrans D4 ATMS Madifications

A 4
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Data Collection

 Toll Volume (BATA)
 Traffic Volume (Caltrans)
* Metering Logs (Caltrans)

* Travel Time/Delay — collected in 2016 and 2017
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SFOBB Flow Rate at Toll Plaza

1 Existing Traffic Volumes

Bay Area Toll Authority

Toll Plaza Volumes
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® Metering Logs

Data
® Toll Volume (BATA)
® Traffic Volume (Caltrans)

® Travel Time/Delay

Data
Analysis

Geometry
& Metering

v

Calibration

Base Simulation
Model

14

Metering Metering Metering
Algorithm #1 Algorithm #2 Algorithm #3

Simulation Modeling

* Recurring Congestion

* Non-Recurring
Congestion

Refine Algorithm Refine Detector
Parameters Locations

Output Analysis
(Performance Measures)

Metering Algorithm
Selection
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0.5 mile

To Consider
Differential metering rates for FASTRAK and Cash
+ Lane assignment based by TOD

Traffic condition on the bridge

« Traffic condition at the merging area

«  Traffic condition upstream and detectors

Petavirline: Destemfors [¥ol )

Direction of Traffic

Mg Apen Deterines (ol o)

1-80 @nd 1880
1880

1-80 mnd 1280
|80 2nd 1580

1-50 wnd 1580

1550
1580 and |-880

HOV
FASTRAK enly

Bay Area Toll Authority

Physical and
Operational
Considerations

I ¢S TRAK peak * Cach off-peak

FASTRAK * Cash
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Metering Lights Algorithm
Performance Measures

* Throughput

* Travel Time

* Delay

» Recurrent Congestion

* Non-Recurrent Congestion
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Simulation Results
(Recurring Congestion)

Algorithm Throughput Improvement Delay Improvement Travel time Improvement

Existing 41099 == 10.54 -- 24.23 --
Alinea 44059 7.2% 7.3 30.7% 18.14 25.1%
Pl-Alinea 43919 6.9% 7.29 30.8% 18.1 25.3%
| Fuzzy #1 43771 6.5% 7.04 33.2% 16.53 31.8% I
Fuzzy #2 44293 7.8% 8.06 23.5% 19.22 20.7%

AT
17




Bay Area Toll Authority

Simulation Results (Non-Recurring Congestion)

Non-Recurring (1 lane blockage)
Algorithm Throughput Impact Delay Impact Travel time  Impact Scenario | Accident Number of Duration of :
- . Time of Day
Existing - - = == == No. Location Lanes Closed | Lane Closure
Alinea 43192 5.1% s . Accid Number of 5
Pllines 42102 24%  1q>NORe| {IENEN | L ced | Land Near V8| -
[ Fuzzy #1 42754 40% 7 : ! Tuiel ! 30 8:00-8:30 AM
Fuzzy #2 44242 7.6% 8
; Near YBI 1 ’ Near YBI % 90 6:00-7:30 AM
Tunnel Tunnel
Non-Recurring (| 5 Near YBI > 3 35 6:55-7:30 AM
Algorithm Throughput Impact De Tunnel
Existing - - ] 3 Near YBI 2 15 7:30-7:45 AM
: 3 Tunnel
Alinea 39158 -4.7% 11
Pl-Alinea 38269 -6.9% 12 3 Near YBI 5 1 30 7:45-8:15 AM
| Fuzzy #1 38375 -6.6% 10 Tunnel
- 0,
Fuzzy #2 39447 4.0% 11 1 30 7:45-815 AM

Non-Recurring (3 lane blockage)

Algorithm Throughput Impact  Delay Impact Travel time Impact
Existing -- -- -- -- -- --
Alinea 39650 -3.5% 12.03 -14.1% 33.29 -37.4%

Pl-Alinea 39210 -4.6% 11.15 -5.8% 28.15 -16.2%

| Fuzzy #1 39363 -4.2% 10.3 2.3% 25.57 -5.5% |
Fuzzy #2 39983 -2.7% 11.51 -9.2% 29.02 -19.8%
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~System Block Diagram

LEGEND
Existing Element
G i cemen DISTRICT 4 TMC SFOBB TOLL PLAZA
@D New lement MPOE EQUIPMENT ROOM IN 2" FLOOR OFFICE (TMC)
“ Upgraded Existing Element BASEMENT
1
Existing Communications Link L"é%if“"g" M/E\'SST’\JS[S’EL[JE[:‘NG MLMS LARGE SCREEN
- ) WORKSTATION DISPLAYS
New Communications Link (Primary)
New Communications Link (Backup) MAINLINE METERING
LIGHTS SERVER 1 LAN
mmememmemmmmmeseemeesesesesesesse—sem—e—e—————— (PRIMARY) SWITCH
fmm e — — — '
1
"
| [
: | _—PRIMARY (TYP) 375 BEALE STREET
l 9 H I [_— BACKUP (TYP) REGIONAL OPERATIONS CENTER (ROC)
| R . TO FIELD AT&T i
\ : AT&T {Leased)
| X . 36/4G
EXISTING ) | : 1 H
UPSTREAM / AT&T o Al : EXISTING LINK
DOWNSTREAM ~ 36/4G ¥ ' FIELD
VDS CABINET(S) TO DISTRICT Ly B e e BTy TR e
4TMC
\ R i A
> - A
Intelight peer-to = B : C :
peer: detector data Intelight peer to CONTROLLER m |
peer: detector data | |
T 0 1 N [ ™ | L e |
ey Secondary I
| MODEL 2070 ATC ‘ | M(:)EIEL 2070 ATC control of signs | CABINET !
CONTROLLER CONTROLLER I ‘— _— — — — |
| ) ' | ’ I
! ’ | —— EREe
FO 1 FO | f |
| SWITEH { ‘ | SWITCE H | | _m::‘j: : EQUIPMENT |
| ! \ | ! ‘ | CABINET |
| /,/ | | ! | FIBERCABINET e e VMS CABINET (NEW) | :
/ EXISTIN:
| o | » | (EXISTING) : CONTROLLER _m I
ST TR e e e G| O S < e SR e = TO Turn on/off signs—<H> |
r o AT&T  pISTRICT ! I
DT648 — VDS CABINET | DT349 — VDS CABINET ) 36/4G | EQUIPMENT |
(EXISTING) A/BLOOPS - (EXISTING) C/DLOOPS 4TMG | CABINET I
(EXISTING) (EXISTING) ~ & UPGRADED MLM CABINET (TYPE 342) | |
SR © |« | » B |
| | |
FO : | METERING SIGNAL HEADS |
SWITCH(ES) | | (EXISTING) |
= : B e i e .
“ I OVERHEAD SIGN STRUCTURE
MAINLINE METER L |
MODEL ATC G B - — — — — ]
‘ CONTRO
A
Klmley »Horn ‘ LOCATION 2 LOCATION 1 2| oemanoy
MERGE AREA LOOPS (NEW) MERGE AREA LOOPS (NEW) <~ PASSAGE LOOPS

4/27/2018



s8au8suRsERRITNIE

— ';“"V‘_. : : N

Mainline Metering Controller Firmware

Bay Area Toll Authority

Minimum Requirements

vk wn =

o)

Independently control up to 16 metered lanes

Open interface for control from central system

Supports national standard (i.e., NTCIP)

Support for Local Traffic Responsive mode by time of day

Support logging volume, occupancy and speed data to
the local controller database

Provide reporting capability - status, collected data, health
Pre-configured or user defined cabinet support

BAY AREA TOLL
AUTHORITY
20




Controller Software/ Max Metered Lanes NTCIP

Firmware Supported (Y/N)
WesternSystems Western Systems / Siemens
WAPITI SEPAC - Local Controller Software 16 YES
lll A Ny Wapiti Micro Systems
W5-ACS - Adaptive Control Software 16 YES
~ Intelight
W NTELIGHT ntelg
Intelight MaxTime Ramp Meter 16 YES
SECONOLITE -
Solutions that Move the World® Econ0| Ite/Safetra n
ASC/3-2070 Controller Software 4 Meters x 4 Controllers YES
(TRIc afficware Trafficware/Naztec
Engineered by (N] Naztec
SynchroGreen 4 Meters x 4 Controllers YES
McCTain McCain
Omni eX Software 4 Meters x 4 Controllers YES

BAY AREA TOLL
AUTHORITY

21



0 S8 ] e
I = - B e _-'T. A ”‘m'_‘:,}_' : .
| _{-] Lo g VA7 i ';_‘:_‘-e,:",” > |'i" LT e | Ba Area TOII AUthorlt
] “ | J

SEBEe HITT — 5 n
s8au8suRsERRITNIE : l

"o

) Proposed System

* Metering Lights Server - Fuzzy Logic #1

» Metering Lights Controller - ATC 2070 with
Intelight Firmware

* NTCIP 1207 (ramp meter systems) and 1209
(transportation sensor systems)

» Merge Area Detection (direct connect)

 Lane Group Metering Rate by Metering Lights
Server

* Metering Rate implementation by Metering

Lights Controller
22
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Systems Engineering Process

Phase -1 Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Interfacing with Concept Exploration | Project Planning and | System Definition | System Development | Validation, Operations System
Planning and the and Concept of Operations and Design and Implementation | and Maintenance, Retirement /
Regional Architecture| Benefits Analysis Development Changes & Upgrades Replacement

Opeetians. [Shangse Retirement /

and and Ranlace t
Maintenance Upgrades PEESOEY

Cross-Cutting Activities
Stakeholder Involvement
Elicitation
Project Management Practices
Risk Management
Program Metrics
Configuration Management
Process Improvement
Decision Gates
Trade Studies
Technical Reviews
Traceability

Decision Gate

Hardare Fabrication

Life Cycle Time Line o
>
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Bay Area Toll Authority

Project Challenges

* Technical Complications

 Replacing/Enhancing five interconnected systems
- Metering Lights System Software
- Controller Firmware
- Changeable Message Signs
- Communications
- Detection

* No other examples in the world
 Lane assignments (Fastrak, cash, HOV)
* "Merge” area

 System Cutover
» Redundant Systems
» Significant Testing/Burn-in Period

S
24




Bay Area Toll Authority

Key Activities Remaining

Design and Development of Firmware
In progress

Detailed Design (PS&E) in progress
70% done
- Additional Detection
- Communications infrastructure
- CMS installation
- TMC in Toll Plaza Building

Caltrans Encroachment Permit
(PEER) in progress

Environmental Revalidation winter
2018

Prepare Integration, Implementation
and Cutover Plans in progress 25

* CMS Procurement early summer
2019

« BCDC Permits

» Construction Manager
Procurement early summer 2019

» Construction and Implementation
early summer 2019

- System Testing
- Training
* Ongoing Maintenance & Support

25
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Questions?
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Downstream X X v
Local x v ®
Ram p X X x x b X
Volume HOV Lanes local ® downstream ® upstream * ®
Occupancy local local Local/downstream local ® downstream/ramp/local Local/ramp Local/downstream
Speed ® x ® ® downstream ® Local/downstream ®
Adjusts metering
intai i i rates usin ) ]
Operates at MEIERSELE | ISR met_erln_g rates ) - g : Adjusts metering
merge area to maintain offline optimized Adjusts A
a predefined ) i rates considering ) ;
; occupancy occupancies of local rates for local metering . : Adjusts metering rates
capacity o Adjusts metering rates local speed and L
below a and several condition, and rates based . o considering local and
based on . . . based on offline optimized occupancy,
critical value downstream stations using a feedback on downstream
measured i . . rates downstream speed, i
using a below critical values mechanism downstream occupancies
HOV lanes ) L and upstream
feedback using a feedback considering speed
flow : A occupancy
mechanism mechanism downstream
capacity
Extendible to mainline metering v v v v ® v v v
Sufficient information available v v v v v x v x
Recommended for Evaluation Yes Yes Yes Yes No No Yes No
Rule-based algorithm
Two level Requires calibration of a based on natural Similar to Fuzzy Logic
Robust Extension of ALINEA optimization a language. Caltrans but does not
- : ; - Only based lookup table based on ; ;
. algorithm which considers the technique as ) Considers the consider ramps
. Base line B L on detector inputs from three o A
Rationale ; based on downstream capacity combination of ) . downstream, ramps, conditions. Limited
algorithm ) L § downstream different locations. o . L
feedback (traffic condition on the | offline rates and R o and local conditions. information is
. speed Limited information is — -
control. bridge) feedback ) . Flexibility to available on the
) available on the algorithm i
mechanism add/evaluate algorithm

additional rules
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Passage
Loops
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Metering
Server

HOV Lane
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ORT Lane 2

ORT Lane 1

Booths 14 to 16
Booths 12 and 13
Booth 11 (FasTrak)
Booth 10 (FasTrak)
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Booths 5 and 6
Booths 3 and 4
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District 4 TMC
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Proposed System Elements

L oo0o- D\/ D D 16 HOV Lane

= 000 D\/D_I:_I_El_ﬁ _________ HOV Lane
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EIE ggg 0] ORT Lane 1
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& % 000
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3
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O
—— Fiber optic cable = . ; ooo— J:l l:l l:l 1 Booth 1 (HOV)

Wireless communications link

00o- oo0o: i
LEGEND 000 ? 2 Booth 2 (HOV)

> < ™ g
- | TMS Controller | | | | |
cms | e voien WM oS viosem (] e oo |
[ Mlm | ccTvcamera Cabinet e oo TR e ncover [ o v L
< L e G | e e |
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Notes:
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! Fiber
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i Opt-E-Man
1

|
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1
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(Bagkup)

|
I
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I
i
1. Total number of CMS on metering lights sign i
structure is yet to be determined. Number shown on E
i
!
]
|
i
i
!
I
i

this diagram is for illustration only. AT&T

2. GPRS communications link between TMS Cabinets
and District 4 TMC will remain as a backup
communications link to the TMC.

w

District 4 TMC

SFOBB Toll Plaza Building SFOBB Hub
1 Second Floor Office oll Plaza Building Basement




