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AGENDA

Overview Agenda —

. Project Background

. Solution

. Requirements

. Topology — Components of SynchroGreen system

. SynchroGreen Optimization Algorithm

Project Site Project Description, Setup and Configuration
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PROJECT BACKGROUND

University of California San Diego established a Strategic Plan
in 2014 that laid the path towards its Institution goals.

* In 2018 the University developed a Long Range Development
plan for the campus that projected a population growth rate of 34%

through the year 2035. — Vertical construction of facilities already
occurring.

« This increase in traffic is expected to significantly impact local and
regional facilities.

« A mitigation strategy was developed by the University aimed at fully
funding a subset of projects targeting transportation improvements.
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PROJECT BACKGROUND (conTiNuED)

« ASCT is one of the technologies that UCSD has identified to improve
transportation. According to the Federal Highway Administration (FHWA), the key
benefits of ASCT include continuously distributing green time equitably for all
traffic movements, improving travel time reliability, reducing congestion and
prolonging the effectiveness of traffic signal timing.

* Regents Rd, N Torrey Pines Rd and the La Jolla Village Dr Corridors have all
been identified as corridors that could benefit from additional capacity and
progression with Adaptive Signal Control Technology.
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PROJECT BACKGROUND (conTiNuED)

TIMING GROUP 1- Regents Road Intersections
1. Regents Rd @ Regents Park Row/Miramar St
2. Regents Rd @ Executive Dr/Miramar St

3. Regents Rd @ Eastgate Mall/Athena Way

4. Regents Rd @ Health Sciences Dr

TIMING GROUP 2- N Torrey Pines Road

1. N Torrey Pines Rd @ Expedition Way/Revelle College
Dr

. N Torrey Pines Rd @ La Jolla Shores Dr

. N Torrey Pines Rd @ Almahurst Row/Muir College Dr
N Torrey Pines Rd @ Pangea Dr/Estancia La Jolla

N Torrey Pines Rd @ Salk Institute Rd

N Torrey Pines Rd @ Torrey Pines Scenic Dr

N Torrey Pines Rd @ UCSD Northpoint Driveway

N Torrey Pines Rd @ Genesee Ave

® N OV AW N
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TIMING GROUP 3 - La Jolla Village Drive

. La Jolla Village Dr/Miramar Rd @ 1805 NB (YCOORD)
. La Jolla Village Dr/Miramar Rd @ 1805 SB (YCOORD)
La Jolla Village Dr @ Towne Centre Dr

La Jolla Village Dr @ Executive Way

La Jolla Village Dr @ Genesee Ave

La Jolla Village Dr @ Regents Rd

La Jolla Village Dr @ Lebon Dr

La Jolla Village Dr @ I5N (YCOORD)

. La Jolla Village Dr @ I5S (YCOORD)

10. La Jolla Village Dr @ Villa La Jolla Dr

11. La Jolla Village Drive/Gilman Drive EB

12. La Jolla Village Drive/Gilman Drive WB

13. La Jolla Village Dr @ La Jolla Scenic Dr N

14. La Jolla Village Dr @ Torrey Pines Rd

WONOUAWN R

Yellow Yield Coordination (YCOORD)
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Legend

Phase 1 Signal on Regents Road

Phase 1 Signal on Torrey Pines Road

Phase 2 Signal on La Jolla
Village Drive
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WHAT IS SYNCHROGREEN?

SynchroGreen (SG) is a real-time adaptive traffic signal control system software that:
« Adjusts the cycle length, splits and offsets along a specified group of signals for each cycle due to:

« Constantly fluctuating traffic demand and/ or;
« Temporary unpredictable traffic surges often caused by retail, schools, event centers, and nearby
(not adjacent) accidents;

 Does not change intersection phase sequencing from cycle to cycle (including lead/lag);

 Requires ATC class controller hardware, Cubic controller software, good communication, accurate
detection; and

* Is based on pre-existing settings, current traffic conditions and Pre-defined constraints.
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SYNCHROGREEN IS DESIGNED TO
IMPROVE PROGRESSION AND
DECREASE TOTAL DELAY ALONG A
CORRIDOR SYSTEM.

This is not a mystical push-button solution that makes congestion
magically disappear forever!

It’s a solution that generates a greater probability for more efficient
traffic flow at any given time but still requires routine observation,
maintenance and support just as any other traffic signal system.



HIGH-LEVEL OVERVIEW

“So what makes adaptive different that what agencies have
traditionally done?”

Traditional coordination timing practice typically entails agency staff creating
timing plans based on field observations- usually AM, Midday, and PM plans are
created. However:

* Depending on existing infrastructure and conditions, traffic data is expensive
to collect, so while demands during the peaks are often well understood, off
peaks are less so.

* Implementing new coordination timings is resource intensive. Each new plan
requires prolonged testing and observation.

* Unexpected demand is nearly impossible to accommodate.
 Traffic volumes change day to day, week to week, month to month.
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HIGH-LEVEL OVERVIEW
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Traditional Signal Timing
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entire peak period
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HIGH-LEVEL OVERVIEW

Adaptive signal timing practice — We’'ll create flexible timing plans based on

field observations and preferences.

 Instead of distinct cycle lengths and splits, the agency defines ranges (i.e.
100-150 seconds)

* New discrete patterns are automatically calculated and implemented based
on traffic demand and user constraints that are sent to the controllers within

the SG group(s).
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HIGH-LEVEL OVERVIEW

Signal Timing with SG _
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TOPOLOGY

a s~ Wb~

SynchroGreen Central Server/Application

SynchroGreen Timing Groups (SSM) é’:/_'@' g;
SynchroGreen Local Intersections (SSL) sesdl g e
Communication 5 /i B LA
Detection = % 4

Note: Local controllers and software within the timing groups must be Trafficware products.

C U B I C__ | Transportation Systems



TOPOLOGY - SERVER

The SynchroGreen application on the server:

Gathers detection data from the intersections (SSLs)
Performs calculations for each group (SSM)
Commands and monitors the SSLs

Runs ATMS AND Web-based interfaces

Windows™ based application on a PC or Server
SynchroGreen is a SEPARATE application from ATMS

ATMS can be used to observe SynchroGreen settings and monitor commands (via SynchroGreen

module)
ATMS is used to collect, review historical data and troubleshoot events

SynchroGreen can be on the same or separate server than ATMS

Separate servers encouraged if deploying large number of SG intersections
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TOPOLOGY - TIMING GROUPS (SSM)

Each timing group operates independently:

 Between 1 and up to 20 coordinated signals

« Each group can run on different cycle lengths
» The calculations from one are not considered in
calculations of another
Like normal coordination, if an agency wants two
signals coordinated with another, they need to be in
the same timing group.

Signal group sizes can be decreased or increased
throughout a day plan based on special
circumstances (e.g. school areas, traffic conditions)

SG impact and overall coordination can be greatly
affected by the number of signals as well as the
corridor’s overall length.
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TOPOLOGY — SIGNAL CONTROLLERS (SSL)

SynchroGreen already resides in Cubic/Trafficware
controller software and is a module that is enabled.

* SG operates on v76 Patriot or v85 SCOUT
* No additional hardware or modules necessary

« Can be “Closed Communication System” Not required to be
connected to any outside network.

2070E/-ATX/-N2, 2070LX/-ATX/-N2

C U B I C_v | Transportation Systems



TOPOLOGY - COMMUNICATION

ANY Adaptive Control System requires good communication:
« City of San Diego’s Communication network;

o Fiber Optic-From Fiber Hubs to TOC

o Copper-From Hubs to Intersections

o Using Moxa modems-Ethernet via Twisted pair.

 Fail-safe functionality:
o Muiltiple retries
o TOD fallback

ORTH TORREY PINES
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TOPOLOGY - DETECTION

* Presence Detection

— Call phases — used to rotate signal phases to specific
movement(s)

— Extend phases, combats dilemma zones — extend timing of
phases
* SynchroGreen Detection
— Stop Bar — used to calculate split times
— Advanced — used to adjust relative offsets

* Gridsmart Camera Detection System
— Existing detection is continuing to provide call and extend
operation.

— Gridsmart camera detection stem was chosen to provide
detection inputs for adaptive operation.
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ADAPTIVE DETECTION DESIGN

« Stop bar detection — 1 lane on each channel i D F T o

Veh Field Cfall @ @ -———-———-%%  ——————
Veh fall 00 ——————E%

— 4 lanes per approach phase (Max) e

 Arrival Detection — 1 lane on each channel
— 2 lanes per coordinated phase (Max)
— Required if intersection spacing >1000’
« Can be applied if <1000’, but not needed
— Placed per agency spec based on speed (250-500 ft)
— If >2 approach lanes — use the inside lanes OR the lanes that yield higher through-
volumes
» Detection zones must be long enough to detect occupancy, but short

enough to detect gaps between cars
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GRIDSMART VIDEO DETECTION SYSTEM

. Green Zones (Stop Bar, SG)

250’-500’ Used to measure traffic demand
' - Separate channel

Arranged beyond stop bar
Typically 6'x6’

Still uses call and extend

Purple Zones (Presence)
e Used for call and extend
e« (Can be on same channel

Gold Zones (Advance/Arrival)
* Required for SG if signal spacing
>1000’
« Used for call and extend

Set to “Presence” not “Pulse”
* Pulse will not provide
measurable green utilization
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OPTIMIZATION ALGORITHM

Ultimately, SynchroGreen is calculating
and optimizing:

* Cycle Lengths (Period)
» Splits (Phase allocation)
» Offsets (Start time, lag time)




SYNCHROGREEN ALGORITHM

4. SynchroGreen proportions the
phase allocation according the targets
and assigns the critical period duration
to all intersections in the system.

4. Timing
Plan
Distribution

3. SynchroGreen analyzes the
system globally and selects the
critical intersection and
calculated period duration.

1. Green
Utilization

3. Period
Selection

1. Duration of the time the green
interval is effectively utilized.

2. Target 2. The amount of time
Phase each phase should receive
Allocation under ideal circumstances.
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GREEN UTILIZATION

1
Green
Utilization

Traffic
Flow

o

Startup
Loss

/ Green Utilization

)
‘ l

\ Detector Occupancy

Ideal Traffic Flow on a
Corridor with Progression

Platoon
Gap

Split Time

Each stop-bar detector measures green utilization

Green utilization is a measurement how often cars are
occupying/passing over the stop-bar detector during their
respective green interval to determine its demand to
increase or decrease the desired splits.

The measurement is based on vehicle speed and length,
detector length, volume, split length, driver, and
characteristics. (Detector calibration)

Measured after the Startup Loss Time. Default 4 sec.
Platoon Gap — gap time which green utilization is not
being measured- leading to gapping out if split has not
already reached its limit.

Highest green utilization value per lane per approach is
reported and used in the phase allocation calculations for
that approach.

Green utilization is not calculated when the approach is
not green.
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TARGET PHASE ALLOCATION

2

Target Phase
Allocation calculation

Main @ Bob Smith (1435) 30 |1 [105919) Contolierime ousside tolerance

o7 17 Jen o Ja [o |2 Jo Jm Jis [ [o |o
a}gmamamamam
0 0 0 4 0 B8 1 7 0

Target Phase
Allocation

o Green Util 4y (s)
T t =
0 arge oxX (S) Det Cal FaCtgx (%)

. Active (sec) — Displays the current split cycle and offset

. Target (sec) ID — Displays the ID number of current intersection
database

. Green Utilization Cycle (seconds) — minimum and maximum
period (Cycle)

Detector Cal Fact default (%): 0.66

. The split timings are calculated based on traffic demand and user o = 3600
constraints. h
. This sums to a new target cycle length calculated for each « S = Saturation Flow
intersection (Indicates its ideal cycle length at any given time). Rate
« h=seconds of green
time
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PERIOD SELECTION, TIMING PLAN DISTRIBUTION

_ (Z) 1 Green Util
a1 Target — @1
Det Cal Factor

@2 — ®2Green Util
Target ~—
arge @ 2 Det Cal Factor

with the highest demand is chosen. In this case - 136 seconds. D3 reen Util
« The critical intersection can vary per cycle. ®3Target =

(D 3 Det Cal Factor

Timing Plan

New Target Phase Allocation:

Distribution

» After the algorithm selects target cycle length, it then recalculates splits and distributes
the new timing plans accordingly to the other intersections to match the cycle lengths.
« This completes the iteration and process is then repeated.
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PROJECT MANAGEMENT FLOW

Typical Project Task Flow:

Task 0: Project management, kick-offs, contracts, etc.

Task 1: Preliminary field assessment

Task 2: Detection & communications

Task 3: Server configuration (ATMS Support)
Task 4: Database conversion

Task 5: Controller preparation

Task 6: System deployment/configuration
Task 7: Training (If required)

Task 8: System acceptance
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PRE-DELIVERABLES PROVIDED BY CITY OF SAN DIEGO

« Controller timing sheets for all intersections
* Non-TW timing sheets were converted to TW databases.

 Manifest of hardware and software infrastructure, list of controller IP addresses and
port numbers

 Intersection layout/ as-builts that include:
Phase diagrams, detector layouts and channels

« Server VPN access and login privileges
* Crucial especially for deployment

« An understanding of the existing coordination between signals in the timing group(s) (if
any).
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DATABASE CONVERSION

General items when developing new SynchroGreen plans:
 We create patterns to match the existing TOD patterns (typically patterns 20-24, 30-34, etc.)

* New SG patterns will be created and initiated due to, but not limited to, cycle length changes
and/or sequence changes at an intersection. This can help minimize the number of plans, and
therefore transition periods, throughout a given day.

* SG patterns, typically during night hours, will revert back to the existing TOD plans which are
typically running free.

 SG operates independently of the TOD plan offsets, but rather the lag times which is a simple
calculation based on speed and distance between signals.
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CONFIGURATION & ACTIVATION STEPS (MILESTONES)

=

© N3O

9.

|dentify grouping (if applicable) and timing objectives
Inventory existing facilities-Cabinet, controller, detection, communication.
Obtain pre-deliverables: Timing sheets, detection configuration and other data and information
Validate communication.
a. Repair Fiber cable system - install fiber Comm equipment
b. Test existing copper network - install Ethernet over copper equipment (moxa)
Obtain approval on converted base controller timing
Configure controller basic parameters and lab test
Install Controller and Adaptive detection system - Civil work requirements/Permits
Define adaptive patterns in controllers and obtain agency approval (City &CALTRANS)
Define adaptive datasheets/patterns in SynchroGreen and obtain agency approval
Test configurations in virtual setting

10. Complete configuration of Central Signal System (ATMS) and server
11. Download adaptive configuration to local controllers and activate.
12. Validate, calibrate and verify operation on the street.
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TYPICAL ACTIVATION SCHEDULE

SynchroGreen Project Activation Schedule

Trafficware Staff Assigned:
* Peijia Tang
*  Gregory Heldreth
* Steve Carver

Workflows during Field Activation
Before activation, we expect the following things:

Yk W=

SG module licensed and turned on 1n all Local controllers

Fmalized and field m-use controller databases

SG detection installed and validated

Stable communication between local controller with ATMS/SynchroGreen server
Reliable VPN access to ATMS/SynchroGreen server

During activation, we will follow the listed agenda:

Date

Things to do

Monday

Travel day & turn on SynchroGreen system, may visit the agency IT if VPN 15 not ready.

Tuesday,

E

7:00am ~ 5:00pm: Drive along the corridor and calibrate SG for daytime mcluding AM, MD.
PM plans. May meet with agency maintenance staff at an intersection for technical support.

Wednesday,

7:00am ~ 5:00pm: Drive along the corridor and calibrate SG for daytime mcluding AM, MD.
PM plans. May meet with agency maintenance staff at an intersection for technical support.

E

Thursday,

Morning: Drive along the corridor and calibrate SG for daytime including AM, MD, PM
plans. May meet with agency maintenance staff at an mtersection for technical support.

Lunch: Propose a lunch with agency staff

Early afternoon: Project recap meeting with the agency about what we did on SG,
challenges encountered during field work, and provide a brief SG 101 training.

Late afternoon: return to field to verify PM operation.

Friday,

Travel back

Plan to have staff available to monitor the TMC and be able to relay complaints, comments, and conditions to
the SG Team from Tuesday morning till Thursday at noon.
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Thank You!
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