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Pasadena Model Environment

» Multi-resolution model
development process

Riaito

» Geographical scope: Pasadena " S e
and surrounding area

..........

» Network e e
— NAVTEQ 2011Q1 navigation Madel Seqpe I referenCaprplatigrifrares

— NAVTEQ Traffic Patterns link
speed profiles by day of week =
— Detailed lane topology :

— Junction geometry/control
— Ready for Vissim export

rrrrr
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Pasadena Model Environment

» Visum Dynamic User Equilibrium (DUE)
assignment module

— Multi-class assignment
— Analytical DTA model on link flows

» Spatial and temporal scope
— Weekday AM 3 hours (6-9)
— Weekday PM 4 hours (3-7)

» “Cross-walk” to travel demand model

(TransCAD)

— Zoning/connectors > DN AT ‘

— SOV/HOV by segments, ' :Eff_ i S é \
e.g. HBW/HBO/NHB, etc. (12 segments) : S s e R

1

iMZEh)s
= -
N

» Up to date calibration data ‘ i r
— 2013 traffic counts Y
— Corridor travel times FFEASA S 5013 traffic counts

\ |
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Pasadena Model Architecture

» Vissim for any sub-area of city model
— Arterial traffic
— SCATSIm adaptive control (existing)
— Light rail
— Bus transit 7
— Freeways (incl. ramp meters) / P aes i TAmY

» City of Pasadena 3-step model = _‘_‘
— Trip generation and distribution & s i ; \
— DTA ’

— Control + geometry details
— GTES transit data

» Regional travel model
— 24/7 demand data (from cell phone data)
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Analysis Goals and Objectives

Functional Identification Socio-Economic
and Description Impact Assessment
TIoe Moo System and Fl_JnctlonaI
Analysis
Research Questions _ A Analysis of Research
_ and Hypotheses Relation Questions and Hypotheses
Specification
Operationalization J _
Performance swdy | Close Relation Data Analysis &
Indicators (Pl) | Design Pl Validation
Implementation

Measures and Sensors | Close Relation

Database

o Measurements > Pl
Data Acquisition

Data Decoding
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Research Questions — Synergies and Conflicts

» Are ATDM strategies more beneficial when implemented in isolation or in
combination (e.g., combinations of ATM, ADM, or APM strategies)?

— The Pasadena testbed will allow for the simulation analysis of any
combination of ATDM strategies.

» Which ATDM strategy or combinations of strategies yield the most benefits
for specific operational conditions?

— The Pasadena testbed will allow for testing of specific ATDM
combinations under any of the four assumed operational conditions.

» What ATDM strategies or combinations of strategies conflict with each
other?

— Through the evaluation of different ATDM strategy combinations, any
potential conflicts of strategies with each other will be identified.
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Research Questions — Prediction Accuracy

» Which ATDM strategy or combination of strategies will benefit the most
through increased prediction accuracy and under what operational
conditions?

— Analyzing specific ATDM combinations under any of the four assumed
operational conditions with different levels of prediction accuracy will help

answer this research question.

» Are all forms of prediction equally valuable, i.e., which attributes of
prediction quality are critical (e.g., length of prediction horizon, prediction
accuracy, prediction speed, and geographic area covered by prediction) for

each ATDM strategy?

— The Pasadena testbed will allow for testing each specific ATDM strategy
under various forms of prediction performance.
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Research Questions — Active Management or Latency

» Are the investments made to enable more active control cost-effective?

— The Pasadena testbed will provide performance measures that will allow
for answering this research question.

» Which ATDM strategy or combinations of strategies will be most benefited
through reduced latency and under what operational conditions?

— Analyzing specific ATDM combinations under any of the four assumed
operational conditions with different levels of latency will help answer this
research guestion.
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Research Questions — Op. Cond., Modes, Facility Types

» Which ATDM strategy or combinations of strategies will be most beneficial for
certain modes and under what operational conditions?

— The Pasadena testbed will provide performance measures by traveler type that
will allow for answering this research question.

» Which ATDM strategy or combinations of strategies will be most beneficial for
certain facility types (freeway, transit, arterial) and under what operational
conditions?

— The Pasadena testbed will provide performance measures by traveler type that
will allow for answering this research question.

» Which ATDM strategy or combinations of strategies will have the most benefits for
individual facilities versus system-wide deployment versus region-wide deployment
and under what operational conditions?

— This research question will be difficult to answer as most ATDM strategies will
have to be “virtually deployed” on a subset of all possible locations. For example,
adaptive signal control will be modeled at the corridor in downtown Pasadena
where it is currently deployed in the field, but an expansion of that system may not
be possible.
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Research Questions — Prediction, Latency, and Coverage

» What is the tradeoff between improved prediction accuracy and reduced latency with existing
communications for maximum benefits?

— The Pasadena testbed will allow for testing scenarios that will provide answers to this research
guestion.

» What is the tradeoff between prediction accuracy and geographic coverage of ATDM deployment for
maximum benefits?

— The Pasadena testbed will allow for testing scenarios that will provide answers to this research
guestion.

» What is the tradeoff between reduced latency (with existing communications) and geographic
coverage for maximum benefits?

— The Pasadena testbed will allow for testing scenarios that will provide answers to this research
guestion.

» What will be the impact of increased prediction accuracy, more active management, and improved
robust behavioral predictions on mobility, safety, and environmental benefits?

— With the exception of safety benefits, the Pasadena testbed will allow for testing scenarios that will
provide answers to this research question.

» What is the tradeoff between coverage costs and benefits?

— The Pasadena testbed will provide performance measures that will allow for answering this
research question.
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Research Questions — CV Technology and Prediction

» Are there forms of prediction that can only be effective when coupled
with new forms of data, such as connected vehicle data?

— The Pasadena testbed would allow for testing the effectiveness of
different forms of prediction methods if they are supplied to the
modeling team. The current assumption is that the testbed will only
include one prediction method. However, this method can be
configured for various levels of accuracy, coverage, quality, etc.
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Research Questions — ST and LT Behaviors

» Which ATDM strategy or combinations of strategies will have the most
Impact in influencing short-term behaviors versus long term behaviors
and under what operational conditions?

— The Pasadena testbed will NOT provide performance measures that
will allow for answering this research question.

» Which ATDM strategy or combinations of strategies will yield most
benefits through changes in short-term behaviors versus long-term
behaviors and under what operational conditions?

— The Pasadena testbed will NOT provide performance measures that
will allow for answering this research question.
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Analysis Hypotheses

» ATDM strategies are most effective if deployed in combinations and not in
Isolation.

» ATDM strategies yield benefits under all operational conditions.
» There are no ATDM strategies that conflict with each other.

» All ATDM strategies relying on prediction benefit from increased prediction
accuracy under all operational conditions.

» ATDM strategies benefit the most from increased prediction accuracy and
geographic coverage.

» The investments to enable more active control are very cost-effective.

» ATDM strategies affecting facility and lane choice and operation benefit the
most from reduced latency; however, this applies to all operational conditions.
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Analysis Hypotheses

» ATDM strategies are most effective for the modes and facilities they are
designed for; i.e., ATM and APM for traffic and ADM for transit. However,
secondary cross-benefits between the modes and their respective ATDM
strategies can be measured as well.

» The ideal situation is to achieve perfect prediction accuracy without any
latency for the entire region. However, as this is not possible, there are
minimum requirements for accuracy, latency and geographic coverage that
need to be fulfilled in order not to render ATDM strategies ineffective.

» Mobility and environmental benefits will increase with increased prediction
accuracy, more active management, and improved robust behavioral
predictions

» Increased coverage increases ATDM benefits, but also cost. There is a level of
coverage that will provide the highest value by maximizing the benefit/cost
ratio.
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ANALYSIS SCENARIOS
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Baseline Description

Pasadena and the Region

Department of Transportation
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Baseline Description

& Current TMC Console

Department of Transportation
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Baseline Description

Current ITS Deployment

Department of Transportation

Over 25 miles of fiber

4 Central Traffic Control Systems (all on the |IEN)
31 CCTV Cameras

5 Fixed CMS (6 legacy CMS no longer operational)
SMART Signal Pilot

Transit Vehicle Arrival Information System
Bluetooth Pilot

SCATS Adaptive System on Fair Oaks Ave

Video Detection (65 intersections)

System Detection (80 intersections)

9
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aseline Description
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Department of Transportation
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Baseline Description
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Baseline Description

Ongoing Projects

Department of Transportation

Transit Arrival Information System
Displays at stops, IVR, Web-based
Real-time bus position
On-time performance data by stop

Parking Guidance System
Real-time off-street parking availability g8
Integrate with wayfinding signage

Provide dynamic guidance
Emergency Venhicle Preemption

15
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Baseline Description

DTA Modeling

Department of Transportation
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Type of Travelers

» Transit riders
» Rideshare participants
» HOV passengers

» Passenger car drivers
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Vehicle Modes

Macroscopic Mesoscopic Microscopic
» Light rail v v
» Bus transit v v
» Rideshare v
» HOV v v v
» SOV v v v
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Active Traffic Management: Dynamic Shoulder Lanes

» Algorithms and models used

— Shoulder lane utilization based
on predicted traffic conditions

» Input data required
— Analysis scenario
— Predicted traffic conditions

» Tools used to model strategy
— Vissim

— GeoDyn2-Control

» Development effort and risk
— Minor
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Active Traffic Management: Dynamic Lane Use Control

» Algorithms and models used

— Lane utilization based on
predicted traffic conditions

VISSTH

‘7 2
o
yJ
O
&

15> ® |28

» Input data required

— Analysis scenario
— Predicted traffic conditions

seee e 101110/ 110|110 mm—
» Tools used to model strategy s g e e — r_zt |
— VIssim i “"‘EIT—‘Q”“
— GeoDyn2-Control .|| m,.g[__— ‘3”‘:
» Development effort and risk 1 ““%[_ T:
— Minor P O
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Active Traffic Management: Dynamic Speed Limits

} AI g 0 rlth m S an d m O d e | S u S e d @'wssm (x64) 5.40-08 - Di\Vlssiminlez\ZOOS PM ATM V0.7\87 avt.- zoosc {m\‘m-?p . —— =) [Se=

o _ TP Y TP TS
— Speed limits based on traffic
conditions

o~

> & %[oAE

X

» Input data required
— Analysis scenario

>®2H -

4B

» Tools used to model strategy
— Vissim

©
8
oz
=
=l
i I
B
A

— GeoDyn2-Control

o ¢
28552.7:30977.5:3.0 9904 424 1262+0 0.5 (652)

» Development effort and risk
— Minor
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Active Traffic Management: Queue Warning

Signal Control  Evaluation Simulation  Presentation

3 ;.“ :AL,J. :"A:'O- k- L ’”._

» Algorithms and models used o AR P S—

— Queue warning based on
traffic conditions

TGS vE

— Effect on microsimulation
model unclear

15> ®| %M =%

» Input data required
— Analysis scenario

» Tools used to model strategy
—_ VlSSlm ;:4;05»29377.5»30 6125 345 1274 +0 1.0 (1289)
— GeoDyn2-Control

» Development effort and risk
— Minor
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Active Traffic Management: Adaptive Ramp Metering

» Algorithms and models used Ramp Meter Locations
Pasadena, CA
— ALINEA

— Ramp metering rates based on
predicted traffic conditions

» Input data required
— Analysis scenario

» Tools used to model strategy
— Vissim
— GeoDyn2-Control

» Development effort and risk

— Minor, if using ALINEA,
otherwise Medium
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Active Traffic Management: Dynamic Junction/
Merge Control

FADTEIUTG OV, 007

» Algorithms and models used T
l!!! MAXIMUM || MAXIMUM || MAXIMUM

— Freeway junction lane = 110[110/110
allocation based on predicted - !!! S ——

Hwy2 WB 6

traffic conditions - . S -
» Input data required ] vy
— Analysis scenario . !!! .. : oz e
» Tools used to model strategy ::h 2 e
— Vissim

— GeoDyn2-Control

» Development effort and risk
— Minor
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Active Traffic Management: Adaptive Signal Control

» Algorithms and models used
— SCATS

» Input data required

— Analysis scenario

» Tools used to model strategy

— Vissim | EWE T it
_ SCATSIm Existing Pasadena Vissim/SCATSim model

» Development effort and risk
— Minor
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Active Traffic Management: Transit Signal Priority

» Algorithms and models used

— TSP as embedded in D4 2070
signal controller firmware

» Input data required
— Analysis scenario

» Tools used to model strategy
— Vissim
— D4 SIL (equivalent to Vissim'’s
RBC controller)

» Development effort and risk
— Minor
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Active Traffic Management: Dynamic Lane Reversal

» Algorithms and models used

— Dynamic lane reversal based
on predicted traffic conditions

» Input data required
— Analysis scenario
— Predicted traffic conditions

» Tools used to model strategy
— Vissim
— GeoDyn2-Control

» Development effort and risk
— Medium
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Active Demand Management: Dynamic Ridesharing

-ameters: Tour-based model - Combined trip distribution / mode choic x|

» Algorithms and models used

— Aggregate tour based destination ( “““““““““ S I
C h O I C e m O d e I Distributon utiity | Mode choice utity Rubber banding | Output demand matrices |

PPPPPPP factor 5
Count: 1 ‘ Demand stratum Person group ‘ Activity chain ‘ Use rubberbanding |R
1 HRWH Workers { Workers Workers HPWH H,F W H X

» Input data required
— Demographic data/person types
— Typical work/school locations

IS \—’ - ﬂ} Lerpao)
» Tools used to model strategy el A e B
— Visum (tour based demand module) e

» Development effort and risk
— Medium
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Active Demand Management: Dynamic Transit Capacity
Assignment

» Algorithms and models used e ==

— Timetable based transit B e e —
assignment = =

— Line blocking, capacity indicators

ITEFX* SA%C0HE

THEE : ’
bl A g (| < || <|< < <
: 1B slzglzzzEze €
N S L

’ §§§ G185 88523

Ed

» Input data required
— Transit fleet (buses, rail cars etc.)
— Transit schedules ‘
— Passenger demand Ly e =]

111111

Capacity-unused o

2000 —— Capacity-used = demand-served

» Tools used to model strategy
— Visum (line blocking module)

1500 +——

1000 +—

15-Minute Load / Capacity

500 +—

» Development effort and risk O

5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

- M ed i u m Time of Day (15-Minute Intervals)

**Scherr. W, Fisher. | "Regional Application of 24-Hour Dynamic Transit Assignment"”, 12th TRB
Transportation Planning Application Conference, Houston TX, May 2009
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Active Demand Management: On-demand Transit

» Algorithms and models used Harris 1
— Traveling salesman problem (TSP) P =2 DR ’
.. . (7 3 R )
— Fast heuristic solution methods g "‘ﬁ:ﬁ "y
y." ’;« int Wes
» Input data required J '/
. y .
— Transit fleet (=1 ST BICK
. % E‘
— Depot location 4 é’i
_ d &‘5. Arétic SoP2
Passenger demand . %
op .
Ant héhw{ jb - | } P“
» Tools used to model strategy s
. \iop8 location
— Visum 3R
— PTV xTour 3
) Stop 1
e AN e § Crohipton
| © PTV, TomTom (LUX), NAVTEQ / AND (USA-RI) | {500 m

» Development effort and risk
— Medium
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Active Demand Management: Predictive Traveler

Information
» Algorithms and models used = —
— Mode choice model

Offline travel demand

BE model
i

» Input data required 1

- DTAmOdel . N Short term prediction ca::::t?/tg?m:sz‘::me
— Predicted traffic conditions

» Tools used to model strategy Real tim data.

fuﬁn multlple ?

— Visum (incl. tour based demand module) [ sources

» Development effort and risk
— Medium
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Active Demand Management: Dynamic Pricing

» Algorithms and models used —

. . WEERR = @@ seecces - K @ ‘..@»,; 2
— Adaptation of Vickrey's = - ‘
departure time choice model m m enephe Ll @l T

— Mode choice model

T TR T T I Y L T ET T T
EZREIRA d 2R RERREZAE 2 3
EEHZBHSEIZSEEEESHEZSHEEEEER

. — = 3 |
» Input data required Lgx;\ , 5 L e
— Price elasticity (surveys) sl O e E e
— Demographic data for market T S;/i Mams
: 32 MECCR

segmentation | -

Volume capacity ratio PrT (Curlnt)

» Tools used to model strategy Yo i

. . ', . 1\\ \ o= B -
— Visum (incl. tour based demand P | / . / -
module Qja,w,,/l Ya 14 e J

» Development effort and risk
— Medium/High
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Active Demand Management: Dynamic Fare Reduction

» Algorithms and modelsused ™ e @” ”“8"’“'
] TRIGYMET -O-
— Mode choice model
. STEP 1

— Rule based adJUStmentS
» Input data required My carT (89 Fei

Adult
— Passenger demand S Hour Tioket $5.00 ]2

— Price elasticity ®0

» Tools used to model strategy

— Visum (incl. tour based
demand module)

TOTAL

» Development effort and risk $5.00
— Minor '

E ‘227 (%) ?a*’

Buy Tickets My Tickets Trip Tools Help
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Active Demand Management: Transfer Connection
Protection

[ PTV Visum 64 Bit 12.52-00" - Network: KA.ver

- [Transfers display of regular services: Stop Albtalbahnhof]

» Algorithms and models used e __
— Transit system manager T — ...

Stop Albtalbahnhof
idp R I

decision ‘support system S —] e [

10 Dezember, 2007 j Basic cyde th
Z ¥ Links

- Vehide journeys  [All v 10 13:00:00 10 Dezember, 2007 ~| Tolerance 2min
J ¥ Tums
O Y Zones

™, ¥ Connectors

|B ¥ wainnodes

2 ¥ Maintums

L & ¥ Mainzones

» Input data required
& ¥ 0D pairs

& ¥ Main OD pairs

— Transit fleet and schedule

* W POis
2 ¥ Glsomems

— Passenger demand L

gqus 11T

Largescale  [¥]  15min

Smallscale  [¥]  Smin

» Tools used to model strategy

_ Visum (tranSfer dISplay t00|) b lll ‘TI Il X Il T&II Ill@l@lll i IWNJ

ar v i\

P B ¥
» Development effort and risk \\ \\ L A Hici
\v AARERES "T"*" "y

W
— Minor : MWN\M ! i

2 M
= =

TR \w \

— o
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Active Demand Management: Dynamic HOV/
Managed Lanes

» Algorithms and models used
- Dynartr)ic I—kI)OV/(I\j/Ianage?I]I _L{arae
operation based on predicte .
trgffic conditions P CURRENT TOLL $c. 50
— Facility choice model
— Heuristic pricing model

EXPRESS LANE TO DOWNTOWN

» Input data required
— Predicted traffic conditions
— Pricing elasticity

» Tools used to model strategy
— Vissim
— GeoDyn2-Control

» Development effort and risk
— Medium
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Active Demand Management: Dynamic Routing

» Algorithms and models used

— Dynamic Routing for select OD
bundles based on predicted
traffic conditions

— Use of “dynamic routes” concept
INn VIssim

» Input data required
— Predicted traffic conditions

» Tools used to model strategy
— Vissim
— GeoDyn2-Control

» Development effort and risk
— Minor
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Active Parking Management: Dynamically Priced Parking

ﬂ Parking Lot l_Jd:h )

» Algorithms and models used E—
— Mode and departure time choice pr—

At 4380 m Abstract parking lot

— Simulgtion pased garklng choice
model/shadow pricCin

Dyn. Assignment | Parking Spaces | Sel. parameters

Rel. flow: 10 Zone |1 A

Capacity: 1 veh Group:

» Input data required o din |00

. . Initial occupancy: 0 veh Compesiticn: |1 -
— Pricing strategy e
Default Desired Speed: | 50 -

— Pricing elasticity =
— Parking supply

o (et OK ] | Cancel |

» Tools used to model strategy (8 Paring o Seecion =
— VlSHrTvl (InCI tour based demand Decision Situation: | Departure from Parking lot -

0.000  ~ Parking Cost

0000 ~  Attraction

o
- VISSIm = 0000~ Distance from desired zone [m]
o

0000~ Distance from current position [m]

» Development effort and risk 000t Cutentparing avalabity

= utility value

- Medium [ OK ] | Cancel |
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Active Parking Management: Dynamic Parking
Reservation

» Algorithms and models used

— Simulation based p arkmgf choice ABM Parking Services | b
mOdel Wlth dynam|C aval b|||ty 955 S, Clinton St, Chicago, IL

Mobile passes accepted

> Input data reqU|red Wed, Oct 2 | 12:15pm to 3:15pm
" Paring supply
Amenitie’s |

» Tools used to model strategy
. VISSIm * Free gift

& Unobstructed

B Mobile Pass

Upon arrival, please place the ParkWhiz parking pass face-up on your
dashboard for validation

» Development effort and risk

. —| Decisicn
- M|n0r Mo 1 Mame: |Parking Lot Search
Aty 72,006/ m Link: 1
Vehicle Class(es): | All Vehicle Types v
Decision . Parking Available
Mo, Sl v Lot Mo. Spaces
. Destination parking lot fewer than [P 1
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Active Parking Management: Dynamic Overflow Transit

Parking
» Algorithms and models used I ,
= Bi-IngeI pa(n.jrkin lot allct)_catilolnt LOE RULL
model modeled as optimal lo e i
assignment and capgcity USE FRED MEYER

reallocation HERFILOW L OT

» Input data required
— Avallable parking lots
— Park and ride demand

» Tools used to model strategy
— Visum (upper level model)
— Python (overflow reallocation)

» Development effort and risk
— Minor
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Operational Conditions

» Operational conditions that can be modeled by the Pasadena testbed
— Peak/Off-peak

— Available cell phone sighting based demand profiles cover 24 hours and three different day
types
— Incident

— Incidents are modeled by placing them in the microsimulation model with the ATM system
manager and the traffic prediction system responding to them

— Work Zone

— Work zones are modeled by the ATM system manager and the microsimulation model and
the traffic prediction system responding to them

— Planned Special Event
— Available cell phone sighting based demand profiles cover special events at the Rose Bowl
— Response ATDM strategies are modeled by all tools

-e Booz | Allen | Hamilton
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Analysis Scenarios

» Any combination of Operational Condition and ATDM Strategies is feasible!

Peak/Off-peak

Dynamic Shoulder Lanes
Dynamic Lane Use

Dynamic Speed Limits
Queue Warning

Adaptive Ramp Metering
Dynamic Junction Control
Adaptive Signal Control
Transit Signal Priority
Dynamic Parking Reservation
On-demand Transit
Predictive Traveler Information
Dynamically Priced Parking

Dynamic Lane Reversal

Dynamic Overflow Transit Parking
Dynamic Ridesharing

Dynamic Transit Capacity Assignment
Dynamic Pricing

Dynamic Fare Reduction

Dynamic Transfer Protection

Dynamic Overflow Transit Parking

Excluded Strategies

7p)
]
(@)
]
—
@©
S
—
7))
©
b)
©
>
(&)
c
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Analysis Scenarios

7p)
]
(@)
]
—
@©
S
—
7))
©
b)
©
>
(&)
c

Incident

Dynamic Shoulder Lanes
Dynamic Lane Use

Dynamic Speed Limits

Queue Warning

Adaptive Ramp Metering
Dynamic Junction Control
Adaptive Signal Control

Dynamic Lane Reversal

Dynamic Overflow Transit Parking
Dynamic Ridesharing

Dynamic Transit Capacity Assignment
Dynamic Pricing

Dynamic Fare Reduction
Dynamic Transfer Protection
Dynamic Overflow Transit Parking
Predictive Traveler Information

Excluded Strategies

Transit Signal Priority
Dynamic Parking Reservation
On-demand Transit
Dynamically Priced Parking
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Analysis Scenarios

Work Zone

Dynamic Shoulder Lanes
Dynamic Lane Use

Dynamic Speed Limits

Queue Warning

Adaptive Ramp Metering
Dynamic Junction Control
Adaptive Signal Control

Transit Signal Priority

Dynamic Lane Reversal

Dynamic Overflow Transit Parking
Dynamic Ridesharing

Dynamic Pricing

Dynamic Fare Reduction
Dynamic Overflow Transit Parking
Predictive Traveler Information

On-demand Transit

Dynamically Priced Parking

Dynamic Parking Reservation
Dynamic Transfer Protection

Dynamic Transit Capacity Assignment

Excluded Strategies

7p)
]
(@)
]
—
@©
S
—
7))
©
b)
©
>
(&)
c
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Analysis Scenarios

Planned Special Event

Dynamic Shoulder Lanes
Dynamic Lane Use

Dynamic Speed Limits

Queue Warning

Adaptive Ramp Metering
Dynamic Junction Control
Adaptive Signal Control

Dynamic Lane Reversal

Dynamic Overflow Transit Parking
Dynamic Ridesharing

Dynamic Pricing

Dynamic Fare Reduction
Dynamic Overflow Transit Parking
Predictive Traveler Information
Dynamically Priced Parking
Dynamic Parking Reservation
Dynamic Transfer Protection
Dynamic Transit Capacity Assignment

On-demand Transit
Transit Signal Priority

Excluded Strategies

7p)
]
(@)
]
—
@©
S
—
7))
©
b)
©
>
(&)
c
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ANALYSIS FRAMEWORK
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Pasadena Testbed Description

Visum PTV xTour
Travel demand, DTA, On-demand transit

transit, line blocking, Transit Syst Mgr
tour based demand

GeoDyn2

ATM control and Transit strategies

system manager

PTV Optima
Traffic prediction

VSImRTI

Data bus

Vissim -y
Vehicle movements, //
parking, facility .
choice, etc.
N
{ Scenario c -
- Manager ommunication

Adsaf:):tl?v-lc;sslig;al Operational condition, Data loss and latency

] analysis selection

.e Booz | Allen | Hamilton
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Traffic Prediction

» Model-based short-term (30 min) prediction of
— Traffic volume
— Traffic speed

» Input data required
— Calibrated DTA model (available)

» Tools used to model strategy
— PTV Optima

NETWORK
BASE ASSIGNMENT
SCENARIO

» Development effort and risk
— Medium

Offline transport model in PTV Visum

DEMAND NETWORK

Transport supply
(e.g. based on
navigation networks)

.e Booz | Allen | Hamilton
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Adaptive Signal Control

» SCATS currently deployed on downtown core
parallel to LRT

WALNUT STREET

UNION STREET
—

COLORADO BLWVD.
—

» Existing SCATSIm model integrated with — __‘; - e
Vissim <

§ CORDOVA ST.
l DEL MAR BLVD.

ELLEVUE DR,

]

A |
<
z
X
o
=

» SCATSIim licensing arrangement to be
determined

CALIFORNIA BLVD.

» Development effort and risk
— Minor

G IFILLMORE ST.
 —

ALPINE ST.

ARLINGTON DR. | 12 OHIO ST.

%5 ve
8 d
a

';7’ GLENARM ST.

02 01 0 02

COURCE-TRAFFI IV ERTI0 AT M 04TA B40E
CCWAE 15200 ~CA I VD ~FIREPARED £\ FAUL & CLNA A \
" .
@ PRUJECT TERSECTIONS NOT PRO JECT 01 TERSE CTION WATHIN B s =
i THE MODEL THE MOBELLING BOUNDARY DEPARTMENT oF s AN
TRANSPORTATION w3 U ¥
SICHALE HOT PART OF THE MTERSECTION MCLUDED 1N s il {
PROJECT VISSIM MODEL OHLY o
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Communication Model

» Low-fidelity model focused on ATDM
requirements Communication

Data loss and latency

» Representation of
— Data loss
— Latency

» Model options
— Existing tool
— Custom program

.e Booz | Allen | Hamilton
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Scenario Manager

» Graphical user interface for run-time control

Scenario
Manager

> Selection of Operational condition,
— Operational condition analysis selection

— ATDM strategy bundle
— Other parameters

.e Booz | Allen | Hamilton
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System Analyst

» Performance measure
— Definition
— Aggregation

— Reporting

» Feature of VSIMRTI

[ T x
* cug.deaititu-berlinde s @
Upload Logdeftion Lt of Measurands
© Daseription . mmx‘ s unit ‘ o Wi, Value |+ Max.Valus | & Dacimals | ¢ Enums Ext i ‘ + Depracatad |+ B3| 4 T2 |, From
Dlata wat $10ved wih te foouing repastony i neger  |u 0o 0 lo | 1906000000200000001 | raise |
[ Log Protie is defined by an nteger number nteger | [ B [ 1B06000000300000001 | faise [
[ Latiude in degrees +/- signines WestEast = [oegree (w00 | 1906000000300000002 | raise |
[ Longitude in degrees. +/- signies North/South | [degree [1800 Is [ | 1006000000300000003 | fase |
[ The speed over ground |ms [12s0 B [ 1D0GOD0000300000004 | faise |
[ Course over ground, degrees from true nortn [ gegree [s600 | [ 1006000000300000005 | Tase |
Altfde in meters [meter | [s0000 I [ 100600G000300000006 | Tase |
3 tenestamp *‘uflf”:,i;,"ﬂ“':“ ek ﬁfﬁ&""r‘,‘;‘““?” el LB [y seconds |00 00 0 100E000D00300000007 | faise
3 temestamp onai part of e seconds since the Uni epoch, UTC integer 0o 5500 0 100G0000DIO0000008 | Tase
3 maxTraceLengih | Masimum length of me trace fist Integer |oe 00 ) 006000000300000000 | faise I
3 |vraceLengn | Current lengin of ine trace ist [integer | [an |00 I0 006000000300000010 | faise [
3 |pesitonFudtode | Descrives the type of fxfor posibon resciuton [integer |4 [oe [100 Jo 100600000030000001 1 | faise |
3 Tom | 3V number [inceger | [o0 [z000 lo | 1906000000300000072 | raise |
3 [sgrasvengn | signal strengn maB | [ [o0 (w00 Jo | 1X06000000300000073 | faise |
3 Jused [ Troe I sateiite s used for posibon computation (00 (00 lo [ 100600G000300000014 | Tase |
3 | postionOnign | Gngin ot inis postion upcate (00 | [0 | onss can cros sTATIC SamuLARION 1096000000300000015 | aise |
3 Time oftsetin milksesonds betwoen GHESS tme and system tme | matsoconas |-s9we9 0 ] | 100600000030000007G | fase: |
5 A Log Profile s Gefined by an integer number [ [0s ) | 1006000000500000001 | || |
15 the component | | 00 0 | [ | | |
An ereetype, which i3 1gged on oecence [enum | X Im la | | 1p0e0n0n00s00000003 | | I
[tvpe The hype of te (T3 Staticn | | [os (a0 [o 1006O00CI0NC00004 | fas ]
5 [ise The ieast signiicant bes of the encryped K a5 an inieger | |2 1arassesen |z 147483585 0 100BOCORITONC0005 | faise |
5 [wausa [ The most significant bis of the encrypied s a5 an e |2 1aramsasen |z 147483588 0 [ IRAOICOSUO000S | faise |
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DATA BUS IMPLEMENTATION
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VSImMRTI Based on IEEE High Level Architecture HLA

Federates

Run-time
Environment

.e Booz | Allen | Hamilton

Simulators

1
!

I aY

Support Utilities

1
!

Live
Components

1

Interfaces

!

RTI

Federation Object Owner
Management Management Management
Time Declaration Data Distrib.
Management Management Management
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Off-the-Shelf Data Bus Software

Communication

Network
ad-hoc or mobile

Driver Behavior
driving patterns,
reactions

vehicle movements, |\ < Abblications
traffic signals, etc. T N T PP

.e Booz | Allen | Hamilton

59



General Architecture of Data Bus (VSImMRTI)

/ Federate 1 / Federate X

External Simuation Component

‘.
S :
}

External Simulation Component

R R
Federate RTI Federate RTI
Ambassador O Ambassador Ambassador O Ambassador

\

VA VL

V2X Simulation Runtime Infrastructure
Federation Vehicle Interaction

Management Management Time Management Management
¢ A
R

Simulation Runner

Booz | Allen | Hamilton
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Example Traffic, Communication, and Application Simulator

Ve ~
/ \
! / !
I JISTISWANS |— Simulation I
eWorld
I Core " State |
———————— | ' 0
- ) \ | Network Simulation |
/
. ~ | ' | -
SUMO Traffic I I JiIST/ISWANS |—] Events | Environment Simulation
| Core Simulation | | Scheduler e I
| N )
! ¢ A L ¢ v '
R — — —— e —— — —
I ) o : pr= - AN
| [ [ Synchronized Message Mobility | |
| TraCl Server | | Scheduler Server Server : | eWorld Event Server |
I | I | | [ P |
| A (. A A A R A |
i R I I R R R | ) R 9
| | | || | |
| o ) | |
| TraCl Client | | Me;sage qulllty I eWorld Client |
Lo Client Client I |
| | |
SWANS |
| ¢ R I Ambassador ¢ R | | ¢ R [
I SUMO M : : M | | eWorld M |
| Ambassador RTI I Ambassador RTI |
| Ambassador | | RTI Ambassador | Ambassador | |
\ \ ;o

TS G AT St o TR 7% o Nl

V2X Simulation Runtime Infrastructure
(VSImRTI)
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Opportunistic Synchronization of Simulators

S (-l e |
< Rollback R
Simulation Time
T T T

Unprocessed Events Unprocessed Events
m " O P

[ Processed Events (ready for processing) (not ready for processing)

Processing of local events regardless of dependencies

Rollback if event is scheduled in the past

Time Warp: Save/Restore States, anti-messages

Result: overall simulation time significantly shorter than sequential simulation

-e Booz | Allen | Hamilton
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Tools Needed for Analysis

Tool Modes Performance Measures

Vissim GP traffic, HOV, transit Travel time, delay, throughput
Visum DTA GP traffic, HOV Volume, travel time, throughput
Visum GP traffic, HOV, transit, ride-share Trips, volume, travel time, throughput

-e Booz | Allen | Hamilton
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Analysis Phases

Phase ATDM Strategies Tools
. . » Dynamic Ridesharing
> Trip planning _ _ » Dynamic Transit Capacity Assign.
— Departure time choice » On-demand Transit -
— Destination choice » Predictive Traveler Information Visum
_ Mode choice » Dynamic Pricing _ Travel demand, DTA,
T _ » Dynamic Fare Reduction transit, line blocking,
ransit » Dynamic Transfer Prot. tour based demand
= Rideshare » Dynamic HOV/Managed Lanes
= HOV » Bynam!callgly E.riceg Parkintg
» Dynamic Parking Reservation
= SOV
) Dynamic Shoulder Lanes B
> En-route _ Dynamic Lane Use Vissim
— Route choice Dynamic Speed Limits Vehicle movements,
— Facility choice Q&Jeue Warning facility choice,
. - : Adaptive Ramp Metering :
Parking lot choice Dynamic Junction Control parking, etc.

Adaptive Signal Control
Transit Signal Priority

Dynamic Lane Reversal
Dynamic Parking Reservation
Dynamic Overfl. Transit Parking

Booz | Allen | Hamilton
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Analysis Process

15 min resolution

PTV xTour

On-demand Transit

SCATSim

Adaptive Signal Control

g

Transit Syst Mgr.
Dynamic Ridesharing
Predictive Traveler Inform.
Dynamic Pricing

Dynamic Fare Reduction
Dyn. Overfl. Transit Parking

Visum

Tour based demand
Traffic Assignment
Transit Assignment
DTA Assignment
Dyn. Transit Capacity Assign.
Dynamic Transfer Protection
Dynamically Priced Parking

Vissim
Traffic Simulation
Transit Simulation

Transit Signal Priority
Dynamic Parking Reservation
Dynamically Priced Parking

1 sec resolution

GeoDyn2
Dynamic Shoulder Lanes
Dynamic Lane Use
Dynamic Speed Limits

Queue Warning
Adaptive Ramp Metering
Dynamic Junction Control

Dynamic Lane Reversal
Dynamic HOV/Managed Lanes

PTV Optima

Short-term prediction

Communication
Data loss and latency

5 min resolution
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DATA NEEDS AND AVAILABILITY

-e Booz | Allen | Hamilton




Historical Data: Cell Phone Based Travel Demand

» Mobile phone sightings

— Collection period:
12:00AM 09/01/2010
through 11:59PM

10/31/2010

— Total number of sightings:
6.4 billion

— Encrypted Sprint
subscribers: 1.8 million

» Identified trips mapped to
TAZs
— 308,988 for weekdays

— 102,571 for weekends
— 158,617 for event days

5. i
ATEs Of

Data Environment
MobileOD Projection

Link Type

Data environment network

Mobile phone traces
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Historical Data: Google Transit Feed

ZiBixi

» Routes

Ha P H ey |Q-ﬂ-| |ﬂ E ) [f] vetwork editor -
o q Network editor (Edit: Line routes)
i b PE =T ® = @ seectcrar.. B A% : EHEEEE BN CIERERY,
} Sto S 'k W Wodes = ;I E ‘ w{ S | E [ | | Tabular timetable IGraphiaI timetable (vertm\}l Graphical timetable (harizonial}l
p / W Lizks Lines | | =
2l W Twns GF 2539417 ;I Number 5538 T
’6 W Zones - 25344179 MName 2BI4TERD 263,
W g igx 1201 Line 258-13047 258
- - " .
} SChed u |eS M I 25344183 E:z:lt:a paseiss T
%—Y Ml toens 0zt | e ot " -
Wi Hoin zones 1 M 28344191 Operator
M [l 25344182 Service trip pattem number ]
H W FeT paths L g i:xi:i Vehicle joumey sections
ER ¥ Stop peints T m [ 26344195 Start etop poirk oete ToETs -
|y ¥ 2539919 End stop point 5828 5626 1081
[FH ¥ stop ereas _ [ 26344197 Departure 05:20.00 0
@ ¥ stos W 26344219 Arival 08:44:00 08:
PP ¥ System routes . g i::‘;ﬁzi Coupled 5 =
E i [Lines ';I | [ 26347636 Filter | Mo | Code | Name | Departure (completed) | Depanureﬂ
B i + b g po [] 9625 0826  Eastem/Tufle 064400
s al>H 1 O 2 [] 130001 1300010 Union Pacfic / 08:43:00
Court 3 [ LT [ w3768 [ 130000 1300003¢ Eastem / Olymp 054200
e > 7 [ 26347643 [ 130000 1300008t Ford / Mines 05:41:00
DirectionCode < ~F B34S | 130000 13000037 Ford / Verona )
[ Name  |° g i::ﬁﬁ?g [] 130000 1300008¢ Ford / Whitier 00:40:00
ISR 0000 B 347t [] 130000 130000 Ford / Humphre 05:60:00
Sum(PTripsUnlinked(| _( J ¥ 26347672 06:39:00
[] 130000 130000% Ford / Gth
T T ::g g::ﬁ;ﬁ _{ll O 130000 1200005 Ford / &th _
k 'r% = |_| 1 130000 1300005: Ford / 4th S RN
1 1 § L
! —I " Lines ¥ Line routes
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Historical Data: MTA Transit Data

» Transit trip table
» Transit station count data (on/off/transfer)
» Transit fleet

» Depot locations
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Historical Data: Travel Survey

» Travel survey data
— Price elasticities
— Demographic data

» Potential sources
— SCAG travel survey 2001
— Caltrans household survey 2010-2012

— SCAG activity-based model development (on-
going)

-e Booz | Allen | Hamilton
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Historical Data: Caltrans Ramp Metering Rates

» Ramp metering rates by Ramp Meter Dynamic Capacity
— Location 1200 |
— Time of day o / \ \ 7 |
800 \ | location 4663
- Day Of Week _:-§_ c00 | ——location 4662
E —— |ocation 4522
400 | I ——location4325
500 ———|ocation 4237
0

12345678 9101112131415161718192021222324
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Real-time Data

» It is necessary to analyze not only historical data trends but also real-time
data and the system’s response to various events. The Testbed team
needs to list all possible real-time data necessary for the analysis; some
examples can be listed below:

— Sensor detector vehicle count and speed data
— Video surveillance data, including vehicle occupancy data

— Signal plans and traffic control device data and real-time operations data
(e.g., toll prices, HOV restrictions, turn restrictions, parking restrictions,
shoulder lane operations)

— Work zone data
— Incident information.

S, .| )
-e Booz | Allen | Hamilton
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Real-time Data: Caltrans PeMS

» PeMS detector stations

» Categories
— Freeway mainline
— On/off ramps
— HOV lanes

— Freeway to freewa
connectors

2, o
STargs ok

3 Catrans pems

pems.dot.cagov,
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Real-time Data: Caltrans LCS

Indes of st 07ics

» Caltrans maintains a state e
. Index of /travel/dist_07/lcs
wide lane closure system
(LCS) data

— Arranged by Districts

— Updates every 10-11
minutes

— Publically available, also
authorized for this project

Last modified  Size Description

31-Oct-2008 0025 42K
> 10-Nov-2005 17:21 668
11-Oct-2011 1336 1.2M

ALFE | EB/VE | Testord B | | 168 | B | Goldsn Svave Frw @
|

el for 1| 1555 | 1 Goloen Fare

Orca Web Services Incidents Service

5. Incidents Service

The incidents service of the Orca interface provides read and write access to the incident data in
the Trafficplation. Incidents describes events and effects on the road. e.g. congestion, siow raffc,
blocked lanes. Each record may contain information about the location, the svent, the resuiting
restrictions and the tme the ineident oceurred of s vaild.

The URL to the WSDL of the Incidents Service is:
Betp://<host »forca/incidentarwadl

The incidents data types are located at the following URL:
Beep://<host > forca/incident s xsd-1

5.1. Incidents data format

The following chapters describe the structure of the Incidents data format, and thereby take a closer
look at some important parts of the format. This wil help to nderstand the general siructure of
theformat, For o celaled descrtion o th atibus and slemerts please ke 3 ok at e
incidents mi]

5.1.1. General Information

The roo ementof e ncident 4t suckre s <Incidentes and contans (rouped by v der)
oraeresdtrom contains
[y — e i i o he XML oty o doscrbos e ystom on whi e a.
document was created, ¢ g.: "TIS-PRODUCTION-A'

<neidents
cendor creationtinent 7" systemId-r? /s
</Tnetdentss
Aftribute v r=1en defines the version of the data format and is eurrently always setto *1.0°

5.1.2. Provider

, which contain the current
aawe incidents of that provider. A provider is pricrein rough s name, which 15 proviied by PTYV

<rneidents.
rovider providervame-n7ts <i--opticnal, Miltiple-—»
< /Tncidentas

Ifa cerovidar> element exists, it contains all incidents of that provider. If a <zrovider> element
contains no incidents, either when reading or writing incidents, it means that no active incidents st
o he rovier

For more precise formaton about 1 shown serents and thew alioutss, piease rofet 1 o
ink00000022}.

5.1.3. Incident and meta informations

An incident at the least contains the reportTd, which makes an incident uniquely identifiable. If there
are changes to an incident over fime, for example regarding the length of a congastion, the ID is used
o identify the incident in the updates.
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Real-time Data: LA County IEN

» LA County Information
Exchange Network

— Open architecture
Intersection data sharing

— Monitoring and control
— Signal timing and phasing

— Publically available, need
to apply for access for this
project

Home

Project Goals

Home ~ Busi
Deployment Status
Site Status
Site ID Site Name
1 |Los Angeles County DPW
2 |pasadena
3 |Pasadena
4811 |Los Angeles DOT

DPW

Los Angeles County

-
I

<+ --»l

I
L

Firewall

Command/
Data
Interface

I
R
I
|

Switch

5 ||prcadia i i
IEN Workstation IEN Site Server TCS Server
ST 3 finglewood McCain QuicNet Online _|jAugust 2005
System Capabilities 7 |West Hollywood McCain QuicNet Online |[puly 2006
TS 8  |purbank McCain QuicNet Online |[pecember 2007
. ) 9 |Glendale McCain QuicNet Online |[February 2008

Connection Requirements

10 |piamond Bar TransCore Transsuite TCS Online |[august 2009
standards C

12 [Beverly Hills Kimley-Horn KITS Online |[pecember 2010
Stakeholders

13 |Gardena McCain QuicNet Online _||pecember 2009
News.

14 |Downey Siemens 12 Online |[September 2009
Deployment Status

B 15 |Caltrans RIITS Online _|[May 2010

RS LIS 16 |santa Clarita McCain QuicNet Online _|[august 2010
Documents 17 |[ahambra TransCore TransSuite TCS Online  |[September 2011
Contact Us 18 |west Covina TransCore TransSuite TCS Planned ||[Summer 2012
Acronyms 19 |pomona McCain QuicNet Planned |[Summer 2012

System Software

System Component

Release Date

Notes

LA County IEN Software

February 2002

Updated to v2.4.1 in March 2011

[Kimley-Hom KITS CDI

May 2009

[Enhancements planned for 2013.

[Econolite co1

2013
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MODEL CALIBRATION APPROACH
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Model Calibration Parameters and Approach

» Models to be calibrated
— Visum
— Visum DTA
— Vissim

» Operational scenarios calibrated for
— Peak/Off-peak
— Incident
— Work Zone
— Planned Special Event

» Calibration data sources
— Caltrans PeMS
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SYSTEM EVALUATION
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System Performance Measures

» Proposed system performance measures include:
— Vehicle Throughput
— Vehicle/Person Delay
— Travel Time reliability
— Fuel consumption and emissions
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