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 Situation: Our Industry is in the midst of a data
revolution. With a more and more data from
more and sources.

e Complication: Our Traffic Professionals are more

I I short-handed and time strapped than ever.
Sltu at 1on S’ Meanwhile, as our data sets grow, so does the

' ' time required to navigate the data, and separate
Complications, ; 8 P

the signal from the noise.
Qu eSt | ons * How do we improve our use and design tools
around today’s data set that:

* Addresses Safety?

* Prepares for a future CAV ecosystem?




An Answer

* Answer: Building on today’s most readily available data we
can use Cycle-Based and Phase-Based Metrics in order to:

» Capture specific Traffic States and their associated
safety/danger profiles

* Represent said Traffic States as discrete units
* Enable real time use in future CAV/V2| ecosystems.




Cycle And Phased Based Metrics

Characterize Specific Enables Real Time Use
Traffic System States Cases

Different States Possess
Unique Safety/Risk
Profiles

Data Processing and V2I
Communication

Address Elevated Risk Profile




Cycle and i
Phased Based .
Metrics . ,
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Skipped Phase

wensen = Characterization of the Traffic
State

Offset Failure

Split Failure

Preemption Event

Ped Delay

Saturation




Skipped Phase

Offset Failure

Split Failure

Preemption Event

Ped Delay

Driver Behavior Probabilities; Red Light Running

Dilemma Zone Risk; Unnecessary stop Risk

Yellow Traps, Storage Bay Spillback, Red Light Running

Preempt Traps, prolonged disruptions, compounding secondary effects.

Increased Danger for VRUs

Saturation



Characterized Traffic System States and Risk
Profiles Captured as Discrete Units.

e Ready for Data Synthesis
* Ready for Input into Optimization Processing in Real Time
e Ready For Connected Vehicle Communication In Real Time



Signal

Infrastruct
ure

HiRes Controller Data

HiRes CV Data

Data Synthesis:

EVALUATE SOLUTION )
Level 2 Metrics

[QUANTITATIVE]

Multiple Data Source:
1. cv

2. Near Miss

3. Public Record

v

Diagnostic Tool
[QUALITATIVE]

1

e.g.: New (Hi-Res)
Safety-MOE
A

Monitor Parameters/

Characterize Traffic
System State

High resolution MOEs:
1.
2.
3.

Safety Oriented
Cycle/Phase Based
Dynamic Refresh

Identify:

1. Cause of Characterized
States

2. Safety-based Management
Strategies




Characterized States

* Represented across Time and Space
* Sequentially, Culmulatively

Examples:

- High Ped Delay at High
Preemption Frequency
Signal

- Split Failures in LT Turns
in High Red Runner
Frequency




Diagnostic Tools

* |dentify and

Highlight Elevated
Danger Profiles

* |nstances of

Preemptions, Red

Light Runners,
Storage Bay

Spillback, Skipped

phase




Data Synthesis

* Characterized Traffic States Sharing Databases
* Near Miss

e Public Record

1500
1500

* Trajectory CV

Location (Feet)
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High Resolution Performance Metrics (Vehicle-based)

Cumulative Duration(s) Averages per 300-second Interval

80
RED

Hi-Res Performance Indicator  Definition of Performance Indicator 70 GREEN
= Stop n RED
Total Time : Total travel time Zgzz = Stop I GREEN
Total Distance : Total distance traveled §4o
Time in Queue : Time spent queued (not moving) %zz
Green in Queue : Time spent queued during green indication : 10
Green Distance : Distance traveled during green indication o= @: o . @' . I b ! ! I R

Avg. Speed in Green

Green Time Available
Green Time Utilized

Phase Failure
Number of Stops
TS5S-MOE (per Veh)

: Average speed during green indication
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Total amount of green observed (over multiple SG durations)

Total amount of green time vehicle spent effectively moving (over multiple SG
durations)

Number of entire green indications encountered before served
Number of stops

Utilization of time and space (per Equation 5-1)

**Please note right-turning vehicles can be served during red if allowed
*#* Measures computed as cumulative per vehicle as well as per SG duration
Veh = Vehicle

SG = Signal Group




Conceptual Framework — CV

Centralized Data Processing:

Real Time Control

Safety/Performance
Assesment

Signal Infrastructure Connected Vehicle




High resolution MOEs:
1. Safety Oriented
. 2. Cycle/Phase Based
HiRes Controller Data 3. Dynamic Refresh

Signal
Infrastruct

Monitor Parameters/

ure

Characterize Traffic

HiRes CV Data
System State

MIB/NTCIP
12735

\

\

Address Safety State Locate, Identify and
Intelligent Signal System . .
Design Quantify Safety Risk

- J

Recognize:

1. Event/State Type

2. Temporal and Spatial
Extent

3. Sequential and Cumulative




Example

* Multiple Split Failures on Phase 1 (Opposing Left Hand Turn)
* Elevated Ped Delay oh Phase 8
* Incoming Emergency Vehicle Pre-emption on Phase 2

* Real Time Response —J2735 Messaging to Vehicle



Danger Profile and CV

» Safety Trajectory Data
* MoEs from the point of view of the Road User.
* Time Traveled > Danger Traveled



THANK YOU

* Joe Born

 joseph.born@Cubic.com
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MIB/NTCIP

HiRes Controller Data

12735

HiRes CV Data

"

Address Safery State
Intelligent Signal System
Design

-

Multiple Data Source:
1. v

EvALIATE SourToN ) [—

# 2. Mear Miss
ER Public Becord
~ Data Synthesis:
[QUANTITATIVE]

p 1 "y
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Diagnostic Tool

[QUALITATIVE] _
. | dentify:

&g New (Hi-Res)
TS55-MOE

'

1. Cause of Characterized
Stabes

2. Safety-hased Management
Strategies

L
x
3.

Monitor Parameters/

Characterize Traffic
System State

High resclution MOEs:

Safety Oriented
Cyole/Phase Hased
Dynamic Befresh

Locate, Identify and

Quantify Safety Risk

Recognize:
1. Event, State Type

L Temporal and Spatial

Extent

1. Seguential and Comulative




Arterial
Corridor

A

High resolution data:

1. Vehicle Trajectory

2. Signal Controller
Event

Monitor Parameters/
Characterize Traffic
System State

(
.

Address Safety
Problem
Intelligent Signal
System Design

High resolution MOEs:

1. Safety Oriented

2. Cycle/Phase Based
3. Dynamic Refresh

Centralized Data Hub
- Signal Control
- Vehicle Comm

Performance Assessment

Data Synthesis:
Machine Learning
[QUANTITATIVE]

Multiple Data Source:
1. Cv

2. Near Miss

3. Public Record

EVALUATE SOLUTION
Level 2 Metrics

Diagnostic Tool
[QUALITATIVE]

e.g.: New (Hi-Res)
Safety-MOE

{

Locate, Identify and
Quantify Safety Risk

Recognize:

1. Event/State Type

2. Temporal and Spatial
Extent

3. Sequential and Cumulative

Real-Time Control

|

Identify:

1. Cause of Characterized
States

2. Safety-based Management
Strategies

Conceptual
Framework

20
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