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Connected Vehicle Technologies: Speakers Perspective

" Conducting Connected Vehicle R&D since 2006
» Standards Development

= Consulting

" Tech Development

* Pilot Deployments

* |ndependent Test & Evaluation

. Coperutive Sensor Sharing System - Patent 7,994,902
[ ] Developed >25 unlque On_road and Off_ road = Initial SwRI [U) - INRIA (France) Research Conducted in Versailles, France

Automated Vehicle platforms since 2008 (most use
some variant of CV to operate)

Active Safety Alert
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http://www.overdriveonline.com/files/2014/02/Connected-Vehicle-Concept-v6.png

Connected Vehicle Pooled Fund Study

Basic Infrastructure Message |
Work Zone Traffic Safety - LEGEND

TMC provides detailed work zone
information to RSUs

RSU provides lane closure and
speed limit information to vehicles

Vehicle provides detailed work zone
Traffic information to drivers
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Using

Third Parties to Deliver 12V

Connected Vehicle
Pooled Fund Study

States, Infrastructure Vehicles (OEMs)
Owner Operators (I00s)

Smart Devices
(3 Party)

BOT
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Connected Work Zones
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Texas Connected Freight Corridors

Improve safety and efficiency of freight movement around Texas including Freight signal priority

Phase 1: High Level
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SPaT Deployment Tools & Support

Georgia DOT’s ~1,000 unit RSU (roadside unit) deployment NN N

in Atlanta metro area (6M people)

Infrastructure and in-vehicle support tools

MAP data validation and consistency checks

RSU siting, survey, integration and testing support

SPAT AND MAP

SR 8_Argonne
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CV Technology for Improved Fuel Efficiency

" Goal of reducing vehicle energy
consumption by at least 20%

* | everage connectivity, automation,
and model predictive control { Traffic Simulator }F

CAV on Chassis Dyno

————= {

» Traffic simulator feeds HIL
simulation R e e,

Vehicles speed, ...

Co-optimized Vehicle & Powertrain Control
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DOE ARPA-E grant program
No significant modifications to vehicle powertrain hardware
Using hybrid vehicle (Prius), but algorithms must be transferable to other powertrain architectures
Tech-to-Market – DOE wants OEMs, suppliers, fleets, IOOs, and others to engage and bring this to market


Using CV to Improve Fuel Economy,
Reduce Emissions

Leverage connected information streams (V2V,V2l and V2X) and automation to improve energy
efficiency and performance of powertrain

Human
Power Demand = f (Vehicle Speed)
AV
/ & . T -.\\ o~ e
' * Vehicle Connectivity | | / . .
* Optimal Power-Split
* Automated Vehicles By Helping Drive Smarter
* Aftertreatment Controls
* Cloud/Edge Computin :
/Edg BN 2. Deliver Power Dem;im.d In « EGR Controls
. Big Data the Most Energy Efficient -
Manner * Drivability
I\__ [
< 7/ - )
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Connected Powertrain

The Ego Vehicle (Red) The Development Vehicle
Interacting With Traffic in the Simulator Mounted on The Hub Dynamometer
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ARPA-E Connected Powertrain Results

Next-Generation Energy Technologies for
Connected and Automated on-Road
Vehicles

Initial 3-year program funded by ARPA-E
ended 2020

Demonstrated energy consumption
reduction of 20% on Toyota Prius Prime
No powertrain hardware changes

No compromise in emissions, safety or
drivability

Program Extended in 2021| for 3 more
years (using Honda for vehicles)
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EDGE-CV: Solving the “massive data” problem

Technical Objective: to evaluate technologies to develop an EDGE-CV Data Platform to
integrate edge computing with centralized processing to handle CV data at scale

* Technical Approach:

— Establish the CV Simulation
Environment

Road Users Roadway Infrastructure Research Focus States/Cities/Corridors

I
— Evaluate TOOIS & PI’OtOt)’pe m ; Roadside Units —>I Processing | > TMC ATMS
Nod
EDGE-CV Data Platform - Cameras . — |
-t > - | |
. . Message Signs | Edge
— Establish the ATMS testing ___, . _I,_ |
environment o Weather Sensors | b : N
—_— > Traffic Signals | Ed TMC ATMS
- TeSt the EDG E'CV Data. ﬁ. 5G Small Cells _r\_I__> prol\(l;ei;;:ing I »-
. —_— ode
Platform with an ATMS o | E——— |

environment
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Connected Vehicle Security

| Misbehavior
B I ‘

= Security:
— Compromise-resilient software over-the-
air update security protocol

— Deployed reference implementation on f . . P
embedded ECUs and DSRC radios . 7 e

= Misbehavior identification (including

adversarial learning):
— Existing CV security processes cannot guard
against erroneous data
— Leverage sensor-equipped vehicles and
infrastructure to validate CV message data
— Develop methods to ensure or revoke trust

<7 A
.\ 72 ,A ,9 o | P /
-
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Situational Awareness for Connected Vehicles

- - - -
[& EOTAING g™ -
©

High-Traffic Intersections, Work Zone & School Zones

| o Static situational awareness system detects
pedestrians, bicylists, & vehicles

e Static system transmits situational awareness
message & SPAT/MAP to surrounding vehicles

Vehicles contribute to the collective model of
the area

Applicable for dangerous intersections, school
zones, and

rse
— o nd construction work zones
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Florida DOT V2X Data Exchange Platform

" Development of a statewide data exchange
program in Florida that ingests high-
volume, high-velocity data from diverse
transit sources.

= Will facilitate real-time detection and @’
dWS

I faci , ol Iteris
notification of actionable conditions as well
as historical analysis to support future

initiatives. awon k FIU

" Cloud-based / Fog-based data analytics and rodiok (5O gle
reporting platform “ORD MORBILITY

= Consume data from numerous sources
" Provide access to variety of consumers
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Florida DOT V2X Data Exchange Platform

4 Producers

CAV Projects
(including AV data)

TSM&O data

Field Devices
(Edge/Fog Systems)

Third Party Data Sources
Other Agency Data

OEMs, Tier 1 Providers,
Aftermarket & Fleets

V2X Data
Transformations

V2X Data Lake

V2X Data | V2X Data
Catalog Fusing

VV2X Data Ingestion

VV2X Data PIl Elimination
V2X Data Filtering

—

V2X Data Exchange Platform |  Consumers

Traffic Operations
Real-time and
Predictive Analytics,
Visualizations &
Reports

Traffic Engineering
University Research

OEMs, Tier 1
Providers,
Aftermarket & Fleets

Analytics

Engine
—>

V2X Data Platform API

V2X Data / Network / Infrastructure Cyber Security
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V2X Platform:Types of Results

ROUTE CA-21 EB Knotls Ave Lo Tustin Ave

9 1 Mirada Laaflat | & HERE

| PrOVideS “PredictionS’ - L.;::: Month | February 2020 = © show Dates Mewic | Average Speed
as well as “actuals” e Fuleror e

o T ™ SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY
: Anaheim )]

Anaheim
" Will be “government”
owned so it may be
reused many placesat .

no development cost

Fraeflow Speed Sources

* Under development

REFORT: Monthly Contours

FRIDAY SATURDAY

Average Speed
® imph)
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Questions ?

Steve Dellenback

steve.dellenback@swri.org
+1.210.522.3914
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