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FY 2016-2017 <

51.44 Billion Budget
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RoadX VISION:

RoadX MISSION:
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80% reduction in crashes per NHTSA estimates

40 to 400% Increase in capacity
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Human driver

Automated system
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Steering and Monitoring Fallback when Automated
acceleration/  of driving automation systemisin
deceleration environment fails control
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2 COLORADO
= Departimeont o€
VS

Transrortation

Roadway or specific lane(s) has adaptive ITS equipment (i.e. smart signals
hold for vehicles, highway lighting that turn on for vehicles, etc.) with
Traffic Operations Center override only, and/or two way data share between

DOT/Vehicle/User, and/or lanes designated for vehicle levels 3 & 4 only

(Advance Guide-way System) roadway or specific lane(s) designed for vehicle
level 4 only with additional features that may include inductive charging,
advance/enhanced data sharing, etc. Additionally, no roadside signs are

needed as all roadway information is direct to vehicles’ on-board systems

All roadway elements designed for only vehicle level 5 systems - no signs,

signals, striping... needed
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The long-term impacts and benefits Improve environmental Foster the economic benefits
of safely deploying this technology impacts of highway freight advanced driving technologies

to enhance safety are poised to bring to freight
delivery and our state.
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Basic Safety Message
Core Data

Example Contextual
Vehicle CAN Data

To Address The Most Dangerous Crashes....

V2V technology can see where we cannot:
Queue Warning & Crash Ahead
Freeway Merge Assist
Intersection Movement Assist
Left Turn Assist
Emergency Electronic Brake Lights
Wrong Way Driving

V2V technology provides every vehicle with:
» Real-time situational awareness for:
» Surrounding vehicles
 Weather
 Roadway conditions
» Enhanced, safer driving conditions

Ihttp://www.nhtsa.gov/staticfiles/rulemaking/pdf/V2V/Readiness-of-V2V-
Technology-for-Application-812014.pdf



http://www.nhtsa.gov/staticfiles/rulemaking/pdf/V2V/Readiness-of-V2V-Technology-for-Application-812014.pdf
http://www.nhtsa.gov/staticfiles/rulemaking/pdf/V2V/Readiness-of-V2V-Technology-for-Application-812014.pdf
http://www.nhtsa.gov/staticfiles/rulemaking/pdf/V2V/Readiness-of-V2V-Technology-for-Application-812014.pdf

CONNECTION TIMING :

V2| Data

Contextual
Data
Sources

Input Sources

Panasonic | Vv2x Deployment Program

STARTING WINTER 2017

ROADX

CpDOT
ACCELERATING TECHNOLOGY

CDOT AND PANASONIC '
DATA ECOSYSTEM

V2y
a—————

CDOT-Panasonic
V2X Data Ecosystem

Internet of Things,
Open Source Data

Q\,\t qources Platform, &

Everything Else
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Prevent 419 y OOO additional crashes
Save 5 y OOO more lives

Avoid 5 y OOO more fatal crashes

Improve freeway travel times by 42 percent
Improve arterial travel times by 27 percent

Reduce poor weather incidents by 25 percent

Improve fuel savings by 22 percent

Reduce VMT by 20 percent

Existing Traffic
Management
Platform

Improve freeway travel times by 42 percent

https://www.its.dot.gov/factsheets/pdf/ConnectedVehicleBenefits.pdf



https://www.its.dot.gov/factsheets/pdf/ConnectedVehicleBenefits.pdf
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We have learned from traffic signal systems
and enterprise tolling that interoperability is

difficult to achieve as an afterthought.

Existing Traffic
Management
Platform




Colorado Association of Ski Towns

January 19, 2018
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OTHERS

DNA of 8%
Cloud Your Car
Consumer ‘
EIECtronlcs Your Community AUTOMOTIVE &

INDUSTRIAL SYSTEMS

ECO SOLUTIONS 32%

19%

Business

Areas
Cloud

(x)
Your Home

Your Journey

APPLIANCES AVC NETWORKS
27% 14%

Your Business



Smart Cities

Global Experience,
Innovation, and Results




Shioashiya

Japan

e Opened 2012

e 400 single-family homes

e 83 condos

* Net-zero energy, net-zero
carbon community

Solutions include:
e Residential solar+storage

e Full smart home loT
including appliances and
lighting

‘ Panasonic



Tsunashima SST

Japan

e Targeting (vs. 2005) 40%
lower CO, emissions & 30%
lower water use

e >30% energy from solar PV,
plus co-gen & fuel cells

e Community Continuity Plan
for resilience and emergency
services

e Town Energy Center and
Smart City Management
Center

e Also mobility, security, and
wellness solutions

Panasonic



Suntrust Park &
The Battery Atlanta

Atlanta, GA

e Mixed-use development
district adjacent to new,
iconic property
(Suntrust Park)

Solutions include:

e Digital experience

e Public safety & security
e Eco & sustainability

‘ Panasonic



Fujisawa SST

Japan
* 47 acres
* Opened spring 2014

e Single-family homes,
condos/townhomes,
multigenerational living

* 600+ families

Fujisawa City

" TOKYO GAS

‘ MiTsu Fuposan GROUP
L

{’ TOKYT) ELECTRIC BOWER COMBANY

TEPCD

Panasonic



Mavyoral Proclamation

e Issued by Michael Hancock, Mayor City
and Country of Denver

e Acknowledged by Joseph Taylor,
Chairman Panasonic Corp. of N.A.

e Signed 6/3/2015

* Proclamation defines;
v’ 4 pillars and establishment of task forces
- Evolved to 5 pillars (see below)

v the goal of the task forces to find technological
and innovative solutions to key priorities and
challenges in respective pillars.

- 18 specific projects for the 4 pillars

.




TOD: Transit Oriented Development

v" 400 acres TOD (35 Tokyo Domes) on RTD’s University of Colorado A Line Commuter Rail, one stop from Denver Airport.
v' PESCO being an anchor tenant (Opened on Sep. 12, 2016)
v" Panasonic invested $2.5M in Pena Station NEXT Phase 1 (154 acres) with LC Fulenwider (Jul. 2016)

v' Exclusive agreement for smart and sustainable products and services (5 year + extensions)

Living lab for the City & County of Denver for the smart city solution before full scale deployment



V2X Deployment Program

<Colorado Springs>

v’ State: Colorado
v" Incorporated: June 19, 1886
v’ Elevation: 6,035ft (1,839m)

v’ Population: 456,568 (2" in Colorado)
*Expected to grow to 0.5 Million by 2025

v" Industry: Defense, High Tech, Tourism

*Boeing, General Dynamics, Lockheed Martin, Verizon, HP

v Olympic City USA
United States Olympic Training Center
HQ United States Olympic Committee
HQ for 24 US National Federations for Individual
Olympic Sports

v' Mayor: Mr. John William Suthers
e Member of Republican party

e Former attorney general of Colorado




Xcel Energy’s First
Microgrid in CO

2017 Environmental Leader Top
Project of the Year Award

2017 Energy Storage North America
Innovation Award Finalist

Panasonic Younicos

4 4 4 4

Anchor load + 259 kW4,

1MW /2 MWh
rooftop solar

1.6 MW carport solar battery system

Islanding switch

Portfolio of Benefits
Solar PV Grid Integration (Ramp Rate, Bulk Shift)
Grid Peak Demand Reduction (Demand Response)
Frequency Response
Energy Arbitrage
Backup Power Resilience



Smart Streets:
Lighting the Way to
Smart Cities




Carbon-Neutral
Energy Planning
with NREL




Autonomous
Electric Shuttles

Solving first/last-mile
problems

6 seats / 12 passengers

~14 hours battery without AC

~7 hours battery with AC

15 mph transit speed (25 mph top speed)

0y




V2X Deployment Program

34



Five (5) years, $72 Million
V2X Deployment Program

1. V2X TOC Data Platform
2. Open Access Framework

3. Production-Grade Deployment
on Active, Open Roadways

Launched Jan 2017

Launching 2018

| V2X Deployment Program
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Panasonic Automotive Customers

Jeep ﬁ‘}

- — — — —



Largest Global OEM Industry Awards
Systems Integrator

e Global Display Audio

e |nfotainment

° Navigation IHS #1 Global Display IHS #1 NA IHS #3 Global
Audio Supplier Infotainment Supplier Navigation Supplier
 EV Battery

e Instrument Panel

* Sensor/Safety Customer Awards

* Connectivity

* ADAS (Advanced Driver ﬁ“
Assistance Systems) \j

¢ V2X —

| V2X Deployment Program

LUX Research #1
Global Battery Supplier

2015 Lexus

2015 GM 2015 FCA 2016 Honda 2014 Toyota
Supplier of Electrical Supplier Innovation, Value Global Contribution
the Year Qualitas Award and QDV Awards Award

Partnership Award

2016 Ford
World Excellence
Green Brand Pillar

Award

37



Camera
Sensors
Weather

V2X Deployment Program

Existing Traffic
Management Platform

RSU

Signage
Traffic Lights
Emergency Alert
Community
Alert



"We won’t experience 100
years of progress in the

21st century — it willbe = = = =«
more like 20,000 years of
progress (af today’s rate)

Ray Kurzweil
{ ) Inventor, author, Futurist
‘ Director of Engineering, Google

Co-founder & Chancellor, Singularity University
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[ R
& Steam Engine
Telescope

Printing press

| Colorado Springs
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Colorado Springs

40



CDOT-Panasonic Partnership

| V2X Deployment Program m
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Phased Deployment Approach

Agile, Iterative Delivery

Phase O

Project Plan & System Design

* Develop Phase 0 Baseline Schedule

e Define & Initiate Program Management

* Complete Systems Engineering Planning

e Select Project Vendors & Partners

e Build CDOT-Panasonic V2X Test Environment

* Develop Phase 1-5 Preliminary Schedule

* Develop Phase O Final Report defining Phases 1-5

Phase 1

Vehicle-to-Infrastructure (V2I) Communications —
Collect Data

Phase 2

Infrastructure-to-Vehicle (12V) Communications —
Disseminate Data

Phase 3

Vehicle-to-Vehicle Communications (V2V)

Phase 4

Enhanced Data Analytics

Phase 5

End-to-End System Deployment on I-70

| V2X Deployment Program

CDOT Live
Environment

CDOT
Pilot Sites

Panasonic V2X
Test Environment
(Lab, Garage,
Roadways)
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Camera
Sensors
Weather

| V2X Deployment Program

Existing Traffic
Management Platform

ta:@\«—‘i_:_:?

)
A.

RSU

Signage
Traffic Lights
Emergency Alert
Community
Alert

PHASE 1
PHASE 2
|

é‘%’_

t PHASE 3
PHASE 4
PHASE 5

43



V2X System
v
(=" I~

S
(O
® 12V

On-Board Roadside V2X Data
Equipment Equipment Ecosystem
(OBE) Subsystem (RSE) Subsystem (VDE) Subsystem

Analytics

V2V

On-Board Equipment (OBE) — V2X equipment inside vehicles that transmits and
receives data between vehicles and to the infrastructure.

Roadside Equipment (RSE) — V2X equipment installed on the infrastructure that
transmits and receives data to and from vehicles.

. V2X Data Ecosystem (VDE) — V2X Data Environment and Open Development
Platform




|-70 Mountain
Corridor
(90 miles)

e 0.082 billion messages/hr
e 22.9 GB/hr

e 0.27 billion messages/hr

All of I-70 in Colorad
SRR 6.3 GB/hr

Entire State of e 2.12 billion messages/hr
Colorado e 592.3 GB/hr







Phase 0 / Task Phase 1 / Task Phase 2 / Task Phase 3 / Task Phase 4 / Task Phase 5 / Task
Order 1 Order 2 Order 3 Order 4 Order 5 Order 6
Program Vehicle-to- Infrastructure- Vehicle-to- Enhanced End-to-End
Planning Infrastructure to-Vehicle Vehicle Data Analytics Deployment

(V2l) (12V) (V2V)

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

| V2X Deployment Program



Overall Goals: (1) Build a statewide V2X Data Ecosystem and (2) launch an initial footprint of V2X technology

Phase 0 / Task
Order 1

Program
Planning

deployient
Phase 1 / Task Phase 2 / Task Phase 3 / Task Phase 4 / Task
Order 2 Order 3 Order 4 Order 5
Vehicle-to- Infrastructure- Vehicle-to- Enhanced
Infrastructure to-Vehicle Vehicle Data Analytics
(V2l) (12V) (V2V)

)

Phase 5 / Task
Order 6

End-to-End
Deployment

Instﬁquipment in vehicles

Instaﬁequipment along I-70

€Y, transfer, store, and visualize data
from vehicles

| V2X Deployment Program
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{1} SUSTAINABILITY TIMING : SUMMER / FALL 2017

SMART POWERED LANES

Power source embedded into the
roadway wirelessly transfers energy
to vehicles while in motion.

Roadside equipment efficiently
connects to the utility grid and
distributes power to the roadway.

Minimal power storage needed within
the vehicle because the batteries
receive power from the roadway on
the go, allowing longer trips and less
battery storage.




COLORADO

Department of
Transportation

LY




COLORADO

Department of
Transportation

LY

Expansion ports for new features

Fiber Optic Sensing cable makes the road
“touch sensitive”

Data and power connections at the edge

Contained within a prefab concrete slab

compliant with standard pavement design
specifications
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hyperloop | one
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ARRIVO’S INVOLVEMENT IN COLORADO INCLUDES:
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C O L O R Alpedearning Community For Technology

Department of
Transportation

oo\ -4

Galvanize is a dynamic learning
community for technology. Their
community is where people and
companies with the guts and smarts
to create real-world change
congregate and inspire each other.
Their goal is to make opportunities EEFET
in technology available to all those

with the aptitude, determination

and drive.

THE CDOT & GALVANIZE PARTNERSHIP WILL BE MUTUALLY BENEFICIAL IN THREE AREAS:

Access to Talent

Promotion of RoadX
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