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- Project Experience i
- Initial Connected Vehicle Deployments
- Snowplow Signal Priority / Preemption

- Connected Mobility Strategic Plan
- Practical applications of technology
- Lessons learned
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Overview of CV Equipment

 RSU (Road Side Unit)

e OBU (On Board Unit) i

e V2X (Vehicle to Everything) Hub

Vehicle-to-Network Vehicle-to-Vehicle
Communication Communication
Vehicle-to-Infrastructure V2X Communication Vehicle-to-Pedestrian

Communication Communication
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Connected Vehicle Project Lifecycle

Our experience spans all stages of project life cycle — A
planning, design, implementation, construction, and
operations and maintenance

* Planning, grant applications, systems engineering, technical guidelines

e Design and procurement

* Implementation (installation, integration, testing)
* Construction management and inspection
* Post-install services




2017 CDOT Project
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UDOT

* Designer-led Design-Build project iy
* Field work documentation il
* Field Deployment Playbook

Panasonic V2X Deployment Program
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i o IR CDOT Snowplow Signal Priority
'h_ ‘Region 1
Snowplow Signal Priority

Pilot Project

R [T : : i
e ) el __ Project Overview UL
=~ ll] ) —+ /B * Reduce the number of times a
=== T L oy snowplow must stop for a red light

*Reduce Route Times
*Reduce Emissions
*Improve Pavement Conditions
*Reduce Yellow Light Decisions

Allocate an early green or extend the green time at the signal when a CDOT
snowplow is detected at the intersection.
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CDOT Snowplow Signal Priority

Our Role:
v’ Creating system engineerin AR
g Sy g g it

documents

v Vendor bench testing & test
documentation

v’ Pilot project plans & deployment
support on 3 signals & 8 snowplows

v’ Final project plans & deployment

support for around 21 signals and 18
snowplows

Interse ction
RSU Traffic Signal

Participating Metwark Switch Cortroller
Plow Operator Showw Plow with OBU = =0 —
A e R | Me—
] L=
PaT, SSM— ' @ (@ @
Grants Drermy =
0 SR
—p

SREM,
GPS, BSM |
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Bench Test Environment CDOT Snowplow Signal Priority
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MAP file Test
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Sent DENMg
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Sent BSM packets
Recelved WSAS
Received TIMs
Received SSMs
Recived SRME
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Received RSAS
Received FiMa
Received MAPS [L3)
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Bench Test Results
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Operational Event Logs

I Show All Entrys

Entry |
I

8 | 12/14/20 13:10:33 Prioritor 1 active

9 | 12/14/20 13:09:45 Prioritor 1 active
10 | 12/14/20 13:08:57 Prioritor 1 active
1 12/14/20 13:08:09 Prioritor 1 active
12 . 12/14/20 13:07:21 Prioritor 1 active
13 : 12/14/20 13:06:33 Prioritor 1 active
14 | 12/14/20 13:05:45 Prioritor 1 active
15| 12/14/20 13:04:57 Prioritor 1 active
16 | 12/14/20 13:04:09 Prioritor 1 active
17 . 12/14/20 13:03:21 Prioritor 1 active
18 | 12/14/20 13:02:33 Prioritor 1 active
19 | 12/14/20 13:01:45 Prioritor 1 active
20 | 12/14/20 13:00:57 Prioritor 1 active

21 | 12/14/20 13:00:09 Prioritor 1 active

ATC Logs from Signal
Priority testing

N



Connected Mobility Planning

Connected Mobility (V2X) Benefits Connected Mobility Strategic Plan

Using technology to increase safety and mobility in Denver

7 ey City and County of Denver, Colorado

> The Mayor’s visionary initiatives > Blueprint Denver

| IA | > Vision Zero > Denver Moves Everyone

Connected Mobility Technology enables real time data transfer between all modes of transportation,

'::'-". , allowing for real time decision making. DOTFs integration of connected mobility solutions has and °
_erE * Development of a strategic plan for development and

A complete and sustained Connected Mobility program

E deployment of connected mobility solutions

THAT HAVE ALREADY BEEN PILOTED, SUCH AS:

o Documentation of existing conditions, definition of desired
= A T e B future state, and gap analysis to identify
e PRI improvements/investments

DENVER NEEDS TO:

Update infrastructure (signals WITHOUT INVESTMENT IN CONNECTED MOBILITY::
and fiber) to prepare for a
connected futuee > Existing V2X pilot projects > Vulnerable road users M M M M M M
: o Roadmap outlining and prioritizing steps
n Secure yearly funding that
allows for a well-equipped > Emergency responders have > All roadway users miss out
Connacted Mobility taam. slower response times on connected infrastructure

benefits

e o Evaluation plan with KPIs and other measures to assess
. effectiveness over time

Connected Mobility can no longerrely on grant funding as the Y
- . 5 R % DENVER
primary source of investment. Cansistent funding is paramount. PORTATION &

N



Methodology

Peer Agency

Literature
: Review and i
Signal Interviews HUUUHULUL

Inventory Data

Literature
Review of
Existing City
Initiatives

System
Documentation

Workshops and
ATCMTD Pilot Discussions
Data with Staff

Existing Gao Analvei Desired Future
Conditions ap Analysis State

Recommendations

Roadmap

Evaluation Plan
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Existing Conditions

Existing CCD Connected Mobility Use Cases
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Desired Future State

EXISTING CM _ |||||||||
i m A
ELEMENTS

CONNECTED
MOBILITY
PROGRAM
GOALS

Desired Future State
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Gap Analysis
HUULHULuy
UHULULUUL
System Elements
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Recommendations

) MU
59 Total Recommendations I||||||||||||||I||I||I||I|||

Three types: Ten categories:

* Projects e Staff Development & Organizational
* |nfrastructure Upgrades * |nfrastructure & Devices

* Considerations e Standards & Specifications

* Maintenance

* Data & Security

* Emergency Vehicle Preemption
* Snowplow Preemption

* Vulnerable Road Users

e Communications & Outreach

e Future Considerations
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Recommendations

Example Category:

E' DENVER

City and County of Denver
Connected Mobility Strategic Plan

5.1 Staff Development & Organizational

For the strategic plan goals to be met, staffing is key. One of the first steps is to develop the current CCD
groups to support the CM system. Program management, project management, engineering, data
analysis/engineering, and signal technical work are some of the workforce needs in the CM system.

Previously, Denver's CM work has been done in a silo without internal and external knowledge sharing or
partnerships. The CM/ SysOps group aims to work closely with T3, Design, Planning, and other groups
throughout CCD, similar to how other peer agencies function, allowing for a secure, robust, and impactful
CM system. The groups would be unified in a common Advanced Mobility Program. These recommendations
will detail the staff development and organizational pieces to support a successful CM program.

The recommendations include:

+ C01-Develop Advanced Mobility Program

+ (02 - Allot an Annual City Budget to CM Program

*  C03-Build Up Current Teams to Support CM Program

+ C04-Supply Connected Mobility Support Vehicles & Resources

= (C05-Establish Workstations for New CM Team Staff

* C0B - |dentify High Leverage Activities that Should be Performed Internally
*  C07-Periodically Reassess the CM Team's Knowledge, Skills, and Abilities
*+ (C08 - Collaborate with Other CCD Groups and Departments

* (C09-Collaborate Internally on Grant Efforts

* (C10-Utilize Consultants, Contractors, and Vendors When Needed

*+ PO01-Develop Processes for Documenting Organizational Knowledge Related to CM

S



Recommendations

Example Recommendation:

City and County of Denver
Connected Mobility Strategic Plan

a"% DENVER

TRANSPORTATION &
INFRASTRUCTURE

SNOWPLOW ' P20 - Develop Snowplow Preemption Concept of
PRIORITY E Operations
DESCRIPTION:

Development of a document outlining operational considerations associated with Denver’'s Snowplow
Preemption system. This includes an overview of system elements that allow the system to operate safely
and effectively, a description of stakeholder roles and responsibilities, and operational scenarios outlining
how the system will function under different circumstances.

VALUE ADDED:
* Provides a framework for the operation of the snowplow preemption system to help ensure it
operates safely and efficiently.
+ Clarifies roles and responsibilities, ensuring all stakeholders understand their role in the system.
+ Fulfills FHWA requirements for transportation technology deployments.
+ Serves as a steppingstone toward the development of standard operating procedures.

GAPS ADDRESSED:
+ (2.4-Snowplow Preemption Standardization

STAKEHOLDERS: DEPENDENCIES:

Denver Connected Mobility Team None

Denver System Operations Team

Denver Tech Shop

Denver TMC

DURATIOMN ESTIMATE: EEFORT ESTIMATE: i COST ESTIMATE:
4 Months 160 Hours i Labor Only
1 1
1 1
| . {
GOALS SUPPORTED:
» 9 4l
’& Q= oC all
nmnn®
SAFETY MOBILITY & EQUITY SUSTAINABILITY AGENCY EC
EFFICIENCY READINESS




Thank you!
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