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What is Connected Vehicle? ©)

System Components

Traffic Management Center 2 ]

rocl.l)tBeS dtala from the ESU-‘_) at:d y g el | oodside unit (RSU) transmits
S 1o various end poin data to the vehicle

1.  Traffic Signal Controller
(arterial deployments)

2.  Roadside Unit (RSU)

3.  Onboard Unit (OBU)

A traffic signal controller transfers 4. Direct 5.9 GHz

information on the signal phase . .
(green, yellow, red) and the amount Communication:

of time remaining until the light
chnages to the RSU, which then e C-V2X

broadcasts that data to the vehicle .
* DSRC (phasing away)

An in-vehicle red light
violation warning alerts
a driver who is about to

run a red light

Backhaul connect controllers to 5. Communication/baCk
e e ocessing. haul to RTMC/TMC
6. Traffic Management
Center

On-board equipment receives data
from the RSU radio and displays an
appropriate alert to driver
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What is Connected and Automated Vehicles (CAV)?

AV MESSAGE SET
: | Basic Safety m
LIDAR C amm ! Messzlige; ]
Signal Phase an
Timing Message
/ Brakinig Map Data N

Traveler Information

TIM
Message

Signal Request

SRM
Message

Ultrasonic Internal Navigation \

Sensor System Radar

Signal Status
Message

V2V -Vehicle to Vehicle Applications

l’%ﬁ F;.ﬁ V2I -Vehicle to Infrastructure EVP TSP TIM

No Driver Condltlonal High Full
Autonomy Assistance Automation | Automation | Automation

SSM
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Example from an FDOT Pro;ect Amﬁon 1

‘s 'I___H’ . 'y ¢ ‘r . " . o "ol 2 , =
‘ 4 - ;. : & , -‘ n A » d 0 T
i _-—n hoee ’- LY _,‘ N
- - T =S ' \ _ -1 ’
RoadSIde Unit (RSU) g f N SRR I e 9 L. 7 Sl Distance: 31.998768,
v D e g 0 T S Bl Bearing: 226.971924,

‘ ' ¢ e : : el T Al k. > Speed: 0.04000
Bk
Y ' T t

- Vehicle-to-Everything
2 Communlcatlon

- —

Pedestrian with
Smartphone ped safety

On-board Unit (OBU)
| - application
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How Many CAV Projects in Florida?

Projects/Initiatives

# Statewide Project/Initiative
4 FDOT Led Projects
# Partner Agency Led Projects

. Planning

1
2
3

10
11
12
13

CV Bike Safety Pilot Deployments
State Road 423 Freight Signal Priority
Downtown Interchange Smart Work
Zone

+ Pinellas County Smart Community
(2020 ATCMTD)

SR-869/SW 10th Street Connector
TSM&O SWZ

Smart St. Augustine

Intersection Collision Avoidance
Safety Program

SR 60 West Coast Smart Signal
Corridor Project

Connected Vehicle Priority and
Preemption System (CVPP)

Bee Ridge Corridor Smart Signals
City of Sarasota CAV Project

SMART US 19

US-1/Jupiter Bridge Smart Work Zone

. Design/Implementation
1 |-4 FRAME (2019 ATCMTD)
2 US 90 SPaT Tallahassee (Phase 2)
3 US98 Smart Bay
4 SR-710/Beeline Hwy - CAV Freight
5 US41FRAME
6 Florida’s Turnpike Mainline
and Beachline CV Deployment
7 Lake Mary Boulevard CV Project
8 1-10 Smart Road Ranger
9 +V2X Data Platform
10 US 1 Keys COAST
11 Railroad Advanced Notification System
12 |-4 Active Work Zone
13 LeeTran Traffic Signal Priority
14 Collier Countywide Connected Traveler
Information System (CTIS)
15 Train Vehicle Crash Avoidance Pilot Project
16 Wildlife Protection
17 AWZM - District 2
18 AWZM - District 3
19 AWZM - District 6
20 CVSmart Signal - Lake County
21 SR 436 PedSafe Project - City of Altamonte
Springs
22 SR-401TS Safety Deployment
23 Pasco County SMART US-19
24 Hillsborough County Connected Vehicle
Priority and Preemption System
25 AWZM - District 7
26 Pedestrian Warning System - 12V
Deployment along Alt 19 (City of
Clearwater)
27 Smart Signal Corridor (West St. Petersburg)
28 ¢ RSU Health Monitoring
29 Cybersecurity
30 First Responder
31 U.S. 17-92 Connected Vehicle Deployment
32 Ped/Safe Il U.S. 441/State Road 50

08404 08

Y T
1/ Tallahassee I X ) |
o { o [
\:‘fL -\( 4‘@% \\\ (DISTRICE’L !
(\A—»f“ i”::/’;.} Gainesvill
o ainesville
K._
\)
20 IR
23

A Operational

+ Security Credential Management
Systems (SCMS)

+ Lane Closure Notification Systems
(LCNS)

Gainesville SPaT Trapezium

+ Smart Signals Dashboard

¢ AV Shuttles at Lake Nona

+THEA CV Pilot

Smart Work Zone Trailer

Pinellas County SPaT

Incident Response Vehicle Pilot Project
I-75 FRAME Gainesville

SR 434 CV Deployment

¢+ Downtown Tampa Autonomous Transit
+ HART AV

+ AV Shuttle at PSTA

I-75 FRAME Ocala

Orlando Smart Community (2017 ATCMTD)
Seminole Expressway SWZ

I-4 Beyond the Ultimate South Smart Work
Zone

Gainesville Bike and Pedestrian Safety

FTE SunTrax

. Legacy/Retired

1

wmoha WN

Near Miss Identification Safety System
(N-MISS)

US 90 SPaT Tallahassee (Phase 1)
Gainesville AV Shuttle

Osceola County CV Signals
CAV Projects (ATMA)

‘EL_

LAY
{Daytona jp.»]
3

DISTRICT 5

5 7

LS

17

%)
\13

{

5
~(Ft. Lauderdale

(DISTRICT 4)
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y CAV Research Projects in Florida?

FLORIDA A & M UNIVERSITY

UNIVERSITY OF WEST FLORIDA

FLORIDA STATE UNIVERSITY

UNIVERSITY OF NORTH FLORIDA

m Research Initiatives
. Ongoing Research
. Completed Research

On-going Completed
Projects Projects

KEY WEST

8 _is s

100
Miles
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What Is Vehicle-to-Everything (V2X) Communication?

V2X provides the communication technologies for CAV.

Collision Avoidance | WEEEEp  |Risk Mitigation

e V2N: Vehicle-to-
Network

e V2I: Vehicle-to-

Infrastructure
e V2V: Vehicle-to-

vehicle

On-board Sensors

V2l and V2V

”
e
! 3

V2N
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How Does Cellular Vehicle-to-Everything (C-V2X) Work?

Direct short-range (=Sidelink)

6‘ - 6‘ * Vehicle-to-Vehicle (V2V)
V2V

\ (PC5) / * Vehicle-to-Pedestrian (V2P)
s #c5) * Vehicle-to-Infrastructure (V2I)

E ) E Network (=Up/Downlink)

e Traffic Information

V2N I'l'l'l'l V2N 6 * Emergency Services
) o * Fleet Management

P2N

Signal ahead Two way traffic i (Uu) i

TRANSPORTATION
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What is the Guiding Principle of FDOT’s CAV Program?

CAV Business Plan Vision drives, towards Target Zero with a fatality-free roadway network and a congestion-free transportation system using
CAV technologies

2017 January 2019 2019-2025

FDOT initiated the Q FDOT adopted the CAV Multiple CAV focused
1 conceptualization of Business Plan projects deployed
I programs like FSTREET throughout the state

’|||1|u“ \@

|

The US 90 SPaT was

———————r
_——————

FDhQTS firs_tconngcted fth FDOT leadership dedicated e ORKFOR f“"‘ Y
vehicle project and one of the funding to the program DEVELOPMENT
first in the nation o RS —_—
2018 2019

@ FDOT’s CAV Business Plan

@ TSM&O Strategic Plan, Florida Transportation Plan
and State Highway Safety Plan

@ Follows National V2X Deployment Plan

TRANSPORTATION
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CAV 1.0 (2019 - 2025) Overview

Regional Signal Phase

: Local Agenc
Integrated and Timing Statewide gency
. Partnership
CAV (SPaT) Projects
Programs

Projects

o [|-75 FRAME o Tallahassee SPaT o V2X Data Exchange o Technology Application
o I-4 ERAME o Gainesville SPaT Trapezium Platform Partnership with Local
o US 41 FRAME o Pinellas County SPaT o Security Credential Agencies (TAPs-LA)

o Keys COAST Management System

o Smart Bay o RSU Health Monitoring

o SR 710 and SW10th Street System

SYMPOSIUM
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CAV 2.0 (2026-2030)

Update the CAV Strategic Plan
Assist Districts with DSRC to C-V2X

« Mainstreaming CAV Guidance Document

OBU emulator/FL 511 smartphone
app/CVs using Smartphones as a Sensor

* Projectsincluded in the 10-year
TSM&O Cost Feasible Plan Surrogate (CV SaaSs)

e AV infrastructure readiness

Mainstreaming

TRANSPORTATION 12
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How does FDOT Support CAV Training and Workforce Development?

FDOT Learning Curve: https://learningcurve.myabsorb.com/#/catalog/dc3a39b4-ea81-4ea9-
8f39-3abflbldfba2

LAV 1UI GBI

Additional trainings are

available on:
Connected and Automated * V2XDEP
Vehicles (CAV) Training e RSU HMS

Computer Based Training - 2h 27 * SCMS

Enroll +
TRANSPORTATION
SYMPOSIUM



https://learningcurve.myabsorb.com/#/catalog/dc3a39b4-ea81-4ea9-8f39-3abf1b1dfba2
https://learningcurve.myabsorb.com/#/catalog/dc3a39b4-ea81-4ea9-8f39-3abf1b1dfba2
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What is an RSU and OBU?

Roadside Units (RSU) Onboard Unj

TRANSPORTATION 15
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RSU Developmental Specification- DvSpec681

FCC Enrolled Capable of Capable of Compliant C-v2Xx Basis of
certified into remote data sharing with SAE RSUs Payment
statewide firmware with FDOT J2735 and
SCMS updates V2X Data J2945
certified Exchange standards
platform
and
SunGuide®

TRANSPORTATION
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OBU Requirements and Considerations

% Cellular Connection
Required

} Enrolled in Statewide
SCMS System
Installation Method

09/ Consideration

{c Plan for Operations

@ and Maintenance

— Early Engagement

EH with Stakeholder

= Applications with
Requirements

TRANSPORTATION 17
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What are the Considerations?

Operation and
Maintenance

 Applications needed
o Commonly used ones
are TSP, EVP
* Freeway or arterials
* Local agency coordination
for network access
* FDOT or local agency
maintenance agreement
* Fleet support
* Plan integration needs:
o FCC site registration
o SCMS certificate
support
o V2X DEP integration

* freeway systems: ) _ * On-going maintenance of
o Physical support * Sy st.ems It . the accurate MAP
infrastructure and * Project acceptance testing * Keep the FCC site

connectivity should be * Burn-in period registration up-to-date

already in place * Network configuration and
* Arterial systems: trouble-shooting
o Controller type * Software licensing
o Controller firmware * Monitor the status of the
version devices and data flow

o Cabinet space
o Connectivity to the TMC

* Network configuration for
certificate top off

* FCC site registration data
collection

TRANSPORTATION
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Freeway and Arterial Deployment — Typical Plan

oF
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r 1
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! pet | [ coom QDO® |
: i
Ve —— | SYSTEM INTERFACE UNIT {RSE)
woresses Do RN r{ ETHERRET SPD)- ———— —— —————— 1T MRS 1 !
[ v ——— I FIELD |1
|/|cmsm:_ 2“(0(_:2.,\;55{_ | l P |-------------I
o OO LN powER L— — 1 | 11
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Typical Architecture and Data Flow

\

“Traffic Control System

Network

twork Switch
(in cabinet)

Traffic Controller
{as applicable)

Cabinet Terminal
Facilities

—

5

POE Injector,
SPD, other RSE
as necessary.

Cell Modem

—

District Field
Devices
OPTION 1

District Field
Devices
QPTION 1

Municipal Field
Devices
OPTION 2

Municipal Field
Devices
OPTION 3

V2X DEP AND
ANONIMIZER

W2X DEP
FIREWALL

FION DEVICE
| FION DE\I’ICEI

Y

FORWARDER

CV FIELD
DEVICES

W2X DEP AND
ANONIMIZER

W2X DEP
FIREWALL

FION DEVICE

W2X DEP AND
AMONIMIZER

VZX DEP
FIREWALL

FIOM DEVICE

FION DEVICE FIOM DEVICE
DISTRICT DISTRICT
FIREWALL FIREWALL
FORWARDER FORWARDER
CVFIELD DISTRICT
DEVICES FIREWALL
MUNICIPAL
FIREWALL
WITH NAT
MUNICIPAL
NETWORK ADDRESS TRANSLATION (NAT) CVFIELD
15 NOT REQUIRED, BUT HAS BEEN DEVICES
IMPLEMENTED ON SOME CONNECTIONS

TO AVOID IP ADDRESSING CONFLICTS.

W2X DEF AND
ANONIMIZER

VZX DEP
FIREWALL

FION DEVICE

S

FION DEVICE

DISTRICT
FIREWALL

FORWARDER

DISTRICT
FIREWALL

:

MUNICIPAL
CV FIELD
DEVICES

TRANSPORTATION
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FCC Site Registration - Process

5.9 GHz DSRC (pre-July 5, 2022)

Lower 45 MHz Upper 30 MHz

2850 GHz 5.895 GHz ,
Co”eth ield ’nf ormation and “12-Month” Transition Period (current operations) \
Upper 30 MHz

provide to CO using a .. eee—— Lower 45 MHz

— e e

5.895 GHz 5925 GHz

ey . 5.850 GHz
CO Submitsin the FCC
After DSRC Sunset (exact timeline still TBD)

m
SYSE Lower 45 MHz Upper 30 MHz

Indoor and Outdoor Unlicensed Wi-Fi

5.925 GHz

FDOT provides build-out
: 5.895 GHz

dates within one year of
registration approval ortation Service (Public Safety) License - WQBS407 -

Link to the ULS: ULS License - Intelligent Trans
Florida, State of (fcc.gov.

TRANSPORTATION 21
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https://wireless2.fcc.gov/UlsApp/UlsSearch/license.jsp;JSESSIONID_ULSSEARCH=0_zXht0J2_V3K2JqMfNbr3KrFzK_xRaLHIXEqHD49ie6clACdh42!-127844462!-1600333806?licKey=2676154
https://wireless2.fcc.gov/UlsApp/UlsSearch/license.jsp;JSESSIONID_ULSSEARCH=0_zXht0J2_V3K2JqMfNbr3KrFzK_xRaLHIXEqHD49ie6clACdh42!-127844462!-1600333806?licKey=2676154

FCC Site Registration Update Criteria

Update site registration, if:

Height is increased

RSUis relocated more than
10-ft fromitsoriginal

location without height
increase

RSUequipment, e.g.,
antenna, has changed

Site Data
Proposed Site Name:
Antenna Latitude [JOF X0 X(X" N)
Antenna Longitude X5 XX 0UX" W)

Major Swreet or Corridor
Minor Street or Milepost

Support Structure Type

Transmitter Antenna Data

B Manufacturer of the Antenna
Model Number of the Antenna

M Antenna Gain in dBi
Beamwidth in degrees

Azimuth in degrees
Elevation Angle in Degrees:

Transmitter Data
Equipment Class

Choose the output power for the corresponding equipment class

from drop down. Default is Class D

A= 0 dBm Max Output Power (15-meter communication zone)
8= 10 dBm Max Output Power (100-meter communication zone)
20 dBm Max Output Power (400-meter communication zone)
28 8 dBm Max Output Power (1000-meter communication xone)

N Frequencies: Default is all

05351330rianMait!
28°37'19.9"N
81°21'50.7"

W

US 17/92 (Oriando Ave.)

[Maitiand Ave /Manor Rd. |
{

‘

8
8

Mast Arm (UPOLE)

& 3895 - 5905 MH2
&4 5505 - 5525 MHz

D E F

Imperial Elevation Reference Information
Elevation of Site AMSL (7600 [Feet |
Pole Height w/out App 2700 [Feet |
Pole Height with App 2700 m
[Feet |

Elevation of Device AGL

Center Line of Antenna AGL. EXSIIESEN

Planning  Design

TRANSPORTATION
SYMPOSIUM
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nrollment Process

NEW PROJECTS
STARTS HERE

Project Initiation

-
o —
o —
o —_—

District and CO
coordinates to
ensure SCMS
requirements and
scape included
in praject scope/
procurement
package

PROCUREMENT

ENROLLMENT

DEPLOY, TEST PROJECT
& ACCEPT COMPLETE
! l SCMS Technical
District TSM&O subrmits CMs L’ Conlrjcﬂ?r installs A )
project info to CO CAV and evices . \str!cts continue to k-
requests SCMS enrollment DCM facilitates download - monitor health and WO rKi ng G rou p
of Enrollment certs for CMS J status of the devices.
each device A .
2. Districts are responsible g
1. FDOT selects : for accurate cm?nt * Rep resentatlo n fro m
contractor/devices 1. Provisioner ensures to 1. District TSM&O verifi of devices within the
vendar for providin use the serial number i - Uist vermes LT - : :
RSUSfOBUS?DiStI‘i;Ig embedded on the Dcfl\‘; faé‘“a;es do"’}"tnlfad th'ehEE enrolled DI’OPEH)’ District boundary ea C h D I St rl Ct to ta C k | e
TSM&O communicates devices to use as OFFreduction certs for with accurate PSID
the praject SCMS the enrollment serial each device and SSP permission the d ay'to'd ay
support need and the number. by logging into the . .
device providers for the . Device Management teCh Nnica | |tem S.
project, 2. Provisicners ensures Dashboard.
to tag devices for 2. District TSM&O verifies | d
2. CO CAV will approve the Districts they are . : iNi
the addition/remaval intended for and enroll the El:isdha\f;b;en Deve Ope traini ng
of the device vendor devices in the carrect enrofiec with the H H
as provisioner for a District project. accurate SE"E'\l number m Od u | es in CI u d I ng
requesting District forlfuturg tracking and . ..
_ maintenance short video training on
3. CO confirms the \_ J . J - J o J
number of devices to : H
be enroled various functions of
4. CMS Manager/ the platform.

ISS contacts project
Device Configuration

Manager (DCM)/device Get in touch with the

vendor and establishes

Attestation and District TSM&O staff

enrollment protocol

and requirements .
5. Itis vendors DESIgn
responsibility ta meet

requirerments and
complete Attestation

and enrollment with
tecnical suppot TRANSPORTATION OB
aneger SYMPOSIUM




Vehicle-to-Everything Data Exchange Platform ( V2X DEP) Integration

V2XDEP
OEMs, » ==
Afterrrked] | SPaT, MAP, & BSM
e Data forwarded to i RSU requirement
P S , V2X DEP [ERS
. @y @) 4 by CV Field Equipment 4 RSUs should be
4 y 41 e o i : capable of forwarding
i ; received messages,
A ‘ (D w4 3 filtered by channel
. TR - W ) and/or PSID to
e ————— . Internet VPN multiple target
DEP bridges the gap Secure Tunnel destination IP/port
(UDP) combinations.
A
Local Agency District RTMC | ! |
5 || || -
CVField | 7 _._. 1. ] .. €  &N_._. _. _._ l
Devices | |1 I | I
| |

FION ISP Firewall

TRANSPORTATION
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RSU Health Monitoring System

Project Objectives:

Provide holistic management of health
monitoring and status of RSUs

a Distribute alerts and other important

information to district systems

Operational Status

e Healthy
e Unhealthy
e Communication Error

TRANSPORTATION 25
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Test Plan

Contractor to develop and submit to the Engineer for consideration and approval

1 5

Verify physical construction and wiring Verify the configuration of CV equipment network
interfaces

2

Verify proper voltages for all power () 6

supplies and related power circuits Confirm the RSU can communicate with the FDOT
SCMS

3

Verify that the power LEDs on roadside () 7
equipment illuminates Verify RSU broadcasts to and from vehicles equipped
4 with an OBU capable of message display

Log in to CV equipment and verify access (‘) 8

Ul Verify local functionality of CV applications

TRANSPORTATION
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‘ E#dmplg_ %t :
Practlcas\ |
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Best Practices -

Engage Use plain English Coordinate Perform a full Operations and
stakeholders early network changes network analysis maintenance
and firewall alongside the agreement/MOU
updates local agency between all parties

TRANSPORTATION 28
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Best Practices

RSUs mounted on vertical support also works (i.e., less MOT
required)

Support NTCIP 1218, complementary technology
and FDOT’s SCMS PSID Profile

Ensuring proper grounding for
lightning protection

If not on the FDOT's IPL, work with TERL for
device permitting/certification

Use the serial ID on the device for enrolling
into the SCMS and other places

TRANSPORTATION 29
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Best Practices

: . .||  startoBU |  HuUDcanbe OBUEndopwl
- | Extensive planning | : - - have to complete
- — | agreementswith | | undesirable for . "
- | &coordination | ke Lol e S attestation with
= - L ‘| the FDOT SCMS
oy -~ ' - ."..'.;._“ et . 3
: -
g o — D A
Specify message Sp:ic;fz :rl‘ocr;hcta;lfon i FDOT also looking
libraries and ITIS P P
Operations
codes

into enhancing the
Cellular FL 511 to use as an
} A OBU emulator

TRANSPORTATION 30
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Thank you!

: E VERYONE
. + o OOMETHING

T0 GET HOME TO
DoY) ZERD




Contact Us WO

Christine Shafik, PE, PMP®, CPM, FCCM, FCCN, CGB
State Connected Mobility & Technologies Engineer

State Traffic Engineering & Operations

Florida Department of Transportation

Email: christine.shafik@dot.state.fl.us

Phone: 850-410-5615

Jeremy Dilmore, PE

District 5 TSM&O Engineer

District 5, Traffic Engineering & Operations
Florida Department of Transportation

Email: jeremy.dilmore@dot.state.fl.us
Phone: 386-943-5360

TRANSPORTATION
SYMPOSIUM


mailto:christine.shafik@dot.state.fl.us
mailto:jeremy.dilmore@dot.state.fl.us

	Slide 1: Connected & Automated Vehicle  (CAV) Best Practices
	Slide 2: Objectives:
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: What is an RSU and OBU?
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

