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Presentation Overview

 Description of I-80 through Wyoming
 Pilot overview
 Technology discussion and focus on Open Source

2

Presenter
Presentation Notes
The I-80 corridor runs 402-miles along the state’s southern border, from Utah to Nebraska.
About 16,000 vehicles travel on the route each day which isn’t a huge traffic volume compared to many other states but it’s very unusual in that about 50% of the traffic on this route is made up of commercial vehicles. In areas where the interstate passes through a city or town, the truck percentage can be about 30% of the traffic stream but in rural areas on our most heavily traveled route, this percentage is more like 50% of the traffic stream and during winter months that number can be as high as 70 percent.

On storm days, I think we are very effective changing driver behavior and getting them to avoid travel unless it is essential but commercial vehicles, with just in time delivery and the pressures to move products, do not have the luxury of a day off. 



I-80 Corridor

 Runs 402 miles along 
Wyoming’s southern border
More than 32 million tons 
of freight per year
 Truck volume is 30-55% of 
the total traffic stream on 
an annual basis
• Seasonal peaks as high as 70%
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Presenter
Presentation Notes
This map shows the importance of I-80 to the nation’s transportation network.  The thickness of each line represents the amount of commercial truck traffic along the nation’s highways.  

<Advance slide now for bounding box to appear> 

If I can focus your attention on northwest quadrant of the United States, you’ll see that I-80 is the most traveled truck route in the quadrant and you’ll also note that the alternate routes of I-70 and I-90 are less desirable because they could take vehicles hundreds of miles out of their way.




I-80 Corridor
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Presenter
Presentation Notes
Many people may not realize that I-80 reaches its highest elevation anywhere in the country at 8640 feet near Laramie in Wyoming but even more interesting is that the road’s profile is above 6000 feet for almost the entire 402 mile stretch. This elevation, coupled with some weather effects that I’ll show you in just a moment, make I-80 act like a 402 mile mountain pass in Wyoming.




I-80 Corridor
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Presenter
Presentation Notes
(While video is playing): This video was taken during a crash in April 2015. What you can’t really tell is that the vehicles moving on a downward grade. A squall had moved in, so we lowered speed limits to 45 mph. Still, with slick roads and limited visibility, drivers keep heading straight into the crash. This continues on for several minutes. In total xx vehicles were involved. We were fortunate that there were no fatalities. 






I-80 Corridor
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Presenter
Presentation Notes
Many areas around the country have long winters where snow creates difficult driving conditions but in Wyoming, we have the unfortunate distinction of having the country’s worst blowing snow conditions. The map you see shows the number of hours of blowing snow in a year and as you can see, there are as many 1000 hours of blowing snow conditions in areas along Interstate 80 in Wyoming.



I-80 Corridor
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Presenter
Presentation Notes
<While the video is playing>: As a result of very strong winds that often exceed 60 miles per hour, we also see a specific type of crash much more than any other state. Many of you may have seen this video because it was picked up by the national news outlets. What you may not realize is that according insurance statistics, Wyoming has 3 of the highest incident locations for blowovers in the US. 

<At the conclusion of the video>: No one was in this vehicle at the time of the blow over because the officer was assisting with another blowover crash.  However, this was second of two very similar crashes where a patrol car was crushed. In the first crash that happened a week or two before the crash captured in the video, a trooper was in the vehicle but was mostly protected by the roll cage. He did have minor injuries but was treated and released. In another incident last winter, wind pushed a truck into a travelling to patrol car.  So in total, three Patrol vehicles were totaled last year due to wind.

According to research the University of Wyoming recently conducted, there were more than 207 blowover or wind related crashes on I-80 in Wyoming between the months of December 2016 and May 2017; and between October and November of 2017.







I-80 Corridor
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One of the most heavily instrumented rural corridors in the United States
136 Variable Speed Limit Signs

supported by 94 traffic sensors
54 Electronic Message Signs
44 Weather Stations
52 Webcams

Presenter
Presentation Notes
The issues along I-80 in Wyoming are not new issues. Starting the year I-80 opened for traffic, WYDOT recognized severe weather issues and has worked to improve safety, using technological solutions when appropriate and by installing miles and miles of snowfence to mitigate the blowing snow conditions. The corridor is one of the most heavily instrumented rural corridors in the United States. Note that we have four regulatory variable speed limit sections on the route with a total of 136 variable speed limit signs supported by 94 speed sensors. We have 54 electronic message signs, 44 weather stations and 52 webcameras along the route.

The Connected Vehicle pilot is just the progression of WYDOT looking for innovative ways to improve safety and mobility.



A problem worth solving

Image source: WYDOT
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Image: USDOT
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Wyoming Connected Vehicle Pilot

151/25/2019

The Wyoming CV Pilot

DSRC BASED
FREIGHT 
FOCUSED

INTEGRATED 
WITH TMC

INTEGRATED 
WITH WYDOT 

FLEETS

FORWARD 
LOOKING

Presenter
Presentation Notes
The Wyoming Connected Vehicle Pilot is really a system of systems that is based on dedicated short range communication or DSRC radios. Our project focuses on freight because of our truck traffic percentages and because we believe if we can make the route safer for large trucks, we can improve the safety for everyone on the corridor. The system will be tightly integrated with our Transportation Management Center and we will use WYDOT plows and patrol cars to demonstrate an integrated fleet.

Everything we build is based on national standards so we are working towards a future where the technology will work seamlessly across state lines.



CV PILOT APPLICATIONS
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DSRC Connectivity

17

Connectivity
Operates using Dedicated Short-Range Communication (DSRC) 

over the 5.9 GHz public safety spectrum
Allows for rapid device connectivity
Information broadcast 10/second 

Image: Bin Cheng, Hongsheng Lu, Ali 
Rostami, Marco Gruteser, John B. 
Kenney
Published 2017 in 2017 IEEE Vehicular 
Networking Conference (VNC)

DSRC BASED

Presenter
Presentation Notes
For those who don’t know about DSRC, the FCC set aside a small band of spectrum at 5.9 gigahertz for public safety applications. This band acts much like 5.8 GHz wi-fi but it allows for very fast linking.  Vehicles equipped with this technology will broadcast their position, heading and speed 10 times per second as part of a basic safety message. 




Connected Vehicle Overview
Vehicle to Vehicle (V2V)

• Vehicles send basic messages and distress notifications that are 
received by nearby vehicles. 

• This information is processed to give meaningful alerts to drivers for 
benefits like speed harmonization and crash avoidance.

181/25/2019

DSRC BASED

Presenter
Presentation Notes
As I mentioned, connected vehicles will  be able to send and receive information from other equipped vehicles and from roadside DSRC radios. 

The vehicles will also have on-board computational power that allows the vehicles to use speed, heading and position information to calculate the potential for a crash and alert drivers.  

Our pilot will focus on two vehicle-to-vehicle application and these applications are Forward collision warning and Distress notification.




Connected Vehicle Overview
Vehicle to Infrastructure (V2I)

• Vehicles send out basic messages 
or data to roadside infrastructure.

• This can include basic vehicle 
metrics, like whether windshield 
wipers are on. For this purposes of 
our pilot, it also includes data 
about interactions with other CVs.

• Data comes from vehicle sensors, 
including weather data.

• Vehicles receive Traveler 
Information Messages from 
roadside infrastructure, 
supplemented by satellite.
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DSRC BASED

Presenter
Presentation Notes
Vehicle to infrastructure communication acts much like vehicle to vehicle communication but the vehicle can share information such as windshield wiper activity, vehicle yaw, airbag deployment, antilock brake engagement and much more that could be useful information for all drivers. The vehicles equipped as part of our pilot will include both DSRC and Sirius/XM chips so traveler information messages, or TIMs, can be sent to the vehicle by roadside units or by satellite connectivity. The user won’t know if the TIM they received was from satellite or DSRC.


It’s important to note that our pilot will not take control of a vehicle in any manner but you can easily see how connected vehicle technology will augment the autonomous technologies that vehicle manufacturers are working on. 

The vehicle to infrastructure applications our pilot will demonstrate are Situational Awareness, Work Zone Warnings and Spot Weather Impact Warnings.�




Connected Vehicle Overview
Wyoming’s 
telecommunication 
infrastructure - there’s not 
fiber everywhere

Worked with ETS to update 
routers and configured for 
native IPv4 and IPv6

 Still working to dual route 
communications from the 
TMC 
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DSRC BASED

Presenter
Presentation Notes
I’d also point out that if we can make this technology work in Wyoming, it can work anywhere. I say this knowing that we do not have the luxury of fiber to every device. Instead, our Telecommunications Program has been very resourceful and has created a radio-based network that allows us to communicate with field devices. We have one critical link that does not have redundancy but we are working to shore this up and we are also working closely with Wyoming’s Enterprise Technology Services agency to configure and support IPv4 and IPv6 throughout the CV network. IPv4 will be used largely for the administration and monitoring of CV devices and IPv6 will be used to send and receive the CV data. 



Freight-focused

2110/19/2016

• ~150-200 are 
large trucks

• ~ 100 are 
small/medium 
trucks

CV Trucks

• Trucking 
Companies of 
various sizes
• Dooley Oil
• Double D 

Distribution
• Sinclair Oil
• Others… 

Fleet 
Partners

• CVOP Users 
(800 firms)

• Wyoming 
Trucking 
Association

• Third Party 
Intermediaries

Freight 
Partners

FREIGHT 
FOCUSED

Presenter
Presentation Notes
As I mentioned before, our project focuses on improving safety and mobility with an eye toward the freight community.

We are working to recruit partners to outfit 300 vehicles. As part of the pilot, we will buy the equipment for the trucks, but companies will be tasked with installation based on training we will provide. We are looking for companies of various sizes to help demonstrate how the technology can be used by a range of users.

The safety benefits of this project will reach beyond those with equipped vehicles. We are improving the information we share with truck drivers and dispatchers through our Commercial Vehicle Operator Portal, sharing information through the Wyoming Trucking Association, and creating a datafeed that follows the Traffic Management Data Dictionary standards to allow third-parties to ingest and share our information. We don’t care how people get their information as long as what they are told is timely and accurate.



Integrated with the TMC

2210/19/2016

Supports I-80 Traveler Information

Supports VSL and other traffic 
management strategies

Integrated with TMC Management 
Systems

INTEGRATED 
WITH TMC

Presenter
Presentation Notes
In many ways, the CV system is just an extension of the functions we already do. We wanted to develop it in a way that integrated with existing work flow in our Transportation Management Center. Our operators will be able to update Traveler Information Messages, or TIMs, using the same system they already use to update our website, 511 phone system, highway advisory radios, app and text and email alerting application.

In addition, the information they will get from connected vehicles will be incorporated into existing applications so the information will be presented in a familiar way. There’s the potential to flood the TMC with data, so we are using the Pikalert system developed by the National Center for Atmospheric Research to process the information we receive. The TMC will receive alerts with actionable information, so they can update variable speed limits, change messages on electronic signs and call maintenance employees when needed.

We made a point to make sure we didn’t lose sight of the need to address those systems. New technology loses its value when it can’t be used.



Integrated with WYDOT Fleets
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~100 DSRC-
enabled snow 

plows and 
highway patrol 

vehicles

Environmental 
Probe Data 
Collection

Leverage existing 
technology

INTEGRATED 
WITH WYDOT 

FLEETS

Presenter
Presentation Notes
In Wyoming, the Highway Patrol is part of the Department of Transportation and this presents some obvious advantages. We are installing OBUs on about 100 snow plows and highway patrol vehicles, focusing on those vehicles largely dedicated to the corridor.

In addition, we are installing environmental sensors on about 50 plows. These sensors will allow us to collect additional valuable data like windshield wiper status and road temperature to be parsed and processed by the Pikalert system.

Where possible, we’re using existing roadside and in-vehicle technology to help reduce the cost and ensure integration with existing systems.

We started this pilot with the intention to continue operations. We plan to continue the use of equipment, so things are done with an eye toward sustainability.



Forward Facing
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FORWARD 
LOOKING

 Interoperability is a major 
component of this project

 The project is built to 
standards, and we’ve 
documented everything 
we’ve done along the way

 Successful testing with the 
other two pilot sites shows 
that systems can work 
across jurisdictional 
boundaries and with various 
vendors’ equipment

Image: USDOT

Presenter
Presentation Notes
In Wyoming, the Highway Patrol is part of the Department of Transportation and this presents some obvious advantages. We are installing OBUs on about 100 snow plows and highway patrol vehicles, focusing on those vehicles largely dedicated to the corridor.

In addition, we are installing environmental sensors on about 50 plows. These sensors will allow us to collect additional valuable data like windshield wiper status and road temperature to be parsed and processed by the Pikalert system.

Where possible, we’re using existing roadside and in-vehicle technology to help reduce the cost and ensure integration with existing systems.

We started this pilot with the intention to continue operations. We plan to continue the use of equipment, so things are done with an eye toward sustainability.



How does it all work?
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Back end Systems



Backend Systems
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Presenter
Presentation Notes
This slide contains too much information to really dive into during this presentation, but I wanted to show it to demonstrate how this is a system of systems.

We made sure to integrate the connected vehicle applications into the existing ecosystem. Pilot success is dependent on not just equipment working roadside but successful operations that allow the system to function.



Connected Vehicle Pilot: Security
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Presenter
Presentation Notes
Some of the security related components of the Connected Vehicle Pilot for WYDOT are:
Updated IPv4 and IPv6 firewalls to protect the TMC and CV fleets
These are implements on the vehicles, road side units and TMC
Hardware Security Module in the on board units in vehicles, road side units and TMC
These are used for signing messages (Wave Service Announcements, Traveler Information Messages, Basic Safety Messages, and Distress Notifications)
They are also used to protect the private cryptography information (FIPS 140-2 Level 2 devices for vehicles and road side, Level 3 for the TMC)
Security Credential Management System is used to bootstrap CV devices and provide certificates
Databases with potential personally identifiable information are encrypted and have limited access rules
VPNs are leveraged to protect data in motion (SSL/TLS and IPSEC)




Open Source Software
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Open Source: 
TMDD Data Feed
 WYDOT wants all 

consumers of our 
information to 
benefit from 
improved data

Third 
Party 

Systems

TMDD 
Web 

Service

WYDOT 
Systems

Presenter
Presentation Notes






Using the Pikalert
system developed by 
the National Center 
for Atmospheric 
Research to process 
CV data

Provides actionable 
alerts to TMC 
operators

Provides forecast 
weather and  “now-
cast” surface 
conditions
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Open Source: 
Pikalert
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Open Source: TIM 
Builder
RSUs will be updated 

with the same 
application used for 
updating WYDOT’s 
website, phone 
system, text/email 
alerts and Highway 
Advisory Radios

This integration 
means no additional 
work for operators

TMC Apps
• Construction
• Road 

Conditions
• Incidents

TIM Builder
• API
• Builds & 

Distributes 
TIM

RSU
• Validates 

incoming TIM
• Broadcasts 

TIM to OBUs
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Open Source:
CV Monitor
 The CV monitor is 

used to monitor RSUs 
in real-time

 Provides the status 
of communication, 
vehicle counts, 
posted TIMs and 
other information

A specialized version 
with an enhancement 
allows authorized 
people to apply 
firmware updates to 
RSUs 



Open Source: ODE https://github.com/usdot-jpo-ode/jpo-ode

Through the 
Operational Data 
Environment, 
information is sent 
from the CV to the 
TMC and then to a 
central repository
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https://github.com/usdot-jpo-ode/jpo-ode


More open 
source

https://webapp.cvmvp.com/whtools/

 Situational Data 
Warehouse

 Sirius XM is able to pick 
up messages from the 
SDW and broadcast them 
using its satellite network
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https://webapp.cvmvp.com/whtools/


Application code 
sharing: OSADP

Open Source Application 
Development Portable
• Public repository for code base and 

application notes
• Applications like the ODE and SDW are 

discoverable through the OSADP, but 
available for pull requests, development 
in the open integration, documentation, 
and installation through GitHub

All applications 
developed as part of 
this pilot are 
considered open 
source and made 
publicly available

The repository 
includes code and 
release notes

35



Data sharing: 
USDOT Public 
Data Hub
Data from the pilot is 

shared via the USDOT 

36

Image: USDOT



Connected Vehicle Pilot
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visit the Wyoming Connected Vehicle Pilot website

wydotcvp.wyoroad.infohttps://wydotcvp.wyoroad.info

dot-cvpilot@wyo.gov
email
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