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Weather and Roadways

* Safety
* ~22% of US crashes are weather related
* 6,000 fatalities and 445, injuries
* Mobility
* Capacity Reductions
* ~23% of non-recurrent delay on highways estimated to be due to
snow, ice, and fog
* Economic
* $2.3 billion spent annually on snow and ice removal

* Weather related delay costs trucking companies $2.2-$3.5 billion
annually

Source: FHWA Road Weather Management Program Website
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What is “normal” weather?

* Changing Climate
* Increased temperatures and rising sea levels

* Extreme Events
* Flooding, wildfire, blowing dust, unusual snow

* Transportation System Resiliency

* How will our current transportation system adapt to new climate
conditions?

Source: USDOT Transportation System Resilience, Extreme Weather, and Climate Change
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What is “normal” weather?

* Changing Climate
* Increased temperatures and rising
sea levels
* Extreme Events
* Flooding, wildfire, blowing dust,
unusual snow
* Transportation System Resiliency

* How will our current transportation
system adapt to new climate
conditions?




Weather Responsive Traffic
Management

* WRTM aims to manage the impacts of weather on
travelers

Safety, Mobility, and Performonce Evaluation

.

Traffic and Weather Data | WRTM Strategies — Behavioral/Humon
Collection and Integration Advisory Contral Treatment Factors Analysis

¥

Traffic Analysis, Modeling, and Prediction

Source: ITS JPO Road Weather http://www.its.dot.gov/road_weather/weather_traffic_mang.htm



Weather Responsive Traffic

Management

* WRTM Strategies

1. Motorist Advisories, Alert and Warning

» Passive or Active Warnings, Pretrip or En-route Alerts and Conditions
2. Speed Management

» Speed Advisories, Variable Speed Limits

3. Vehicle Restrictions
» Size/height/weight/profile restrictions, chain laws

4. Road Restrictions

* Lane-Use Restrictions, Parking Restrictions, Access Control and Facility Closures,
Reversible Lane/Contra Flow [Evacuations]

5. Traffic Signal Control
* Weather-responsive signal timing plans, ramp metering control

6. Incident Management
» Service Patrols, quick clearance policies

7. Asset Management
8. Agency Coordination and Integration

Source: Developments in Weather Responsive Traffic Management Strategies



Weather Responsive Traffic
Management

* Types of Weather
* Road weather
* Atmospheric weather

* Weather Information
* Forecasting
* Nowcasting
e Current Conditions



Weather Responsive Traffic
Management

* Technology needed for WRTM
* Road Weather Information System (RWIS)

* Depending on sensor configurations can provide air
temperature, pavement temp, visibility, wind speed,
surface condition, RH and dewpoint, camera for visual
verification of conditions

* Pros —real-time localized weather data

* Cons — expense (capital and maintenance), point data
only, locating correctly can be challenging

* Mobile Weather Data

* Vehicle mounted, weather sensors

* Pros —real-time localized weather for continuous
roadway stretches

 Cons - require vehicles to be traveling, expensive




Weather Responsive Traffic
Management
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Weather Responsive Traffic
Management

 \/SL Effectiveness
* Annual VSL Safety Benefits

* 27.7 annual crash reduction

* $2.8 million per year in crash reduction
benefits

 AnnualVSL Road Closure Benefits

* 10.14 fewer closures per winter season (Oct-
April)

* $54.7 million per year in closure reduction
benefits

Source: Safety and Road Closure Benefits of Rural Interstate VSL System, ITSWC 2014



CV Road Weather Condition System

* Can Connected Vehicle Data be used to support WRTM?

* Harness USDOT's Connected Vehicle Initiative to provide more and
better weather data

P S U p p | eme nt orre p | ace RWI S ? Real-Time Data Capture and Management Dynamie Mobility Applications

Anti-lock Braking System (485)
Brake Status
Stability Control

v Tractlon Control

B NCAR

Figure courtesy of U.5. DOT ITS/IPO




CV Road Weather Condition System

 FHWA's Vehicle Data Translator (VDT) and Pikalert ®
System
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CV Road Weather Condition System

Connected Vehicle Initiative Timeline

:

2014-2015 2015-2017 2017-2018 2018-2020 2020-2040

Research Evaluation of
and Pilot Applications

Plan Deployment Expansion

Applications




CV Road Weather Condition System

* Winter of 2014-2015 ran a small CV project along I-80

System Overview

Connected Vehicle Weather Data for
Operation of Rural Variable Speed Limit
Corridors

Britton Hammit and Rhonda Young
MPC-15-299
http://www.ugpti.org/resources/reports/deta

ils.php?id=835&program=mpc



http://www.ugpti.org/resources/reports/details.php?id=835&program=mpc

CV Road Weather Condition System

Vehicle Data Collection

Equipment Selection

OBD Link

@ Ford Reference OBE

fleetcarma Chip-Kit Handmade OBE

— Cross Chasm C4

Data Collected

Steering Wheel Angle Vehicle Speed
Engine Speed Fuel Consumed Since Restart
Transmission Gear Position Door Status
Ignition Status Windshield Wiper Status
Brake Pedal Status Odometer
Headlamp Status High Beam Status
Accelerator Pedal Position Fuel Level

Torque At Transmission Latitude & Longitude




CV Road Weather Condition Sy

Data Communication
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CV Road Weather Condition System

Data Processing and Analysis

NCAR's Pikalert
System
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Apps and Other Data
Environments




CV Road Weather Condition System
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CV Road Weather Condition System

TriplDNumber

Date

21612015
20612015
20612015
216/2015
211512015
21512015
2116/2015

22412015

22612015
22612015
3/3/2015
3132015
3412015
3/4/2015
I25/12015
¥25/2015

Origin
Laramie
Walcott
Laramie
Walcoft
Laramie
Walcott

Laramie

Laramie - 1-80 &
Grand

Laramie
Walcott
Laramie
Herrick Lane
Laramie
Walcott
Laramie
Walcott

Departure
Time
9:00
10:30
13:00
14:30
12:00
13:30
815

12:15

15:45
17:30
18:40
19:10
9:20
10:40
9:15
10:30

Destination

Walcott
Laramie
Walcatt
Laramie
Walcatt
Laramie
Walcott

Boulder

Walcott
Laramie
Herrick Lane
Laramie
Walcatt
Laramie
Walcatt

Laramie

Arrival
Time
10:30
1200
14:30
16:00
1330
15:00
9:45

14:35

1700
19.00
1910
1935
10:40
1205
10:30
11:45

Distance
Traveled

T8miles
78miles
78miles
78miles
78miles
78miles
78miles

145miles

78miles
78miles
16miles
16miles
T8miles
78miles
78miles
T8miles

Driver

B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit

R. Young

B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit
B.Hammit
B Hammit

Passenger

H. Smith
H. Smith
H. Smith
H. Smith
L. Johnson
L. Johnson
S. Ganley

B. Hammit

Vehicle

2014 Ford Fusion ||
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion

2014 Ford Fusion

2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion
2014 Ford Fusion




CV Road Weather Condition System

RWIS Data Summary for Test Trips

13 RWIS Stations




CV Road Weather Condition System

Average Air Temperature

RWIS Data Summary for Test Trips

Degrees (F)

13 RWIS Stations - HT

C€C1,2.3.4 CC5,6 cCy CC9,10 CC13,14 CC15,16

Walcott

& atse | Average Surface Temperature

Surface Temperature (F)

eaiita €C1,2,3,4 €C5,6 CcCcy CC9,10 CC13,14 CC15,16

RWIS Weather Data Average Precipitation Accumulation

Ar Temp Precipitation Rate
Relative Humidity Visibility
Dew Point Surface Temperature
Average Wind Speed Precipitation Type
Gust Wind Speed Precipitation Intensity
Precipitation Accumulation Surface Status

Precipitation Accumulation (in)

C1,2,3.4 CCS, > €€9,10 cC13,14 €C15,16
Trips




CV Road Weather Condition System

Vehicle Data Summary for Test Trips




CV Road Weather Condition System

Number of Wiper Activations
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CV Road Weather Condition System

NCAR's VDT/ Pikalert System

- Difficulty setting up Pikalert System

- Contact with NCAR

Crucial vehicle data missing from data sets

Traction and Stability Control Readings

Ll
22




CV Road Weather Condition System

Vehicle
Speed

- /J_,
\»-f@u_,fﬂx—‘\\
S

CC1 Vehicle Speed (km/hr)
@ 115360005 - 123 610001
123.610002 - 126.469904

126 469995 - 127 BIDII6
127.830007 - 128.770000

@ 126750000 - 129 599997

CC1

€C5 Vehicle Speed (km/hr)
‘ 99.400002 - 106.343998
106 349999 - 113.049995 — ™ _
113 049996 - 116 989998
- 116.989999 - 121 439998
© 121489899 - 132199997




CV Road Weather Condition System

Accelerator
Pedal Position

CC1 Accalerator Padal Position (%)
0 0D00DD - 9 200000

9200001 - 30 BOOODT
@ 30800002 - 57 900002
@ 37000003 - 44.700000
@ 42500000 - 54100002

CcC1

CC5 Accelerator Pedal Position (%)
0.000000 - 7.000000
7.000001 - 17 500000
17 500001 - 22 800001
22800002 - 30.700001
30.700002 - 48.200001

Date: 8/27/2016. 1 of 1




CV Road Weather Condition System

Driving Safety Vehicle Safety Research  Data Laws & Regulations
ey € f © @™ &

U.S. Department of Transportation Issues Advance Notice of
Proposed Rulemaking to Begin Implementation of Vehicle-to-Vehicle

Communications Technology

NHTSA 34-14
Monday, August 18, 2014




CV Pilot Deployment Program

Connected Vehicles

CV Pilot Deployment Program

* Three Wave 1 Sites
* Wyoming’s I-80o Corridor
* Rural, freight and weather focus

* New York City
* 10,000 city and other fleet vehicles
 Safety focus
* Tampa-Hillsborough Expressway Authority
* Lee Roy Selmon Expressway
* Congestion and safety focus

Source: http://www.its.dot.qgov/pilots/index.htm



http://www.its.dot.gov/pilots/index.htm

Wyoming CV Pilot Deployment
Program

Wyoming DOT Connected Vehicle
Pilot Deployment Program

/‘\ -
@ & ANCAR

*f"‘-
EHTT Trihtﬁlm

Mcrarcano Manacement,LLC

http://www.its.dot.gov/pilots/




Wyoming CV Pilot Deployment
Program

The WYDOT TMC will receive the data from
the vehicles on the corridor. The Vehicle Data Integration with existing WYDOT
Translator coupled with other sources n traveler information services ensures
generate alerts and advisories eat reach
511 Phone and We
WYDOT TMC System
Media advi
Integration with Waze
The second groups of fleets
that will instrumented will be
from Trihyrdo and Dooley Oil. Commercial
These trucks will report vehicle Vehicle Portal are reached on the
data back to their centers corridor. A s_ub-set of
which then provide the directly
data back to WYDOT. This the message to

Roadside and | i
9 allows for scalability as more = - SRS their vehicles

fleet operators come online el
P ’ Dissemination

Ovwer 150 fleet providers

Roadside alerts,
advisories are sent to
Communica m age signs, RSEs,
tion via and equipped vehicles
Fleet Management Centers directly via WyolLink

V2V alerts will

: - Roadside alerts to
provide do not pass N N
A combination of vehicles will i equipped vehicles
include spot weather,

be equipped or supplemented situational
dynamic routing,

with on-board eq ment. One awareness of ;
of the vehicle groups will be incidents, parking services,
WYDOT Snow plows — wi workzones and variable speed. |IIT!ItS
provide vehicle, weather, and speed limits and other advisories
manually entered road between equipped

condition data building off the fleets and snow

existing road condition tablet. plows

These vehicles will also

broadcast an enhanced safety

message via DSRC

Source: Wyoming CV Pilot Deployment Team




Wyoming CV Pilot Deployment
Program

* Proposed Applications
* Road Weather Advisories for Trucks
» Automatic Alerts for Emergency Responders
* CV-enabled Weather-Responsive Variable Speed Limits
* Spot Weather Impact Warning
* WorkZone Warnings
* Situational Awareness
* Freight-Specific Dynamic Travel Planning

Source: Concept of Operations http://ntl.bts.gov/lib/56000/56900/56997/FHWA-JPO-16-287.pdf



http://ntl.bts.gov/lib/56000/56900/56997/FHWA-JPO-16-287.pdf

Wyoming CV Pilot Deployment

Program

* Basic Safety Message (BSM)
* SAE J2735
* BSM Part 1:

* Core data elements such as vehicle size, position, speed, heading acceleration,
brake system status

* Transmitted at 20 HZ

e BSM Part 2:

* Added to part 1 depending on events (e.g. ABS brakes activated)
* Contains variable set of data elements
* Transmitted less frequently

* Transmitted over DSRC (~1000 meters)

Source: http://www.its.dot.gov/itspac/october2012/PDF/data_availability.pdf



http://www.its.dot.gov/itspac/october2012/PDF/data_availability.pdf

Wyoming CV Pilot Deployment
Program

Vehicular Data
BSM Part 1 BSM Part 2

» Brake system status * Vehicle status
o Brake applied status Exterior lights
= Traction control status Wipers

o Anti-lock brake status Brake system status

- Stability control status Roadway friction
Rain sensor

Ambient air temperature
Ambient pressure
Yaw rate

Source: http://www.its.dot.gov/itspac/october2012/PDF/data_availability.pdf



http://www.its.dot.gov/itspac/october2012/PDF/data_availability.pdf

Wyoming CV Pilot Deployment

Program

* Wyoming Pilot will likely have:
* CVinstrumented vehicles, mainly WYDOT fleet and freight
partners

* Subset of vehicles will be instrumented with external weather
Sensors

* Pikalert system embedded in WYDOT TMC
* Wide area weather alert dissemination



Wyoming CV Pilot Deployment
Program

* Phase 1 Timeline
TlmellnE
==

Connected Vehicle Pilot Deployment (up to 30 months)

PHASE 1 "HASE 2 PHASE 3
[up to 12 months) (up to 20 {minimum 18 months

Cnncnpt De'u' f Design/Deploy/ Test

rr GFEs

I

In Progress Follow-0n Cooperative Agreement

Source: http://www.its.dot.qgov/pilots/index.htm



http://www.its.dot.gov/pilots/index.htm

The future?

 Considerable interest in the area of road weather
management will lead to a better understanding of driver
behavior and vehicle performance in non-ideal conditions

* New knowledge will enable operation of roadways that
are more adaptive to current conditions, increasing
system resiliency

V’



Could CV Technology Prevent This?

April 16, 2015
79 Vehicle Pileup

April 20, 2015
59 Vehicle PileUp


https://youtu.be/IxlvxvG8zOE
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