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e Safety

e ~22% of US crashes are weather related
e 6,000 fatalities and 445,000 injuries

e Mobility
e Capacity Reductions

* Rain decreases travel speed 3-16%
* Snow decreases travel speed 5-40%

e ~23% of non-recurrent delay on highways caused by snow, ice, and fog

* Economy
 $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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WRTM Strategies

Advisory Control Treatmen

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

WRTM Strategies: Motorists

Motorist Advisories,
Pre-Trip Alert and Warning

En-Route

@ Department Wyoming Travel Information Map
/ Having trouble? Try our jow-bandwidih mag or i
roads are consdered open unless otherwise stated,

! 3
Click on a road below to read surface and atmespheric conditions.

—==MNew 70 MPH Speed Limit  ~ | Zoem To: |Wyoming
sLones :
Refresh Info | | Go Statewids | Map  Satellite
Surface Conditions

Diry

Wiiet

Slick in spols se———
Slick

Dinfted snow

Cloged

More than 1 condition ==

Awmospheric Conditlons
Fon

Rain

Snowiall

Blowing snow

Strong winds

Reduced Visibility

Mare than 1 condition

3368.6 highway miles
converted to 70 MPH so far

Click on the map for more
information about each new
anaad limit 7ons

Source: Developments in Weather Responsive Traffic Management Strategies, http://map.wyoroad.info/hi.html|
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WRTM Strategies: Motorists

: Speed
Pre-Trip Management
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Source: Developments in Weather Responsive Traffic Management Strategies, http://map.wyoroad.info/hi.html|
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Weather Responsive Traffic Management

WRTM Strategies: Motorists

Vehicle
Restrictions
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Weather Responsive Traffic Management

WRTM Strategies: Motorists

Road
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WRTM Strategies: Agencies
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Traffic Signal
Control

Incident
Management

Agency
Coordination
and Integration

Asset Management

Source: Developments in Weather Responsive Traffic Management Strategies
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Wyoming WRTM Strategies
* 143 miles of weather-responsive VSLs along 400-mile I-80 corridor

Wyoming DOT

T3 Webinar: Connected Vehicles and Rural Road Weather

28, 201
July 28, 2016 Management; R. Young, B. Hammit
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Weather Responsive Traffic Management

Wyoming WRTM Strategies
* 143 miles of weather-responsive VSLs along 400-mile I-80 corridor
* High wind alerts and light-weight vehicle closures

STRONG WIND
BUSTS 355+ MPH

T3 Webinar: Connected Vehicles and Rural Road Weather
L2, 20ke Management; R. Young, B. Hammit =



Weather Responsive Traffic Management

Wyoming WRTM Strategies
* 143 miles of weather-responsive VSLs along 400-mile I-80 corridor
* High wind alerts and light-weight vehicle closures
* Interactive User Map

Wyoming Travel Information Map

Havwving trouble? Try our low-bandwidth map or www. wyoroad info.
All roads are considered open unless otherwise stated.
Click on a road below to read surface and atmospheric conditions.

* | Auto Refresh in 7:50 Pause | 5 auto refreshes remaining

Shoshone
National Forest

T3 Webinar: Connected Vehicles and Rural Road Weather
Management; R. Young, B. Hommit
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Weather Responsive Traffic Management

Wyoming WRTM Strategies
* 143 miles of weather-responsive VSLs along 400-mile I-80 corridor
* High wind alerts and light-weight vehicle closures
* Interactive User Map
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Wyoming WRTM Strategies

e \/SL Effectiveness

e Annual VSL Safety Benefits

e 27.7 annual crash reduction
* $2.8 million per year in crash reduction benefits

e Annual VSL Road Closure Benefits

e 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
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Data Collection Technology needed for WRTM

e Road Weather Information System (RWIS)

* Depending on sensor configurations can provide:

air temperature, pavement temp, visibility, wind
speed, surface condition, RH and dew point, camera
for visual verification of conditions

e Pros — real-time localized weather data

e Cons — expense (capital and maintenance), point data
only
* $25,000-50,000 Capital Costs, highly dependent on

sensor package and availability of power and
communication (Wyoming)

July 28, 2016 T3 Webinar: Connected Vehicles and Rural Road Weather

Management; R. Young, B. Hommit



Weather Responsive Traffic Management o

UNIVERSITY
OF WYOMING

Data Collection Technology needed for WRTM

* Mobile Weather Data

* Internal vehicle data and externally mounted
sensors

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

e Cons - require vehicles to be traveling, expensive
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Goals:
e Crash Prevention
* Improved Safety and Mobility
e Continuous and Reliable Traveler Information

Types of Communication:
* Vehicle to Vehicle
e Vehicle to Infrastructure
e Vehicle to X

“sfepatment of Transportation
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USDOT Connected Vehicles Initiative
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Timeline: AASHTO’s National Footprint Analysis

—

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

e Plan

Research and Pilot Projects

Evaluation of Applications

Deployment

Expansion

Source: AASHTO. (2014, May 22). National Connected Vehicle Field Infrastructure Footprint Analysis. T3 Webinar Series.
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Timeline: AASHTO’s National Footprint Analysis

e

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

2040:

» 80% of Signalized Intersections equipped with V2| Technology

e 25,000 Other Roadside Applications in Use (CCTV, Toll Readers, etc...)
* 90% of all Road Miles equipped with Real-Time Localized Information

Source: AASHTO. (2014, May 22). National Connected Vehicle Field Infrastructure Footprint Analysis. T3 Webinar Series.
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Can Connected Vehicle Data be used to support WRTM?
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e Winter of 2014-2015: conducted a small CV project along I-80 at the
University of Wyoming
* Connected Vehicle Weather Data for Operation of Rural Variable Speed Limit Corridors

e Britton Hammit and Rhonda Young; MPC-15-299
e http://www.ugpti.org/resources/reports/details.php?id=835&program=mpc
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http://www.ugpti.org/resources/reports/details.php?id=835&program=mpc
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System Overview
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Bluetooth
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https://www.google.com/imgres?imgurl=http://www.scantool-direct.co.uk/user/products/large/obdlink-mx-scan-tool-obdii-eobd-bluetooth-diagnostic-interface-57-p%5B1%5D.jpg&imgrefurl=http://www.scantool-direct.co.uk/obdlink-mx-scan-tool-obdii-eobd-bluetooth-diagnostic-interface-57-p.html&docid=KWdCDJ8ELg3bYM&tbnid=1dYccbVklpzrXM:&w=850&h=236&bih=760&biw=830&ved=0ahUKEwiT2rbY3YXOAhXl6YMKHfZDCNsQMwgiKAQwBA&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=http://www.scantool-direct.co.uk/user/products/large/obdlink-mx-scan-tool-obdii-eobd-bluetooth-diagnostic-interface-57-p%5B1%5D.jpg&imgrefurl=http://www.scantool-direct.co.uk/obdlink-mx-scan-tool-obdii-eobd-bluetooth-diagnostic-interface-57-p.html&docid=KWdCDJ8ELg3bYM&tbnid=1dYccbVklpzrXM:&w=850&h=236&bih=760&biw=830&ved=0ahUKEwiT2rbY3YXOAhXl6YMKHfZDCNsQMwgiKAQwBA&iact=mrc&uact=8
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Vehicle Data Collection  Commercially Available

e OBD Link Mx (WiFi)

e Open XC Platform (Open Source)
* Ford Reference OBE
e Chip-Kit Handmade OBE
e Cross Chasm C4

Vehicle Parameter
fleetcarma Steering Wheel Angle Vehicle Speed
e 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

July 28, 2016 T3 Webinar: Connected Vehicles and Rural Road Weather
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CV Road Weather Condition System
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Data Communication

Accelerator Fedal

Brake Pedal

Engine Speed 4.0 APM
Fuel Consumed

Fuel Level 92 2B2906 %
Headlamp off

High Baams

Igmtian Status

Latitude 41.30714&4 "

Langitude 105.583369 "7

ll /’ 35# Odometer AFBBG 507812 km
% AM PP

Tue, July 16
Parking Brake

Steering Wheel 12700073 "
lransmission Targue 5.0 KMm

Transmissian Gear HMEUTRAL

Vehicle Speed DOKMS N

windshield Wiper
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e ArcGIS

July 28, 2016
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Data Processing, Analysis, and Visualization

* ArcGIS
Enhanced
i S vpen | I | Decision Support
. <>
Source Pikalert® | : ' = _ System
Vehicle Data | I I —— "
Translator - A 4 : " |
I I
5
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I I i -
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: I _}’m : and Warning
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Data Processing, Analysis, and Visualization

[ Ancillary: Radar, satellite, RWiS, Etc. |

e ArcGIS

oooooooooooooo

% Stage 111,
" : 1
) Il Mobile | Ancillary | segment stsrencal i
b FHWA S Open 1 data ] data module ! | *| Module !
. ® 1-] ingesters | - | ingesters b | 3
Source Pikalert g S 1t 4
System ! . | : ¥
11 QC E a4k QC o
1! Module |:@ | 1| Module |
13 E 1 9 1
'3 E ] E | ¢ o
F S 5 ak v {
: | Output | : e Output |: | :| Output Z :
I data Mcgl e ™ data data o
: handler | : handler handler | - :
Dl o e e o s i e o e e s e e e’ W T
Parsed / Basic road segment / / Advanced road
mobile data data segment data

y
Apps and Other Data
Environments
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Project Overview
e Data transmitted at 60 HZ

e Each 80 mile trip at 75 mph resulted in over 200,000 observations for
each of the 16 variables

& @ - J G
Walcott, WY )
Rock River
235] E _
Elk Mo in .
o McFadden Lookout ‘l

Bosler

= 1 h 16 min
79.8 miles

Sa ratc_:: ga

Ryan Park -
Centennial La ramie, WY
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Project Overview

e 16 trips, over 52 million data points

L‘I’riplDNumber Date
CC1 2062015
w CC2 2i6/2015
A CC3 21612015
CC4 2/6/2015
CC5 211512015
CCt 215/2015
CC7 2/16/2015
ccs 22412015
CCo 22612015
CcC10 212612015
ccn 3/3/2015
CC12 3/3/2015
CC13 3412015
CC14 3/4/2015
CC15 ¥25/2015
CC16 2512015

Origin
Laramie
Walcott
Laramie
Walcott
Laramie
Walcott
Laramie

Laramie - I-80 &
Grand

Laramie
Walcott
Laramie
Herrick Lane
Laramie
Walcott
Laramie
Walcott

Departure

THif Destination
9:00 Walcatt
10:30 Laramie
13.00 Walcait
14:30 Laramie
12:00 Walcatt
13:30 Laramie
8:15 Walcott
1215 Boulder
15:45 Walcatt
17:30 Laramie
18:40 Herrick Lane
18:10 Laramie
9:20 Walcott
10:40 Laramie
9:15 Walcatt
10:30 Laramie

Arrival
Time
10:30
1200
14:30
16:00
1330
15:00
9:45
14:35

17:00
19.00
1910
1935
10:40
1205
10:30
11:45

Distance
Traveled

T8miles
T8miles
T8miles
78miles
78miles
T8miles
T8miles

145miles

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

H. Smith
H. Smith

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

July 28, 2016
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CV Road Weather Condition System

RWIS Data Summary

%
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RWIS Data Summary

Average Air Temperature

&
w
a
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cc1s,16

Precipitation Accumulation {in)

Average Precipitation Accumulation

Surface Temperature (F)
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Average Surface Temperature
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Vehicle Data Summary: Vehicle and Engine Speed

Average Vehicle and Engine Speed for Test Trips

- 3000
80
B /E 2500 _
T 70 10—B =
% &b 2000 £
S 50 =
L 1500 &
4 40 Sunny Adverse Weather -
S 30 Weather Conditions 1000 =
T Conditions =
= 20 ! ; ' -
10 : - Iﬂl [ :
4 || I

CC1 CC2 CC3 CC4pCCh CCe (CC7 CC10CC13cCC14cCC15cCcas
TRIPS

I Vehicle Speed  —@— Engine Speed
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Vehicle Data Summary: Average Accelerator Pedal Position

Average Accelerator Pedal Position

25
21.43 21.55
_ 19.87
¥ 20
= 17.77 17.78
o
E
8 15 Sunny 14.09
- Weather
§ Conditions
Em 9.22
S
5 5.06
g 5 Adverse Weather
Loe 172 Conditions
0.69 :
0.21
- m || _| ‘B RR
ccl €2 cc3 ccal ccs Cee CC10 CC13 CCl4 CC15 CCl6

TRIPS
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Vehicle Data Summary

Sunny
Weather
Conditions

July 28, 2016
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CV Road Weather Condition System Q&
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Vehicle Data Summary: Windshield Wiper Activations

Number of Wiper Activations

60 .

50 i

20 r i

Number of Wiper Activations
w
o

10 [ 1
0 1 1 i 1
220 240 260 280 300 320 340

Mile Post: Walcott --> Laramie
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CV Road Weather Condition System 8

Vehicle Data Summary: Acceleration Rate

Acceleration Rate over Route

-l
T
1

Vehicle Acceleration (kmlsz)
a o

|
N
T
|

-4 | -

230 240 250 260 270 280 290 300 310 320
Mile Post: Walcott --= Laramie
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Adverse Weather

Conditions

L~

CC5 Viehicle Speed (kmihr)

CC1 Vehicle Speed (km/hr)
@ 115360905 - 123 610001
@) 1235610002 - 126.460994
126 469995 - 127.839996
127 839997 - 128 779999
@ 123780000 - 120 699997

0 5 10 20
T T Y Y O
Miles

Sunny Weather

@ 99.400002 - 106 349598

@ 106349999 - 113.043895 T 3 g P
113 045996 - 116 489998 A \ L
116989999 - 121489998 =i

@ 121489999 - 132193997 " ' /"3{.:
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Adverse Weather
Conditions

CC5 Accelerator Pedal Position (%)
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e Difficulty setting up standalone Pikalert System
e Contact with NCAR

 Crucial vehicle data missing from data sets
* Traction and Stability Control & ABS Activation
* Ambient Air Temperature
e Road Surface Temperature

<

July 28, 2016 T3 Webinar: Connected Vehicles and Rural R(?ad Weather
Management; R. Young, B. Hommit



Lessons Learned %
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e Lack of Standardization

* Proprietary Vehicle Data Collection
* ABS Brake and Traction Stability Control Activation

July 28, 2016 T3 Webinar: Connected Vehicles and Rural R(?ad Weather
Management; R. Young, B. Hommit



Lessons Learned %
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e Lack of Standardization

* Proprietary Vehicle Data Collection
* ABS Brake and Traction Stability Control Activation

Supscrine - oearcn “

Driving Safety  Vehicle Safety  Research Data  Laws & Regulations [t LT
oy €& f o = &

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

NHTSA 34-14
| Monduy; August 98, 2014

July 28, 2016 T3 Webinar: Connected Vehicles and Rural Road Weather
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Wyoming CV Pilot Deployment Program

Wyoming DOT Connected Vehicle
| P|Iot Deployment Program

July 28, 2016 T3 Webinar: Connected Vehicles and Rural Rgad Weather
Management; R. Young, B. Hommit


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

[ 2

The second groups of fleets
that will instrumented will be
from Trihyrdo and Dooley Oil.
These trucks will report vehicle
data back to their centers
which will then provide the
data back to WYDOT. This
allows for scalability as more
fleet operators come online

Communica
tion via
Wyolink

re

A combination of vehicles will
be equipped or supplemented
with on-board equipment. One
of the vehicle groups will be
WYDOT Snow plows — will
provide vehicle, weather, and
manually entered road
condition data building off the
existing road condition tablet.
These vehicles will also
broadcast an enhanced safety
message via DSRC

July 28, 2016

The WYDOT TMC will receive the data from

the vehicles on the corridor. The Vehicle Data
Translator coupled with other sources will
9 generate alerts and advisories

9 great reach

Integration with existing WYDOT
traveler information services ensures

511 Phone and Web

Vehicle Data
Translator

WYDOT TMC Matorist

Information

Commercial
Vehicle Portal

. Roadside and In-
Vehicle

Dissemination

System
Media advisories
Integration with Waze

Fleet
Management
Centers

Fleet Management Centers
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V2V alerts will
provide do not pass
notification,
situational
awareness of
incidents,
workzones and
speed limits
between equipped
fleets and snow
plows

Roadside alerts to
equipped vehicles

dynamic routing,
parking services,
variable speed limits
and other advisories

Management; R. Young, B. Hommit

include spot weather,

Roadside alerts,

advisories are sent to

message sighs, RSEs,
\a“nd equipped vehicles

irectly via Wyolink

Over 150 fleet providers
are reached on the
corridor. A subset of
these will directly
transmit the message to
their vehicles

Source: Wyoming CV Pilot Deployment Team
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Wyoming CV Pilot Deployment Program

OF WYOMING

Phase | Timeline

Timeline
Task Sep-15( COc-15| Mow-15| Dec-15] Jan-16| Feb-16( Mar-16| Apr-16) May-16| Jun-16| Jul-16| Aug-16
Task 1- Program Mgt
Tazk 2 - ConDps o
Task 3 - Security Concept
Task 4 - Safety Plan
Tazk 5 - Perf. Measurment »

Task 6-5yRs

Tazsk 7-App Flanning
Task 8- Human s Appr
Task 9 -Training Flan
Ta=k 10 - Partnership
Task 11 - Outreach Flan
Tas 12 - Deployment F lan »
Task 13 - Readiness Summary

& webinar
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Phase Il and il

Connected Vehicle Pilot Deployment (up to 50 months)

PHASE 1 PHASE 2 PHASE 3 Routine Operations
(up to 12 months) (up to 20 months) ﬂl {minimum 18 months) {engoing)
Concept Dev. ﬂ' Il"‘
L F'r-e'.lTne.*:c (e Progress Gote Transition
In Progress Follow-On Cooperative Agreement

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

Future of CV and Road Weather Condition g%

Systems SR,

e 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

July 28, 2016 T3 Webinar: Connected Vehicles and Rural Rgad Weather
Management; R. Young, B. Hommit
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Could CV Technology Prevent This?

April 16, 2015 April 20, 2015
e 79 Vehicle Crash on I-80 (WY) e 59 Vehicle Crash on [-80 (WY)

4

] "“ .l.ﬂJ... r I A S T

1' *»JLWE- 50 'I.I'EHiCLES INVOLVED IN DE.ﬁDL"l" WYOMING PILEUP
Gicallocud | I-80 CLOSED DUE TO HAZARDOUS MATERIAL EUI-'I'HIHI'.I- 4 o

#
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