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WYDOT SHRP 2 IAP

SHRP2 Safety Data Implementation Assistance
Program—Concepts to Countermeasures

>Phase 1> Phase 2 >Phase 3>

1. Proof of Concept
2. In-depth Research & Analysis

3. Countermeasure Implementation



WEATHER IMPACT

* Fog, snow, rain, strong wind, etc. affect: pavenoemiditions, vehicle performances, visibility,
anddrivers' behavior and performance

« Weather contributed te 24% of total crashesl1995-2008 (NHTSA)
* Inclement weather 31,514 Fatal Crashes2000-2007 (NHTSA)

* More than 6,000 people are killed and close to 4800 people are injuredin weather-related
crashes every year in the US.

 ~38% of inclement weather crashes in Wyoming

« Crashes are a leading cause of Interstate Closure i

o 3-40% reductions in speed
o 4-27% reductions in capacity
« $2.3 billion in snow/ice control

¢ 326 bllllon IOSt hOUfS fOI’ frelght indUStry 45 vehicles piléuﬁ crash, 1-80 April 16, 2015 (SauWYDOT) 5



PROJECT OBJECTIVES

1. Examining the feasibility of using SHRP2 NDS and RID
datasets for adverse weather safety research

2. Quantifying  driver’'s  microscopic  behaviors  and
performances (i.e., speed selection, lane-keeping,
headway, car-following, etc.) in inclement weather

3. Improve VSL and Advanced Traveler Info System

4. Early investigation of CV Weather Applications

(Source: Global Road Safety Review 2016)



Drivers Response to Adverse Weather

Conditions

1.Can inclement weather trips be identified effegdf using the NDS and RID
data?

2.Can driver responses (i.e., speed and headwayadida, and lane keeping)
during inclement weather be characterized effitysinom the NDS data?

3.What are the best Surrogate Measures for weathsed crashes that can be
identified using the NDS data?

4.What type of analysis can be performed and carats be drawn from the
resulting dataset?

5.Can the NDS data be extrapolated to providetneed-weather information in the
context of the Road Weather Connected Vehicle Appbns? ;



PHASE | - Proof of Concept

Requested NDS Data

50 NDS Freeway Trips 100 NDS Freeway Trips
Heavy Rain > 10 min. Clear Weather
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All 6 NDS States.

All adverse weather conditions.

More variables.

Improve the Visualization and Red. Tool.

External Data to leverage NDS data.



 Critical Events on Freeways (All Weather and Traffc Conditions)
16 Crashes and 213 Near-crashes

 Normal Driving Trips in Adverse Weather
Based on Wiper Status
Using NCDC data and weather-related crash data

Wiper Status Using Airport Weather Stations Using RID Weather-related Crashes
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ldentify Normal Driving Weather-Related Trips

! ! |
Method 1 Method 2 Method 3
Windshield Wiper Status National Climatic Data Center Reported Weather-related
CAN-Bus (NCDC) Weather Data Crashes
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ldentify Weather-Related Trips

¥ ) ¥
Method 1 Method 2 Method 3
Windshield Wiper Status NCDC Weather Data Reported Crashes

11,164 Potential Weather-related Trips &
22,328 Matching Clear Trips

33,492 Total Trips Acquired

Total Duration Adverse + 2 Matched Clear Trips: 6, D00HR

4,094 trip sets
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Weather Method Method 2: Method 3: Total
1: Wlper NCDC Crashes

Rain 2,374
Fog 14 157
Show 29 175
Wet surface/ Clear Condition 10 298
Snowy surface/ Clear Condition 0 182
Total 560 3,186

(More than 1,700 drivers 3,013 Rain, 234 Fog,

320 Snow, 317 Wet Surface/ Clear, 210 Snowy
Surface/ Clear): ~ 85% missing wiper status

3,013
63 234
116 320
9 317
28 210
348 4,094

Manual Video verification
showed that only 4,094 were
weather-related trips
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Manual Video Observation

* Video Observation- Data
Checking and Reduction

e Poor Quality trips were
eliminated, trips on non-
freeway were discarded
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Data Reduction: Weather, Visibility, Surface and Traffic Conditions

Clear

2'3

%

%

Fog

Light Rain

Snowing

Heavy Rain
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The accuracy of the Visibility Level estimation algrithm reached 79%
Machine Learning of Video and Vehicle Kinematics 90% weather condition "



RID

RID

Conceptual Overview of Phase 2 Data Acquisition and Preparation
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Snow: 88 trips (1004 M)
Rain: 102 (2226Ml)
Fog: 22 (593 MI)
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Weather-Related Trips Similar to Wyoming

Trip ID: 13910595

Visibility: Fog (NCDC) — whiteout condition visual observation
Trip Location: New York (NDS TS)

Surface: Snow (Video Observation)

Vehicle Average Speed: 39.6 mph (NDS TS)

Standard Deviation of Speed: 11.86

Wind Speed: 33 mph (NCDC)

Speed Limit: (RID Reduced data)

Trip ID: 13904014

Visibility: Clear (NCDC)

Trip Location: New York (NDS TS)
Surface: Dry (Video Observation)

Vehicle Average Speed: 62 mph (NDS TS)
Standard Deviation of Speed: 12.73
Speed Limit: (RID Reduced data)
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Route: 1-290 & 1-190, New York,
Length: 19.2 miles (30.8 km),

Speed limit source: Roadway
Information Database (RID) and
Street View in Google Map

vtti.speed_network

lane_distance_off
_center

Speed (kph)

Lane Offset (cm)

Clear weather Conditions

Clear weather Conditions

Time
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10,606 1-minute observations=177 hours

Response: Percent Speed Reductigh Quantiles: > 14% red., 0-14%, 0-10 inc., >10 inc.)

Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF | Estimate , Pr>ChiSq| Odds Ratio Confidence Interval
Error Chi-Square

Intercept 4 1 -2.57 0.09 800.41 <.0001 - - -

Intercept 3 1 -1.3 0.09 218.23 <.0001 - - -

Intercept 2 1 0.32 0.09 13.93 0.0002 - - -
Weather Cond. Fog 1 0.26 0.09 7.61 0.0058 1.29 1.08 1.55
Weather Cond. Rain 1 0.44 0.09 25.35 <.0001 1.55 1.31 1.83

Weather Cond. Snow 1 2.23 0.06 1612.52 <.0001 9.29 8.33 10.36
Visibility Affected 1 0.56 0.09 35.24 <.0001 1.75 1.45 2.1
Traffic Cond. C-F 1 1.28 0.04 995.02 <.0001 3.6 3.32 3.89
Gender Female 1 0.09 0.04 5 0.0254 1.09 1.01 1.18
Age >40 1 0.2 0.05 18.24 <.0001 1.23 1.12 1.35
Marital Status Divorced 1 0.81 0.09 86.57 <.0001 2.25 1.9 2.67
Marital Status Widow(er) | 1 1.2 0.11 121.33 <.0001 3.31 2.68 4.1
Marital Status unmrid-— 1 94 0.1 88.74 <.0001 0.39 0.32 0.48
partnrs

Marital Status Married 1 0.34 0.05 45.09 <.0001 1.4 1.27 1.55
Mileage Last Year 12’0088(;0 1 -0.5 0.05 122.3 <.0001 0.61 0.56 0.66
Mileage Last Year >20,000 1 -0.58 0.06 92.33 <.0001 0.56 0.5 0.63




Traffic Conditions

Traffic Conditions

v

Node:3
\

Traffic Conditions
Node:6 ———L———— Node:7

Traffic Conditions Traffic Conditions
LOS C-F

Age Group

Less Than 10000 More Than 10000
— 1

——
| | Older than 40 H Fog or Rain | | Clear |
\ \ \
Gender Gender Gender

Fog or Clear

[ . [ . [ .
EE e

|
Traffic Conditions
LOS C-F I
T
Age Group Visibility
Node:12 ——L——— Node:13
‘ | Oller than 40 | ‘ Not-Affected || Affected |
T
Gender

o] o]

Node:24 Node:25

86% prob. of >14%
speed reduction

56% prob. of >14%
speed reduction

Experienced Drivers Did Not
Reduce Their Speeds as much
as Non-exper. drivers
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Modeling Driving Behavior in Non-Free Flow Conditions

Relative Velocity
Separation Distance

FHWA Work Zone Driver Model Software



Raw Data Application
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Driver’'s Acc. Preference

Observed changes in speed and headway (Radar
Data Required)

Discrepancies between Expected and Actual
Vehicle Dynamics based on Roadway Geometry

TTC, PRT, Headway, Long. And Lat. Acc., Yaw
Rate were used in this study.

Crash Development (Adapted from Tingval et al., 200

Discrepancy between Roadway Geometry and Vehicle Dy
(Wu and Thor, 2015)

9)

namics
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Rain/ Wet

Clear
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Timeline Snapshots for a Rear-End Near-Crash
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Time (Sec.)

30

Acceleration (m/s?)
o
N

Yaw Rate (deg/sec)
N

400

(m)

3300
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200

100

0 5 10 15 20 25 30
Following Vehicle —»— Leading Vehicle =~ ===--. Vehicles in the Left Lane Time (Sec.)

Acceleration and Yaw Rate for Following Vehicle Synchronized withjebtories of Following, Leading, and Surrounding
Vehicles for Swerving Event
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* The high resolution trajectory-level (microscopic) rksfrom Phase 2 are
timely for improving safety and mobility on freeways in Wyong.

* |[dentifying trips in various weather conditions was aeoiigle using novel
3 complementary methods.

e Within the identified trips, ML using video and vehicle kimatics
provided promising results to identify trajectory-levebad weather
conditions.

* Transferability assessment of the SHRP2 Results needse mc
Investigation.

* Moving forward with CAV, this will help in identifying thedvel of data
needs.
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Source: https://www.transportation.gov/connections/connecting-vehicles-and-infrastructure-wyoming
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Wyoming Department of
Transportation

Weather/ Driver Behavior
& Performance - Based
Variable Speed Limit

Advanced Traveler

Information System

Connected Vehicle
Weather Application

Develop a VSL Guidelines
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WYDOT Weather-based VSL and CV Integration

1. Collect Wyoming VSL Baseline Data.
a) Adjust driver behavior models to Wyoming Condigo

2. Add CV Speeds to the VSL logic.

a) Update microscopic traffic and driver parametenmsicrosimulation models for
Wyoming (Driving Sim Integration).

Update VSL logic using adjusted results from SERRase 2.

|dentify and model deviation from Normal Driviggritical Safety Events) on |-80

based on calibrated models from SHRP2.

Account for variation between SHRP2 and CV dataentifying Critical Safety Events.

Integrate within the CV Pilot Corridor.

Integrate the new system into the TMC'’s IRIS err2018-19.

Develop a VSL Guidance.

B W

NG
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Questions?

I-80 VSL System
Wyoming, Dec. 2014

Wyoming Department of
Transportation

Photo Courtesy: Dr. Mohamed Ahmed, P.E. — University of Wyoming

Dr. Mohamed M. Ahmed, PE
mahmed@uwyo.edu
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