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INTRODUCTION

~37,000 deaths due to crashes in 2018

Experts predict that some autonomous
cars will use more than two dozen
sensors to provide a 360° view.

Driver error contributes to 94% — 96% of crashes

Emergency Braking
L) Acaoiwe‘ " Pedestrian Detection
~4.5 million CAVs are expected on roads by 2035 b

M Long-Range Radar

B LIDAR

W Camera

M Short-/Medium Range Radar
M Ultrasound

~500% increase in lane capacity

MENTOR GRAPHICS

~90% crash reduction predicted with the penetration
of Connected & automated vehicles (CAVs)

Source: https://saemobilus.sae.org/automated-connected/feature/2019/02/fusing-sensors-for-the-
automateddriving-future



MOTIVATION

Human driven vehicles: How safe (or unsafe)
are they?

Rear-end crashes most common involving
CAVs

However, low acceptance level (21%) of CAVs
amplifies

Liability in a crash involving CAVs

Human supervision for testing



OBJECTIVES

Developing a calibrated
VISSIM model

Investigating the impact of
CAVs on traffic safety
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Data Roadway
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Travel Time
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VISSIM AV MODEL

e AV CokExist driver behavior model
e Car following
* Lane change
e Platooning
* Signal control
* Wiedemann 74 model

* Penetration levels — 0, 20%, 40%, 60%, 80% &
100%

e Conflict points used as surrogate safety measures




SAFETY ASSESSMENT

Surrogate Safety Assessment Model (SSAM)
was used for safety analysis
* Post Encroachment Time = 1.5 seconds
* Time to Collision = 2 seconds
e Extracting the annual number of crashes
for each segment
e Establishing conflict to crash relationship

e Predicting the number of crashes

Conflicts
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Percentage Reduction in Crashes
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RESULTS ¢
DISCUSSION

e 35%-45% reduction in the
number of crashes at 100%
penetration

e Significant improvement after
40% penetration rate



CONCLUSIONS

* Enhanced safety with an increase in the penetration of CAVs
e Better results for penetration rates over 40%
* Time of the day impacting crash reduction

* Traffic congestion accounting for more conflicts
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-« Study Outline

» Traffic count programs — mostly
focus on higher functional class
roads

» Limited data available for local
functionally classified roads

Source: http://www.tstdata.com/services.html

The University of North Carolina at Charlotte




Research
Design

to review AADT estimation methods for
functionally classified major, minor, and local
roads, along with how other state DOTs are
meeting the HSIP AADT requirements

to examine the influence of road network,
socioeconomic, demographic, and land use
characteristics on local roads AADT

to develop sustainable and repeatable methods
to estimate AADT for local functionally classified
roads

to monitor requirements to validate and calibrate

the models to improve their predictive
performance

The University of North Carolina at Charlotte e



--Data Collection & Data Processing

N cwoer— N
ST A St porans
[ _\DARE P Spatial join
-
Buffer analysis Network analyst
) Accessibility to higher
# of local road traffic count stations Road densit < » functionally classified
e =30 Y roads
—151-100
2 101-150
“m 151 - 200
w-- 201250 o ) [} 60 Miles

. >250 RN
* 12,899 local road traffic count stations

1 1 ; Capturing the
L Roa d C h a ra Cte rl Stl CS S:ep:juarggbg‘szldagg socioeconomic data
° S - H d d h 1 buffer analysis using Ibuffer

ocioeconomic an emograpnic analysis
Parcel-level land use TAZ-level
1 1 data socioeconomic data
characteristics

 Land use characteristics

The University of North Carolina at Charlotte



Modeling Local
Road AADT

Ordinary Least Square Regression (OLS)

Geographically Weighted Regression
(GWR)

Kriging Interpolation
Inverse Distance Weighting (IDW)

Natural Neighbor Interpolation (NN)

Statistical Methods

Descriptive analysis
of local road data

Check for
multicollinearity
between
explanatory
variables

Validate the models

The University of North Carolina at Charlotte

|dentify potential
explanatory
variables influencing
local road AADT

Develop local road
AADT estimation
models

Regression/Spatial
interpolation

Estimate local road
AADT at non-
covered locations




.. Geographically Weighted Regression (GWR)

Variable/ Standard
| pmameter | Minimum | Modan | Mean | Warimum | IR
Intercept 1.061 2.724 2.708 3.9 0.43
Speed limit -0.022 -0.005 -0.005 0.026 0.007
Road density -0.014 0.014 0.014 0.053 0.01
Dis-Nonlocal -0.333 -0.04 -0.044 0.132 0.058
AADT- Nonlocal -2.4*10°° 7.22*10% 7.92*1068 6.69*10-° 8.67*10°
Industrial -1.355 0.009 0.003 1.049 0.117
Office -1.298 -0.008 -0.027 0.739 0.15
Government -1.472 -0.004 -0.022 0.71 0.1533
Population density -2.3*10-3 2.4*104 4.15*104 8.6*103 7.2*103
R-square 0.44
AIC 6658
# of neighbors 254
MAPE 82.1
MPE -42.1
RMSE 730

The University of North Carolina at Charlotte



*Validation Results

MAPE (%) 86.1 84.1 120.9 89.2
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The University of North Carolina at Charlotte e




*County-level Modeling

i

+ P N
v T o £ i
*? Domills K
% o . Tove O z
4 Nerras Laks - wson City oresd 4 B 2
; 1. " :, ~
o v ¥ z . 4
o
Do rvil .

Norfalk

[ Selected counties

Gaincsville
sanwood .
Racuay. g Florenze
bl £ " T ot rra z
Alanta "
- e Vi
Myitle Beach Miles
012525 50 75 100
iy Augista
Fae
Gords
Grillny Qe
Forest el

Duplin County
AADT

© =300

9 301 - 600
® 601 - 9000
® 901- 1200
® -1200

The University of North Carolina at Charlotte



~Statewide Model Vs County-level Models
- ow [ as

County Statewide County-level Statewide County-level

MAPE MPE RMSE MAPE MPE RMSE MAPE MPE RMSE MAPE MPE RMSE
Buncombe 46.2 -1.5 908 68.1 -36.2 822 48.2 -4.4 936 72.8 -35.8 919
Columbus 74.2 -38.4 374 78.3 -25.2 368 70.1 -38.2 289 79.11 -35.6 431

Dare 73.1 -22.3 808 91.9 -76.2 641 73.1 -21.2 1,154 94.6 -68.6 752
Davidson 92.1 -59.1 641 79.3 -30.9 867 81.1 -42.7 833 85.6 -34.1 892
Duplin 57.1 -19.2 478 60.1 -19.8 399 51.2 -4.2 478 52.6 -20.2 452
Iredell 91.9 -34.2 1011 92.9 -32.1 888 98.4 -48.5 1,370 95.2 -46.4 883

Mecklenburg 47.4 -1.20 1,224 60.1 -19.2 954 38.3 -16.5 1370 98.2 -46.4 1,111

Randolph 68.2 -18.8 813 92.5 -32.1 792 63.5 -12.8 772 111.9 -81.2 868
Wake 1201 -84.1 1,055 1201 -86.2 962 88.6 -32.5 1,254 120.0 -88.3 993
Wayne 83.1 -28.2 713 108.0 -71.1 820 77.8 2.54 868 85.9 -55.8 852

The University of North Carolina at Charlotte o



-Sample Predictions at Non-covered Locations
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-« Error Analysis and Sampling Requirements
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The sample size requirement

was assessed based on non-

covered locations and the

number of local road traffic

count stations in each county

« Recommended sampling
based on speed limit and
link connectivity

Median prediction error distribution by county

The University of North Carolina at Charlotte



.. Application of Growth Factors to Estimate
Local Road AADT

Select a local road

Identify the county m
which the local road 1s
located

Is the count- % the counl:
based AADT based AADT

estimate
available for this
local road
during the
‘eporting year?

Use the count-based

AADT estimate

estimate
available for
the previous
year?

Use the county growth
factor for the reporting
year to estimate AADT

Use the base year model
AADT estimate

Use the county growth
factors from the base
model year to the
reporting year to
estimate AADT

The University of North Carolina at Charlotte



--Major Findings / Conclusions

* Five different methods were investigated and validated;
when compared to the other methods

 GWR can incorporate the , by geographic
location, when estimating the local road AADT

 Errors in the estimated local road AADT are lower at

yield relatively better local road
AADT estimates than the statewide models

The University of North Carolina at Charlotte e



.-Recommendations

 Collect traffic counts and estimate spatially distributed count-based local road
AADT data at
, beginning and ending features) different stations biennially

» Count-based AADT at a minimum of In each county

e Use of based on count-based local road AADT data
for future AADT estimations

« Update the
(aligning with the statewide travel demand model or census data updates)

The University of North Carolina at Charlotte 0
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NC STATE UNIVERSITY

Outline

* |Introduction and problem statement
 Modeling AVs and CAVs
* Scenarios investigated
* Findings

— Throughput

— Travel Rate

— Fundamental Diagram
* Summary



NC STATE UNIVERSITY

Introduction

« AVs and CAVs are expected to drastically impact
efficiency, safety, and the environment

 High MPR — consensus on the potential impacts
 Low MPR — discord on the potential impacts

— Interaction with unequipped vehicles

— Platooning opportunities

* A sensible solution - having the equipped vehicles
operate in a dedicated lane

OITRE



Methodology

Autonomy

« Simulation based — SUMO

* Longitudinal behavior modeling
= TVs & CVs — Wiedemann 99
= AV — Xiao et al
= CAVs — Xiao et al & Milanes and Shladover

Connectivity




NC STATE UNIVERSITY

Scenarios Investigated

Market share — 21

Ramp volume — 3 (5%, 15%, and 25%)

Demand level — 3 (low, medium, and high)
Access/Egress Length — 3 (3000ft, 4500ft, unlimited)

OITRE
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(a) Freeway Basic Segment

Three Freeway Segments
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NC STATE UNIVERSITY

Results and Analysis — Basic Segment

Throughput Diff. in vphpl (DL - Base Case)
« CAV MPR insights:

207 o °----- I
— Decreases <20% and >60% --

- —600
— Optimal at 40% EEE R 524
* insi : 2 - ~1200
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NC STATE UNIVERSITY

Results and Analysis — Merge Segment

Throughput Diff. in vphpl (DL with 4500 ft. Access - Base Case) Throughput Diff. in vphpl (DL with Unlimited Access - Base Case)
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NC STATE UNIVERSITY

Results and Analysis — Diverge Segment

Throughput Diff. in vphpl (DL with 4500 ft. Egress - Base Case) Throughput Diff. in vphpl (DL with Unlimted Egress - Base Case)
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NC STATE UNIVERSITY

Results and Analysis — Travel Rate
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NC STATE UNIVERSITY

Results and Analysis — FD

« GP Lanes

— Similar pattern exists
between the two lanes

High CAV MPR - more
scatter

Impacted by both ramp
volume and access/egress
lengths

 Dedicated Lane

— Access/egress lengths
drastically impact the scatter
of the fundamental diagram
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NC STATE UNIVERSITY

Conclusions
« Simulation result indicate that reserving a lane for CAVs is

beneficial when MPR is 20%-60% and optimal at 40%.

« Qutside of this range, throughput degrades significantly due to
congestion on either the dedicated or general-purpose lanes.

« Mandating CAVs to operate exclusively in the dedicated lane
negatively impacted the throughput at the medium and high
feasible ranges (40%-60%) but proved beneficial at the low
CAV MPR of 20%.

« TRD and FD analyses demonstrated that the operation of
dedicated lane is impacted by access/egress lengths, and

ramp volume.
OITRE
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