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Introduction

If you are driving, which driver
will you pay attention to?
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Introduction

ldentifying Driving behavior
allows autonomous systems to:

Pay extra
“attention”

Avoid getting
close to them

=
A1 Re-run perception algorithms at
higher resolution for those area

oo "=
N FHE UNIVERSITY ©2018GAMMAGI’OUp,
”ll of NORTH CAROLINA  Department of Computer Science,
A, B The University of North Carolina at Chapel Hill



Introduction

Main contributions

" Feature extraction from trajectories
z > inreal-time
gﬁ Trajectory to Driver Behavior
12| Mapping
-
"é‘ Improved Real-time Navigation
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Feature & Behaviors
Database

Trajectory

— - —

(1) Training |

Database

Interstate highway-8o dataset
* 45 minutes of trajectory
* 1650 feet section of highway
* captured with 7 cameras
* tracked automatically with manual verification
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Feature & Behaviors

. P
User Evaluation

User Evaluation

AR

‘ -
User Driver Behavior
Evaluation l

Symbol Description | Symbol Level of Attention when
b Aggressive bg following the target
by Reckless b preceding the target
b Threatening bg driving next to the target
by Careful by far from the target
by Cautious
by, Timid
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Feature & Behaviors TDBM
Extraction

Feature Extraction
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Feature & Behaviors
Extraction
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Feature Extraction

Symbol Notation Description

fo Vfront Average relative speed to the car in front

fi Vback Average relative speed to the car in the back
fo Vle ft Average relative speed to cars in the left lane
f3 Viinrit Average relative speed to cars in the right lane

fs i Progressive jerk
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Feature & Behaviors

10
Extraction
Feature Extraction
Symbol Notation Description
fo ¥ £romit Average relative speed to the car in front
f1 Vback Average relative speed to the car in the back
fo Vie ft Average relative speed to cars in the left lane
fa Vright Average relative speed to cars in the right lane
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Feature & Behaviors
Extraction
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Relative Speed

* Previous works: using average speed to the
car in front / back / adjacent lane

* Problems:

ii) driving slow may not imply carefully, and
iii) driving faster than an immediate neighbor is
more aggressive

v(t) — vn(l)
i = | 3 max(0, g

neN
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Feature & Behaviors
Extraction
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Feature Extraction

Symbol Notation Description
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Feature & Behaviors
Extraction
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Lane following metric

* This metric captures the ‘drifting’ behavior of typical
careless drivers:

Scenter = /I-sc(t)[ ,uH—/'f Isa(t)ldt] dt

t—T1

0, if3t € Cst.t €[t —k,t+ k],
sc(t) =4 '
y(t) — i, otherwise.

*where C={t, t,, ...} with a set of lane changing events,
y(t) and y, are the longitudinal position of a car and the
center of the lane respectively, and

u and T are parameters to this metric
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Feature & Behaviors TDBM
Extraction

Lane following metric

Scenter =/|Sc(t)]'p}+ft [5&(t)|dt‘ dt

t—T

so(t) {0, if3t € Cste [t — k.t + k],
y(t) —y, otherwise.
1) distance between center
ii) rate of change of (i) in the past
T (parameter) seconds
iii) weight (parameter) for driving
off-center constantly
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Feature & Behaviors TDBM
Extraction

Lane following metric

Boomier = f |3g(t)|[,u+ ft :r |55,(t)|dt] dt
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Feature & Behaviors TDBM
Extraction

Lane following metric

t
Scenterzfl'SC(t)l }U’+-/.
t—7

|sg(¢)|dt| dt
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Trajectory to Driver
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TDBM

13
Feature selection
°; features that are most favorable in
regression analysis are selected
V"E’._ Vavg_ Sfmnr_ Ji . Scenter
Aggressive 22| -065| -062| -1.45 -2.05
Reckless -1.35| -1.85| -1.38| -1.7] -0.38
Threatening 15| -L.72F =231 2.3 -0.45
Careful - -2.58| -2.02 -2.2 -0.45
Cautious 148 | -2.55| -2.0] -2.17] 0.52
Timid -1.52| -2.02] -2.0| -2.05 20.52
Attentionpack -1.58| -1.72| -1.88 -2.2 -0.52
Attentionsont -1.78 | -2.12| -2.33 2.1 -0.75
Attention g, -1.78 | -1.32| -2.15| 25 -1.08
Attentiony,, -1.75| -1.78| 22| -2.48 -0.9
Behavior Average -1.57 -1.9| -1.69| -1.95 -0.73
Attention Average -1.72 | -1.74| 214 232 -0.81
Overall Average -1.63| -1.83| -1.87| -2.1] -0.76
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TDBM

Mapping Validation

19

*The mapping between the features
and the behavior [ attention metric is
validated using cross-validation. The
average error is:

bo | bi | b2 | b3 | bs | bs | b | bz | bs | bg
0.75 | 0.94 | 0.78 | 0.7 | 0.6 | 0.89 | 0.2 | 0.49 | 0.38 | 0.23
Symbol Description | Symbol Level of Attention when
b Aggressive be following the target
by Reckless b preceding the target
ba Threatening bg driving next to the target
by Careful by far from the target
by Cautious
bs Timid
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20
Trajectory to Driver
Behavior Mapping

*If we perform PCA on the six behaviors
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Trajectory to Driver

Behavior Mapping

Principal Component 2

*Further verify using attention metrics
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Navigation improvements

Ego-vehicle
(= _ running eurapproach
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Navigation improvements

Tallgating
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Navigation improvements

e g |

ego-venhicle

pedestrian
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Navigation improvements
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WeBTS7 Regular session, Room 2.L3 Wednesday 11:45

Autonomous Vehicles |

Thank you
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