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Motivation

Highly automated driving on highways
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Approach
Typical Motion Patterns

Time [t] = s

Recorded trajectories of highway
lane changes to the left.
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Time [t] = s

Prototype trajectories of LCL
maneuvers.

September 19th & 20th, 2018

Ko-HAF — Motion Pattern Recognition for Maneuver
Detection and Trajectory Prediction On Highways



Approach KI:I |.||:|F

M KOOPERATIVES
BIOCk Dlagra m HOGHAUTOMATISIERTES FAHREN
Method --=---=------- >
Constraints =+=:=-=:=----- > Clustering < Data Basis <
Initializati q training set recorded and
nHalization and = e s s g (70% of data, labeled) preprocessed
Stop Condition . test set )
trajectory 30% of d environmental data
clusters (30% of data)
Prototype EI ..................
Generation : valuation
cluster prototypes L EARNING B
crreeenrrre s . maneuver estimate v
Maneuver/ trajectory prediction Estimation feature vector Feature environmental data
Traject.ory P Method h Generation |
Planning

Ko-HAF — Motion Pattern Recognition for Maneuver

September 15th & 20th, 2018 Detection and Trajectory Prediction On Highways




] |
] u
|
n - -
KOOPERATIVES ] HE
HOCHAUTOMATISIERTES FAHREN ]

MOTIVATION
APPROACH
LEARNING STAGE
ESTIMATION STAGE
APPLICATION

Ko-HAF — Motion Pattern Recognition for Maneuver

September 13th & 20th, 2018 Detection and Trajectory Prediction On Highways



Dissimilarity

Approach Ko- H|:|F'
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Agglomerative Hierarchical Clustering

Algorithm: Basic agglomerative hierarchical clustering algorithm.

@
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1: Compute proximity matrix

s 2: repeat
_ 3: Merge closest two clusters
4. Update proximity matrix to reflect the proximity

between the new cluster and the original clusters
— 5: until end condition.
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Approach

Ko-HAF
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Agglomerative Hierarchical Clustering

Dissimilarity measure:
average Euclidean Distance

oo 1/2
3(diy ;) = (} / (di(t)—dj(t))2dt)

t=tmin

Lnin| = Hlill(to,i; tO,j)
tmax] = IIlaX(t():?j + T:J tO,j + I?)

T = tmax — tmin

Algorithm: Basic agglomerative hierarchical clustering algorithm

1: Compute dissimilarity matrix

2: repeat

3: Find closest two clusters

4 if|constraints jare met

5: Merge closest two clusters
6: end

7: Realign clusters

8: Update dissimilarity matrix

7: until end condition
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Agglomerative hierarchical Clustering Ko-HAF
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Alignment by minimal pairwise dissimilarity

yava
S S

Ko-HAF — Motion Pattern Recognition for Maneuver

September 15th & 20th, 2018 Detection and Trajectory Prediction On Highways

11



Agglomerative hierarchical Clustering
Min. pairwise dissimilarity and cohesion constraint

LCL

4

Lateral Offset [d] = m

m
S

Lateral Velocity [d] =

Prototype trajectories of LCL maneuvers.
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LCR

Lateral Offset [d] = m
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Lateral Velocity [d]

Time [t] = s

Prototype trajectories of LCR maneuvers.
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Estimation Stage KI:I |.||:||."
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Dissimilarity measure: average Mahalanobis distance

A(dp,um)z— /( um(t+rm))2>1/2dt

o2, (t + mn)

Tm — min(Tbuffera Tm)
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Estimation Stage Ko-HAF

Quadratic Gaussian Discriminant Analysis =

HOCHAUTOMATISIERTES FAHREN

Bayesian discriminant rule for each class C;
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Lateral Offset [d] = m
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Estimation Stage
Quadratic Gaussian Discriminant Analysis

Bayesian discriminant rule for each class C;

1 1 _
Di(f) = 5 In|Si] = 5 (F = o) E7E - o) + ()

f — [da d.a f31 f4]T
f3 — Ap,LCR - Ap,LCL

Ja= Ay Lcr — Ay LCL
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Application KUHHF
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KOOPERATIVES | [ N ]

Ma neuver Detection HOCHAUTOMATISIERTES FAHREN

Highway Test Run

| Windscreen Camera

Motion Pattern Recognition for Maneuver
Detection and Trajectory Prediction on Highways
David Augustin, Marius Hofmann and Ulrich Konigorski
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Results: Maneuver Detection
Misclassification
Approach | TPR | prc LCL | LK | LCR
LCL 0.95 1.0 )
A ICR [ 087 1097 ' . 0.16 | 0.09 | 0.23
LCL 0.93 1.00 .
D TCR T 0:4 10907 . ) 0.19 | 0.09 | 0.26

AT £ average prediction time before a lane change event
A: Proposed approach.

D: Quadratic Gaussian Discriminant Analysis with feature vector f = [d, d]
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Application Ko-HAF
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Highway Test Run

| Windscreen Camera
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Results: Trajectory Prediction

Application
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Prediction Time Intervals (s)

Prediction Time Intervals (s)
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Conclusion and Outlook kﬂ'i'":lF"
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Proposed Approach

=  Uncertainty-aware maneuver detection and trajectory prediction

= Trajectory alignment minimizing pairwise dissimilarity improves cluster quality
= Online-capability demonstrated

OUTLOOK
= Maneuver Prediction: Take interaction and topology of road into account
= Motion Prediction: Probabilistic selection of prototype trajectories
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Thank you
for your attention!

Gefordert durch:
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Ko-HAF and/or licenced by the project consortium. Any disclosure, modification, publication, translation,
multiplication of the presentation and/or its contents is only permitted with a prior written authorisation by the e e Doy
consortium.
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