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Problem Statement

xk =


xk
yk
θk
vk
ωk


Localization needs to be accurate and
reliable.
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Sensor overview
Observation Model

Mobileye

Ci = hm (xk )

=
(
lx sinθk +yk −yA)

xAB − (
l cosθk +xk −xA)

yAB

xAB cosθk +yAB sinθk

Velodyne

[Mxi
Myi

]
= hs

i (xk )=
[

cosθk sinθk
−sinθk cosθk

][
xS

i −xk
yS

i −yk

]

SyRI Seminar 7



Problem Statement Localization System Matching Problem Map Reliability

Filtering Scheme

Proprioceptive
sensors

Association

CAN Bus

Velodyne Driver

Mobileye Driver

Road Signs
 Detection

Point Cloud

Map Server

GNSS Receiver

Trajectory

C0 Observables

Road Signal
Detections

Position

Lane Markings
Road Signals

Smoothing

Real-Time Filtering

Trajectory

Matches

1

2

3

HF State

Trajectory4

SyRI Seminar 8



Problem Statement Localization System Matching Problem Map Reliability

Filtering Scheme

Proprioceptive
sensors

Association

CAN Bus

Velodyne Driver

Mobileye Driver

Road Signs
 Detection

Point Cloud

Map Server

GNSS Receiver

Trajectory

C0 Observables

Road Signal
Detections

Position

Lane Markings
Road Signals

Smoothing

Real-Time Filtering

Trajectory

Matches

1

2

3

HF State

Trajectory4

SyRI Seminar 8



Problem Statement Localization System Matching Problem Map Reliability

Filtering Scheme

Proprioceptive
sensors

Association

CAN Bus

Velodyne Driver

Mobileye Driver

Road Signs
 Detection

Point Cloud

Map Server

GNSS Receiver

Trajectory

C0 Observables

Road Signal
Detections

Position

Lane Markings
Road Signals

Smoothing

Real-Time Filtering

Trajectory

Matches

1

2

3

HF State

Trajectory4

SyRI Seminar 8



Problem Statement Localization System Matching Problem Map Reliability

Matching Problem
Problem Statement

The observations need to be matched to map features to be used for localization.
Matching is hard because:

l The state estimate has uncertainty
l There are few measurements leading to ambiguities
l The map can be incomplete
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Matching Problem
Snapshot view

In real-time, few observations are available.

Road SignMarking
/ Border
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Matching Problem
Observation Buffer

To limit ambiguities, an observation and a state estimate buffer can be used.

Road SignMarking
/ Border

Buffering
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Matching Problem
Kalman Smoothing

Kalman smoothing propagates the state estimates backward improving the trajectory.
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Smoothing
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Matching Problem
trajectory Adjustment

The trajectory is adjusted such that the observations and the map best coincide.
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Matching Problem
Likelihood definition

The adjusted trajectory:

x̃k =
x̃k

ỹk
θ̃k

=
cosδθ −sinδθ 0

sinδθ cosδθ 0
0 0 1

x̂k |K
ŷk |K
θ̂k |K

+
δx
δy
δθ



We search for the adjustment δ that maximizes the likelihood knowing the
observations and the map.

L(δ |ZK )= ∏
k∈�K−S,K �

∏
z(k)j ∈Z(k)

L
(
x̃k

∣∣∣z(k)j

)
with the likelihood given a single observation being

L
(
x̃k

∣∣∣z(k)j

)
= ∑

mi∈M
Li ,j

(
x̃k

∣∣∣z(k)j

)
Pi ,j +L;,jP;,j
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ỹk
θ̃k

=
cosδθ −sinδθ 0

sinδθ cosδθ 0
0 0 1

x̂k |K
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Matching Problem
trajectory Adjustment

Using the adjusted trajectory, matches can be selected.

Road SignMarking
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Matching Problem
Results

More matches

l observation can be matched later

l the adjustment makes mathing easier

Improved consistency
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Map Reliability
Problem Statement

Incorrectly referenced marking Change affecting
one feature

Change affecting an area

SyRI Seminar 17



Problem Statement Localization System Matching Problem Map Reliability

Map Reliability
First work

pm = exp

(
−y2

m

α2

)
with

ym =∑
i

∣∣∣C i −hm (xk)
∣∣∣
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Map Reliability
Perspectives

l Using the residuals y with their covariance matrices S to decide to reject or not
a map feature

l All residuals attributed to a feature mi can be merged by covariance intersection

l A test is performed to check if the residuals are within the chosen risk tolerance

yS−1yT <
γ

(
dim(y)

2 , 1−α
2

)
Γ

(
dim(y)

2

)
l The residuals can be updated as new trajectories are recorded

y =
(
S−1

1 +S−1
2

)−1 (
S−1

1 y1+S−1
2 y2

)
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