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«CVIS

1. CVIS project: brief overview
— One of the 3 IPs leading the European research on cooperative systems

2. The importance of positioning in cooperative system S
— Position is needed everywhere
— Positioning is a very challenging task
— GNSS is absolutely central, but not enough
3. Which positioning ?
— Absolute position is never used at the end of the chain, but map-matched position
— A position without integrity indicator is very risky and even dangerous
4, Emap-matching: lane-level positioning with enhanced maps
— A single process for positioning and accurate map-matching
— A new way of modelling roads
— A patrticle filter using map constraints
— Providing integrity indicators
5. Conclusion
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CVIS project: brief overview

One of the 3 IPs leading the European
research on cooperative systems
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CVIS: project objective

«'CVIS

Increase efficiency and safety through V2V and V2I
cooperation, enabled by:

— an open architecture and an universal platform prototype
— a wireless network amongst vehicles & infrastructure

— a framework for application management

— enhanced positioning and mapping solutions

— cooperative data management and sharing

— Innovative cooperative applications
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CVIS: project facts and figures

«CVIS

Murcia, 18th of June 2009
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CVIS Applications

Urban area applications

— Cooperative network management

— Cooperative area destination-based control
— Cooperative acceleration/deceleration

— Dynamic bus lanes

«'CVIS
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CVIS Applications

«'CVIS

Interurban area applications

— Cooperative travellers' assistance
— Enhanced driver awareness

Murcia, 18th of June 2009
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CVIS Applications

Freight & Fleet applications
— Access control
— Dangerous goods
— Delivery space / parking booking

«'CVIS
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The importance of positioning In
cooperative ITS systems

Position is needed everywhere
Positioning is a very challenging task

GNSS is absolutely central, but not enough




Position Is needed everywhere

«CVIS

« All CVIS, SAFESPOT and
COOPERS applications are
based upon the knowledge of
the vehicle(s) position, most

of the time In real time

e The position Is
without the ma

Information is t

useless
D iInformation,

the real interesting

ne estimation

on the vehicle

the map
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Positioning Is a very challenging task,
GPS Is not enough...

«'CVIS

* The apparently easy positioning performed by
the standard navigation systems is
misleading...

 |n reality, the quality of service of standard
GPS In constrained environments Is generally
guite poor, although the global performance is
really impressive

e Quality of service =
— Availability
— Accuracy

— Integrity

Murcia, 18th of June 2009 Workshop on ITS Experiences in Europe
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Which positioning ?

Absolute position is never used at the end of the chain,
but map-matched position

A position without integrity indicator is very risky and
even dangerous




Absolute position is never used at the
end...
You are here !...

Sensor data fusion
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Integrity mechanism

«CVIS

__Integrity

Acccuracy (error RMS)

99 %

Mechanism
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Interest of integrity for ADAS

«'CVIS

System System Misleading
available unavailable iInformation !...

Alarm limit

Protection ~
level True error
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Emap-matching: lane-level
positioning with enhanced maps

A single process for positioning and accurate
map-matching

A new way of modelling roads

«'CVIS

A particle filter using map constraints

Providing integrity indicators




Emap-matching: a unigue process for
oreg and accurate map-matching

You are here !...

Sensor data fusion

GNSS sensor

Proprioceptive sensor 1

Proprioceptive sensor 2
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GNSS sensor
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Sensor data fusion
and map-matching

Emap-matching: a unique process for
o) g and accurate map-matching

A
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Enhanced digital
road database:

on this lane !...




Usual GDF-based digital road map

«CVIS

Usual digital road data model (GDF-based):
1 polyline / road (or separated carriageway)

Map

Road

Geometrical
attributes:

L
(D)

(nb of lanes)

Carriageway

Road Segment
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Coordinates
of the origin:

Longitudinal
topology:

- preceding
segments id

- following
segments id

XO’ yO
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New Emap data model

«CVIS

Longitudinal
geometry:
TO
kO
C

Map

Road

Carriageway

L

Transversal
geometry:
D

Lane

Longitudinal
topology:

- preceding
segments id
- following
segments id

Lane Segment

Exact geometry (clothoids, circles, lines):
1 series of geometrical elements per lane

Murcia, 18th of June 2009

Coordinates
of the origin:
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Transversal
topology:

- left segments id

- right segments id
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Emap overview - Berlin test site

«'CVIS

Fie Edit WView Toole -Add Help

Eyealt. 1585t
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Emap zoom (Berlin test site)

«'CVIS

Fie Edit WView Toole -Add Help
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Standard map on the Berlin Emap area

«'CVIS
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Emap overview - Cheviré test site

«'CVIS
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Emap zoom (Chevire test site)

«CVIS

Pont Cheviré
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Emap-matching: particle filter using
map constraints /

Particle generation

»

>

\ 4

DR
measurements

State propagation model «—

l

Correction 1. geometrical
land topological constraints

< C\V:S

v

|ICorrection2: weights EGNOS
modification measure
l : Composite state vector:
Corrected particle set
.
1 X =(°X,7X)" =[x, y, /] i, dm, m)

Corrected estimated state
|

Murcia, 18th of June 2009 Workshop on ITS Experiences in Europe



Emap-matching: particle filter using
map constraints

— Green: particles that figure out the possible vehicle
predicted positions (using vehicle dynamics)

— Blue: particles that remain after applying Emap
constraint (removing the particles out of the road)

«CVIS
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Confidence indicators

«'CVIS

* Apply integrity concept onto map-matched
position, with 2 indicators:

— Correct lane assignment:

Probability of lane occupancy (ULO)

— Confidence on the position of the vehicle on

Murcia, 18th of June 2009

the assigned lane:
Lane Positioning Protection Level (LPPL)
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uLO

«CVIS

These particles
prove that matching
id 102 remains a

for a while, with pLO
decreasing.

In the meanwhile, id
415 uLO is
increasing.

Murcia, 18th of June 2009
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 ULO: probability of Lane Occupancy
— particles here match id 414, 102, and next 415

— at any time, uLO(id) = normalized cumulated weights
of all particles that match this lane id
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LPPL

«CVIS

 LPPL : Lane Positioning Protection Level
— similar to aircraft navigation : LPPL=K ¢

— maximum eigenvalue o of the covariance matrix for the plane
position obtained with the weighted mean of the particles,

multiplied by a K factor
LPPL : a circle that
contains most of the Lty
particles. — 127
K is fixed with respect 1260 L
to the probability of =
missed detection (risk = 120§
of not encompassing = o4 e
a position despite it is
acceptable). 1230% _ )
Kipeo = Rayleigh,., "1-Ryp)
122048
Murcia, 18th of June 2009 985 990 9% 1000 1005 1010 1015 1020

East (m)
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Lane occupancy + confidence

«CVIS

North (m)
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Lane occupancy and
confidence indicators
provided during a lane
change manoeuvre.
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Thanks for your attention...

WWW.CVisproject.org

«'CVIS




