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CVIS cooperative vehicle infrastructure systems

EU 6" Framework Program Integrated Project

POMA sub-project for POSITIONING & MAPPING

LCPC aims at providing a Map Aided Location
service to CVIS, based on Enhanced Maps, for
lane-level positioning requiring applications

1st part) Emap description and construction

2"d part) Lane-level positioning using Emap



nhavigation in ITS

the vast majority of ITS applications demands
a havigation system

U [Du, Masters and Barth in the 2004 I1EEE ITSC, Washington]
divided in 3 scales for vehicle navigation:

e Macroscale (roadway network, links and nodes)

Obj: Finding a path between 2 nodes in the network

e Mesoscale (link level, lanes)

U Obj: maneuvers such as overtaking, moving out of the way
of emergency vehicles...

e Microscale (vehicle level)

Obj: Lane keeping, avoiding obstacles ahead, etc.




nhavigation in ITS

Most of the applications require a local
reference (map) of the vehicle position

e Macroscale (roadway network, links and nodes)

Current commercial maps serve well

e Mesoscale (link level, lanes)

Need of an enhanced map (Emap)

e Microscale (vehicle level)

U Need of an enhanced map (Emap) in case of cooperative
applications (map data in an absolute reference frame)




traditional maps

07 AeroWest

Pointeur 52° 39.86" N 13°31'37.58°E élév. 31 m Mise au'point |]||I|I]]] 100% Altitude 405 m



traditional maps




traditional maps

e Set of arcs

node
N\,

e Each arc is piece-wise
N linear (easy to describe)
D
e Extremities are nodes
and the rest shape points

X X

e A node may be
A start
A dead-end

X
Z
X

Intersection
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raditional maps. errors

N

X X 3

shape point
SD

X

e Global. Same inaccuracy
as paper version derived
from photogrammetry ...

Std map accuracy

(5-several tens) m

e Local. Approximation by
series of shape points.
Accuracy =1 m



traditional maps. errors

e Completeness.

N

High simplication of road
shape point descrl pt|0n .
D

1 centerline per roadway,

X X 3

roundabouts represented by
1 node

X




enhanced maps (Emaps)

e More contents

e Higher accuracy

LANE-LEVEL
applications
(micro and
mesoscale)

ADVANCED
map-matching
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how to create your own Emap?

L
[ e *
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PHASE 1) mobile mapping o

2
2
*

PHASE 2) preparation of data ""sagus*®

PHASE 3) road representation: \/

extraction of arcs

PHASE 4) connection of arcs \\//‘/
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Emap computing process

gps L1/L2 &= gpsLl/L2 Em
code and phase code and phase

(

time-stamped
O - odometer pulses
O | - gyrometer meas
sample time: 10HZ

sample time: 1Hz

[ Gyrolis

)

time-stamped
smoothed positions

data at rover data at base station

GPS post-processor ]
gps ppk solutions / ‘ \

list of clothoids

sample time: 10Hz

H‘ Clothoids extractor

with their id, parameters
j and list of connected ids

list of clothoids
with their id and parameters

]

H‘ Connectivity processor H
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phase 1: mobile mapping

Collecting data by means of probe vehicles

. Almost no bias  Con: costly sensors
e RTK measurements

e IMU-odometry assistance for lacks of GPS
coverage. Drifts depend on IMU quality. With
good IMU data are asbolutely reliable
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EEX

phase : Qregaation of data

e Selection of trajectories
o Elimination of possible outliers

e Raugh smoothing and filtering (applying
GYROLIS tool)

[Bétaille D., GYROLIS: logiciel de localisation de
véhicule en posttraitement par couplage GPS-
gyrometre-odometre. Bulletin Spécial Instrumentation
des Laboratoires de Ponts et Chaussées, 2008.] b



phase 3. road representation

When roads are designed, the horizontal arcs are
described by straight lines, circles and clothoids

) . circles
straight lines -

clothoids ==

12
2(1) = o + /(cos(m + kol + %)d.{’., 0<l<L

2
y(l) = yo + f(:s--i-n-(?'o + kol + %)df? 0<l<L
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phase 3: road representation

018~ ¥\=l=I=le)Neis e sl-ned, the horizontal arcs are
may expect similar es, circles and clothoids

structures hidden in
mobile mapping data straight lines

circles

clothoids ==

Straight lines, circles,

2

clothoids can be a(l) = ao + f (tSfOH(Tn—FH-oH—%)dl, 0<l<L

2

described by the y(l) = yo + /(.e-é-'r?..(rg + Kol + %)n’f 0<l<L
same mathematical -

EAPIESSION Making ¢=0, curvature remains constant -> circle

Making ¢=0, kappa=0, nil curvature, - straight line

Making c/=0, —> clothoid



phase 3. road representation

our task is to find [X,, Y. I, K, C. Lmax] that fits with a
tolerance of 5 cm the collected trajectory data

) . circles
straight lines -

clothoids ==

12
2(1) = o + /(cos(m + kol + %)d.{’., 0<l<L

2
y(l) = yo + f(:s--i-n-(?'o + kol + %)df? 0<l<L

Xo, Yo
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phase 3. road representation

our task is to find [X,, Y. I, K, C. Lmax] that fits with a
tolerance of 5 cm the collected trajectory data

) . circles
straight lines -

clothoids =

0<l< L

<[l <L

Xo, Yo

5 cm error maximum
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phase 3. road representation

our task is to find [X,, Y. I, K, C. Lmax] that fits with a
tolerance of 5 cm the collected trajectory data

. . circles
straight lines -

clothoids ==

How to do it?

There’s no direct
relation between
changes in the

Typical least squares
based methods
applied for straight
lines and circle fitting
(Newton-Raphson,
Levenberg-

Xo, Yo

variables and
changes in the
observations




phase 3. road representation

circles

straight lines

clothoids T

How to do it?

Space vector: [ [ to Ko ¢ Y ]
Inputs: DR (dl and gyro)

Observations: GPS or GPS+DR
X0, Yo (prepared in the previous phase)

Evolution (2nd order Taylor development from the Fresnel Integrals):
Ik +1k) = I(k|k) +d
w(l+dl) = (1) + cos(t) dl — 0.5 - k sin(t) dI?
y(l+dl) = y(l) + sin(t) dl + 0.5k cos(t) dI*
t =tog + kol + 0.5 - cl? K = Ko + cl 20



phase 3: road representation

GPS point to clothoid distance (m.)

0.06

5 cm threshold

0.05
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road representat

hase 3
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phase 3: road representation

-2600

~

North (m

—-2700

—-2800

—-2900

-3000

-3100

-3200

-3300

-3400

-3500

Vehicle trajectory
GPS 1st point
Extracted clothoids

2600

|
2700

|
2800

|
2900

|
3000

|
3100
East (m.)

|
3200

| | |
3300 3400 3500

3600

23



hase 3: road resentation

i

E2008 Google - Imagene E2008 Digitall



phase 3: road representation
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phase 3: road representation
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how to create your own Emap?

L
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PHASE 1) mobile mapping o

2
2
*

PHASE 2) preparation of data ""sagus*®

PHASE 3) road representation: \/

extraction of arcs

PHASE 4) connection of arcs \\//‘/

27



hase 4: arc connections

Our task: to find the segments in which the vehicle
could be when it'll leave the given one

Taking into account driving directions

Some traffic requlations, while

Giving priority to the real feasibility of the maneuver

As automatically as possible (more than 500
segments in the Chevire Bridge Emap) 2




phase 4. arc connections

Example of automatic segment connection

- The final point of 1 is “very close” to segment 2
- The initial point of 2 is “very close” to segment 1

- The final point of 1 is NOT “very close” to initial point of 2

It is possible to move from segment 1 to 2

29



phase 4: arc connections

Example of automatic segment connection

/’2
g
1 <

- The initial point of 4 is “very close” to segment 1
- The final point of 1 is “very close” to segment 4

- The final point of 1 is “very close” to initial point of 4

It is NOT possible to move from segment 4 to 1
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phase 4: arc connections

Example of automatic segment connection

From geometrical aspects of the deployment of 2
segments under consideration and based on logic
rules it is possible to determine automatically the
relation of connectivity among the segments of the
Emap

[Bétaille D., Toledo-Moreo R. Making an Enhanced map for
lane location based services, ITSC Conference 2008.]
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exaln

le of Emap file

Archivo  Edician

DEE & #

Ver

Inzertar

Formato  Ayuda

E-u 12 3 At Bt B 1 T B Gt A0 ATt A2 0 A3e 0 1At A5 1 16+ 1 A7t 18+ 1 19+ 1 200 1 211 22+ 23 1 24+ 125 126 1 27+ 1 28 1 29
55 T8&. 126.144411 863.110597 119.165582 -0.0825%72 -0.000229 0.000001 76.857775 4 1 3 56 73 T4 1 2 2 000 0 0O0O0O0CO0QOO0O0O

56 Be3. 119.165582 943.147070 112.073952 -0.0%207€ 0.000556 -0.000017 B80.358858 4 1 2 57 T4 1 2 0 0 OO QO COO0OOQOODOOO

5T 943. 112.073852 597.611883 107.18235T7 -0.088702 -0.000180 O0.000008 54.650172 4 1 2 74 75 2 2 0 0 O 0O QO COO0OO0QO0OCO0ODOO0OO

8 TOT. 5535.853495 6€77.817788 533.1485309 -2.451451 0.001584 -0.000054 37.0758778 2 1 2 539 Te 1 2 0000 Q0QQO0QOOQOQOQOQO0OQOO

589 B77. 533.185309 €38.715871 503.5875b6 -2.491110 .000068 -0.000002 49.044844¢ 2 1 2 60 T6 1 2 0 0 0O 0O 0O 0O O0CO0OCO0OCO0OCO0ODODOO

60 B38. 503.587566 6lb.661856 488.976200 -2.504648 .000218 -0.000418 26.484347 2 1 3 61 76 77T 1 2 2 00 00O O0OO0CO0QCO0OCO0ODODOOCO0
6l 6la. 88.970200 577.174033 472.416478 -2.648147 .007106 0.000183 42.865122 2 1 3 62 77T 78 1 2 2 0 0O 0O O0ODOQODO0OOQDO0ODO0ODO0OO

62 577. 472.416478 550.166807 463.T799253 -2.80343%9 .001947 -0.000012 28.353604 2 1 2 63 78 1 2 00 0O 0CO0CO0DO0ODO0OCO0ODO0ODODODOO

63 550. 463.T799253 521.998392 455.914698 -2.861026 L000887 0.000037 29.253484 2 1 2 64 78 1 2 0 0O 0 O QO OOQODO0OOQDODODODO

64 521. 455.914658 483.755050 448.270570 -2.876828 0.000206 -0.000024 29.268106 2 1 2 65 78 1 2 0O O OO O OC O O0OO0OO0OO0OO0OO0OO

65 493, 448.270570 485.396075 445.914656 -2.856102 0.001215 -0.001273 8.6594517 2 1 1 78 2 00O O D OO OQOOODOOQOOO0OO

66 360. 169.058762 3892.840289 166.3T76513 .096154 0.000421 0.000032 31.965065 3 2 3 48 67 80 3 1 2 0O O QO O O OO OQOOODO

67T 392. 166.376513 432.138284 164.245438 .042586 -0.000787 0.000015 39.3635954 3 2 4 48 4% 80 B1 3 3 2 2 0 OO0 OQO0OODOOO

B 473. 161.484331 561.591850 155.342418 .070004 0.000538 -0.000014 8B.26%9228 2 2 2 69 50 1 3 0 O 0O O QO OOO0OOQO0OODOO

69 LSel. 155.842418 585.693921 154.57841S .062117 0.002237 -0.000178 24.141452 2 2 3 70 50 51 1 3 1 0 0 0 OO OOQOQODOOO

70 585. 154.578415 6€37.858521 145.421721 .049371 -0.000942 -0.000053 52.460167 2 2 3 51 32 71 3 3 1 000 O0CO0OO0CO0QCO0OCO0ODOOOCO0
71 637. 145.421721 6€50.400888 147.259382 161620 -0.001824 0.000093 12.734142 2 2 3 52 533 72 3 11 000000O0CO0CO0CO0OO0O

T2 650, 147.2583582 T7495.2%96615 132.515343 .1797289 -0.000155 0.000024 100.0456%90 4 2 5 53 54 73 87 88 3 3 1 2 2 00 00O0O0O0OC0
T3 T49. 132.515343 82959.441546 125.530561 .081e78 -0.000020 -0.000004 BO0.445%627 4 2 4 54 55 74 87 3 3 1 2 000 000O0O0O0CO0
T4 B29. 125.530561 S66.819393 113.064114 .090545 0.000035 -0.000001 137.5948767 4 2 © 55 56 57 75 86 87 3 3 3 1 2 2 00 0 00O
75 9e6. 113.064114 597.208167 110.391556 .08803% 0.000002 0.000002 30.507798 4 2 2 57 86 3 2 00 00 O0CO0CO0OO0OCO0OCO0OCO0OODODO

T8 TOT7. 553.311188 ©€36.875372 498.908472 -2.478725 -0.0001598 0.000000 B89.554370 2 2 4 58 59 60 77 3 3 3 1 00 0 O0QO0QCO0QCOQOOO
77 B636. 498.905472 587.121122 477.533137 .521040 -0.006140 0.000035 45.248372 2 2 3 60 61 78 3 3 1 0O O QO OO O O0OOQO0ODOODO

78 547. 47T7.533137 484.887602 442.943561 .754148 -0.002651 0.00002% 117.517222 2 2 5 61 62 63 €4 65 3 3 3 3 3 000 0O O D OO
79 433. 428.750149 374.T728546 413.1T7178S .871165 0.000381 -0.000036 60.6744%4 1 1 0 O O 0O O O O OO OCOQODODODOO0ODOO0OO0

80 3&0. 169.058762 400.634878 168.208735 .085385 0.002244 0.000074 39.693473 3 3 3 66 67T 81 3 3 1 00O 0O O0CODO0ODO0ODO0ODO0ODODOO

81 400. 168.208735 433.399574 167.095573 0.033743 -0.005824 0.000155 32.801388 3 3 1 67T 3 000 0O0O0CO0OCODOCODO0OCO0ODO0ODO0ODO0OO

B2 457. 189.057757 458.600646 211.156584 1.519867 0.002314 -0.000239 22.121812 1 1 2 83 19 1 1 00 0 COQCO0OCODODOQOQOODODOO

B3 458. 211.156584 466.789845 312.927364 1.518558 -0.0009%6 0.000013 102.1095%6 2 1 4 19 20 21 84 2 2 2 1 0 0 OO0 O0OO0QCOQOOO
84 466. 312.927364 472.762686 382.T725262 1.488617 -0.000852 0.000033 T0.060063 2 1 4 21 22 23 85 2 2 110 00O0O0CO0CO0CO0OO0O0

85 472. 382.725262 472.087816 402.434967T7 1.5338%51 0.009018 -0.000276 19.737412 2 1 1 23 2 00 00 0COQCOCOQCODOOQOQODO0ODO0OO

86 996. 114.110827 8%96.019431 123.241157 3.0561%6 -0.000148 0.000001 100.870100 4 2 5 38 39 T4 75 87 3 3 2 2 1 0000 O0O0CO0OOCO0
87 B96. 123.241157 T726.253044 138.521898 3.0602%91 -0.000153 O0.000001 170.4559%7 4 2 7 39 40 41 72 73 74 88 3 3 1 2 2 2 1 000C0
B8 T26. 138.521898 €49.814074 150.974835 3.040680 -0.003100 O0.000060 77.473202 4 2 5 41 42 43 72 89 3 3 1 2 10000 0O0O0O0
89 649. 150.974835 586.458051 158.961298 2.965690 0.002256 -0.000032 €3.875320 2 2 5 17 43 44 45 80 1 3 3 1 1 0000 0O0O0O0
80 S586. 158.961298 491.709163 168.968008 3.033815 0.000045 O0.000000 55.283818 3 2 5 17 18 45 46 91 2 2 3 3 1 000 00O OO

51 491. 168.968008 473.331269 170.830668 3.04065%0 -0.001105 0.000178 18B.4821€% 3 2 2 18 46 2 3 00O 0O O 0O O ODODO0OCODODODO0OO

592 433. 172.9340581 384.889704 171.613315 -3.122572 0.002755 -0.000148 49.082368 2 2 2 93 47 1 3 0 0 OO O OO OOQOOOOO

O3 a9sAa o Fel == K I == ¥ =t | SOASTSS 1TSS T T0OCO ammEAEmTE A AOS2A4A2 A AOAOTTA 9T O1TAECADS O T OA™ OS2 MM OO O & O &9 &9 O &9 O 00O OO OO OO OONY




overview

2"d part) Lane-level positioning using Emap



our lane positioning features

Vehicle positioning on the lane (no projection on
the road after map-matching)
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our lane positioning features

Vehicle positioning on the lane (no projection on
the road after map-matching)

L ane centerline




our lane positioning features

e Vehicle positioning on the lane (no projection on
the road after map-matching)

e Curentlane ID

Lane ID4

Lane ID1




our lane positioning features

Vehicle positioning on the lane (no projection on
the road after map-matching)

Curent lane ID

Relative position of the vehicle on the carriageway

Lane ID4

Lane ID1




Level of confidence on the position
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our lane positioning features

DISTRIBUTION OF PARTICLES
AND WEIGHTS

SUM OF WEIGHTS OF
PARTICLES OF EACH

SEGMENT

Level of confidence on the segment assignment
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dual representation

Eﬂ‘l

r — ;1‘-6” 4 / E‘OS[TTH[FHJ)({Z . d?nSiﬂ(Tﬂlum}J
0

Eﬂ'l

Y=y + / sin(r™(I™)dl -+ d™cos(r™ (I™))
0

Y
(North)

A ) it gt gmut g
Xﬁf — {ﬂ’ﬁ:? Yis Ve Z,Ig ?dﬁ; y 11y,

3
x (East)



dual representation

Much more convenient for using the Emap

Much faster computations in transitions between
segments

Relative position of the vehicle with its environment:
useful for a number of ADAS applications based on
lane
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dual representation

Could we navigate only with a L,D reference?
Yes, but only within the limits of our Emap

Crucial for areas out of the Emap limits
(such as complex crossroads)

East and North coordinates are still demanded by
many Location Based Services

Interaction with standard maps

42



positioning and mm In one cycle!

B3 | - initial gnss solution

Based on a unique Particle

list of clothoid . T
@ i g st (] Filter, using the bounds of
and list of connected ids the map SegmentS as fllter
[ Initial positioning j 9 b servat | ons

cloud of particles
closest clothoid id

O - odometer pulses
O - gyrometer meas H[ Prediction

sample time: 10Hz

test each particle CI

- in bounds id

- out bounds id

if so, test in connected ids

if out bounds ids, remove particle
and modify weights

N

cloud of particles

Emap update

—

[ Normalization j[ Resampling j
modified cloud

of particles resampling condition

resampling condition

modified weights
of particles

[ Normalization j[ Resampling j [ GNSS update j

/\test GNSS availability mm | - gnss solutions
\/ sample time: 1Hz




positioning and mm In one cycle!

3 | - initial gnss solution

list of clothoids
with their id, parameters -
and list of

Initialization: In Cartesian

cloud of particles
closest clothoid id S

O - odometer pulses
O - gyrometer meas %[ Prediction

sample time: 10Hz

test each particle CI

- in bounds id

- out bounds id

if so, test in connected ids

if out bounds ids, remove particle
and modify weights

Reference with first GPS

—

cloud of particles

Emap update

—/

[ Normalization j[ Resampling j
modified cloud

of particles resampling condition

resampling condition

modified weights
of particles

[ Normalization j[ Resampling j [ GNSS update j

/\test GNSS availability mm | - gnss solutions
\/ sample time: 1Hz




positioning and mm in one cycle!

- initial gnss solution

list of clothoids

with their id, parameters CI
and list of connected ids

(

Initial positioning j

- odometer pulses

10Hz

sample time:

test each particle
- in bounds id
- out bounds id

if so, test in connected ids

If out bounds ids, remove particle of particles resampling condition
and modify weights P piing

cloud of particles

N

closest clothoid id

cloud of particles referen ces.

preditions must be

consistent in both

Emap update

Uy )

[ Normalization j[ Resampling j

modified cloud

resampling condition

[ Normalization j[ Resampling j

/\test GNSS availability

modified weights
of particles

(

GNSS update j

N

3 | - gnss solutions
sample time: 1Hz



positioning and mm in one cycle!

- initial gnss solution

Initial positioning

weights of particles are

updated Iin

- odometer
- gyromete
sample timg

test each particle EI
- in bounds id

- out bounds id

if so, test in connected ids
if out bounds ids, remove particle
and modify weights

of particles

Emap update

resampling condition

list of clothoids
with their id, parameters
and list of connected ids

]

Frenet ref.

Segment transitions are
analyzed

[ Normalization j[

Resampling j

[ Normalization j[

Resampling j

/\test GNSS availability

resampling condition

modified weights

(

N

of particles
GNSS update j
3 | - gnss solutions

sample time: 1Hz



positioning and mm In one cycle!

3 | - initial gnss solution

list of clothoids
with their id, parameters CI
and list of connected ids

[ Initial positioning j

cloud of particles

N

closest clothoid id

O - odometer pulses
O - gyrometer meas %[ Prediction j
sample time: 10Hz

cloud of particles

Resampling j

™ |s it a valid distribution of =l
- out bo E ] .
i s0, es particles’ weights?

if out boUMASTCS,
and modify weights

[ Normalization j[ Resampling j

/\test GNSS availability

resampling condition

modified weights
of particles

(

GNSS update j

N

3 | - gnss solutions
sample time: 1Hz



positioning and mm in one cycle!

3 | - initial gnss solution

list of clothoids
with their id, parameters CI
and list of connected ids

[ Initial positioning j

cloud of particles

N

closest clothoid id

O - odometer pulses
O - gyrometer meas H[ Prediction j
sample time: 10Hz

cloud of particles

test each particle

- in bounds id
- out bounds id

New cloud of particles [ Normalization ][

Resampling j

eyt based on previous with

if out bounds ids

and modify weig Wel I 'b al an Ced We| g ht sampling condition

distribution

[ Normalization j Resampling

test GNSS availability

modified weights
of particles

(

GNSS update j

3 | - gnss solutions
sample time: 1Hz



positioning and mm in one cycle!

= | - initial gnss so

520

lution

list of clothoids
with their id, parameters
and list of connected ids

[ Initial positioni

")

cloud of particles
closest clothoid id

]

O - odometer pulses
o - gyrometer meas ﬁ[
sample time: 10Hz

Prediction

—

cloud of particles

test each particle EI
- in bounds id

- out bounds id

Emap update

—/

if so, test in connected ids
if out bounds ids, remove particle
and modify weights

modified cloud
of particles

resampling condition

[ Normalization j[

Resampling j

resampling condition

particles

Cartesian reference (X,y)
distance to xGPS,yGPS

GNSS update

modified weights

Weights of particles is of
updated following

- gnss solutions
sample time: 1Hz



positioning and mm in one cycle!

3 | - initial gnss solution

520

list of clothoids
with their id, parameters
and list of connected ids

[ Initial positioning

)

- odometer pulses
- gyrometer meas
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example of multipath removal
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example of multipath removal

Zoom : some GPS oultliers difficult to detect appear just before one gap
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example of multipath removal

Zoom : some GPS oultliers difficult to detect appear just before one gap

2]
]
= 4
Mok i
B
i
5|
420 E \ 3 GPS points, slowly
& j/ff offset due to multipath,
b E&— - just before a masked
i zone : the last 2 points
30 E are out of the bounds
_ e of the current lane and
£ = its transitionable neigh-
E = 9 bours : therefore, they
< 40 =] are rejected. Note that
g here, the carriageways
- are separated. Dead-
, S reckoning points are
U 150 g provided inside the
, 0 masked zone.
H
-160 - g
]
]
al
u)
170 o _S 1 1 ! | |
-80 70 60 50 40 30 20
East (m)

-100 -90



example of multipath removal

Zoom : some GPS oultliers difficult to detect appear just before one gap
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example of lane change
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example of lane change
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example of lane change

80

70

40

30

20

450

460

470

480

490

500

510

520

530

59



contact

MANY THANKS!!
QUESTIONS?

David Bétaille: david.betaille@lcpc.fr

Rafael Toledo-Moreo: toledo@um.es |, rafael.toledo-moreo@lcpc.fr
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