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Centre de RobotiqueCentre de Robotique
Created in  1989 : 40 people - 16 PhD students – Partnership with EC, Public 
Authorities and Private Companies (13 contracts alive = 1,2 M€)
Many innovative demonstrations:

• Virtual shop
• 3D Scanner for large site
• Robotized dental implantology
• On board signing

Four times winner of national Oseo Anvar competition 1998, 2000, 2001, 2006

Creation of many start up : Kynogon, Oxygen Research, Prd, Hermione, LLNR, 
Vidatis, Senda ….Intempora

National and International Recognitions (Grand Prix Léonard de l’Innovation, 
Engelberger Award)

http://www.caor.ensmp.fr
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NAVIGATION ON BOARD SIGNING
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PROTOTYPE  LARA VEHICLE
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Lara Lara vehiclevehicleequipmentsequipments
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60

To day In 2030 ?

Electronic signing ….Road is redeable

To morrow

60
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From dream to reality….
First generation of on board signing
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GPS

Vision

Radar

Second generation of on board signing
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Enhanced ACC by use of radar vision data 
fusion for obstacle detection
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Correct speed Excessive speed

Smart on board signing using
{ GPS-Vision-Radar-CAN bus}      data fusion

Following a car while approaching an intersection
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Vision surveillance of crossing

Stop panel correctly respected Stop panel not correctly respected

Smart on board signing using
{ GPS-Vision-Radar-CAN bus}      data fusion
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The C3 fleet Lara equiped in V2V and V2I 
communication

Third generation of on board signing
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V2I Communication
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Traffic 
Control

Vehicle 2 Driver 
Interface

Regional Control Center (RCC)
Vehicle 2 Infrastructure 

Communication

Local (virtual) Control Sub-Center (VSC)
Vehicle 2 Vehicle Communication
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Advanced mobile sensing technology

Friction Friction SensorSensor(TNO)(TNO)

VisibilityVisibility sensorsensor((ArminesArmines))

TrafficTraffic indicatorindicator ((ArminesArmines))
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Tire Tire roadroad interactioninteraction
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Friction
Friction :
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In the expression of the friction m, Fz can be estimated. 
The Fx are the difficult part to estimate.
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FxFx Model Model 
– Pacejka Model:  Static Model

• B, C, D et E depend of Fz and some other constants calculated 
experimentally. They change with the speed, the weight of the 
vehicle, the friction of the road … .

– LuGre Model:  Dynamic Model

• The parameters � i, � c, � s et vs are identified from experiments.
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Results: J-Turn, Ice, 60 km/h (ESP off)

Demo
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Results: J-Turn, Ice, 60 km/h (ESP off)

estimated tyre-road friction [-]

lateral acceleration [m/s 2]

estimated and measured slip angle rear axle [º]
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Visibility Sensor

VisibilityVisibility sensorsensor
((ArminesArmines))
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Estimation of the visibility Distance
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Koschmieder model:

L   : visible luminance of the object

L0 : intrinsic luminance
Lf  : sky luminance

d   : object distance

k   : extinction coefficient of the atmosphere

v
u

•On each line of the region of interest, calculation 
of the mean value of luminance..
•We obtain the luminance L in term of v (the pixel 
line).
•The inflexion point  let is know the value of the 
extinction coefficient.
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Inflexion Point

Region of interest
Luminance function

VisibilityVisibility DistanceDistance

Impossible to evaluate in real condition :

we don’t know the exact visibility distance

Evaluation with

a simulator

Estimation of the visibility Distance
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TrafficTraffic sensorsensor

Traffic indicator

(Armines)
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Intelligent Traffic Sensor

IntelligentIntelligent
TrafficTraffic SensorSensor

CameraCamera

• Turning a vehicle into a smart sensor : 

– Real Time Estimation of Trafic Flow by Computer Vision and Particle
Filtering

– All relevant data are transmitted to the server

ABS

Speed
Fog lights

Warning  
lights

Wipers

Defrost
Gear

ESP

Temp.

CAN Bus DataCAN Bus Data
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Estimation Estimation ofof FlowFlow / / DensityDensity

Filters the results of the Vehicule Detector

(m) nceinterdista
(m/s) speed

  (veh/s) flow =

Host Vehicule
Speed through
CAN bus

Side Vehicules
Speed through

trajectography and
relative estimation

Side Vehicules
Interdistance through

trajectography.
Keep track of 2 vehicules

(m) nceinterdista
1000

  (veh/km)density =

Confidence is the mean of
all the confidences in all the vehicles
used for the computation…

Same Lane
Interdistance directly
with vision
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Vehicule Detection and Tracking

- Real-Time 3D Localization and Tracking of Vehicles
- Uses a Particle Filter for Data Fusion

Shadow
Detection

Rear Lights Detection ��������	 Edges
��������



29



30

Sensing Traffic Together
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Motorway 
company 1

Motorway 
company n

Autoroutes-
Trafic

Map makers

Directions 
providers

Speed map on 
the internet

RDS TMC 
operators

DSRC 
transmitters

On board 
driver

Static speed 
limits

Temporary 
/ dynamic 

speed limits
Internet 

providers

Off board 
driver

Data acquisition
Data distribution 
(perspectives)

Data distribution 
(operational)

Data Merging
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V2V  Communication
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Application
Risk assessment on crossroads

- Lateral collisions 

- Only 2 vehicles

Although a simple 
configuration, today there 
is no solution but with the 
infrastructure 
instrumentation
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V2V advantages

1. Extension of the information detection range
2. Quality of the information

Accuracy of gathered information vs. Sensed
information  « Sensing traffic to gether »

3. Type and nature of information:
Obstacle’s intrinsic parameters (dimensions, weight, 
breaking capacity, …)
Driver’s intention
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V2V
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Communication system

Vehicle equipment :
- Standard 802.11 g+ devices (Dlink 2100)

- 8db antennas
Developed a specific Sniffer :

- based on the (Pcap library)

- Interfaced with RT-Maps workshop
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Communication 
characterization

3 evaluation criterions :

1. Range
2. Bit rate 
3. Vehicle speed : relative and absolute



44

Urban Zone
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Experimentation
Range



46

ExperimentationExperimentation
RangeRange

600 meters
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Communication rangeCommunication range

Urban area Rural area

Capture range  vs. Leak range
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Communications rangeCommunications range
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Communication bit rateCommunication bit rate
50 MBPS 

Traffic generator

50 MBPS 
Traffic collector

Measured traffic = 7 MBPS
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Communication Speed limits
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Safe crossing application description

Objectives:

Detection of upcoming vehicles

Computing of possible trajectories intersection

Estimation of collision risk

Exchanged data :

GPS positions

vehicle instant velocity

Tests performed with 2 equipped vehicles
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Safe Crossing
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Risk estimation

• Timing

• Positioning uncertainty

• Data Latency
• GPS latency
• Com Latency
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GPS GPS latencylatency

Mean 110 msec

S1(T0,P1)
S2(T0,P2)

V(T0,P0) V(T0+DT,P1) V(T0+DT+L,P2)

DT~70ms

20 000 kms

~2m ~3m
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GPS latency

Mean 110 msec
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Emission

Reception

Communication latency

Emission latency

Receiving latency
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[Communication latency]=

[Propagation latency]+

[Computer latency]
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Communication latencyCommunication latency

Max   : 34 msec

Mean : 1.1 msec

[Communication latency]=

[Propagation latency]+

[Computer latency]
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Collision detection

• Detection of the upcoming vehicle
• Trajectories prediction accounting uncertainty

– Kalman filtering and prediction
• Detection of « temporal » collisions

– Geometric intersection of both trajectories
– Temporal overlapping at the collision area
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TTIq0 TTIq1

TTIp0 TTIp1
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Risk levelRisk level
• Braking distance DB: minimum distance to stop the vehicle

DB
D

If D < DB Unavoidable collision

If D>DB + Safety margin 

If D� DB Warning
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Risk functionRisk function

DB NxDSafety

Risk

D

1

0
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Experimentation
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V2V & V2I communication :
« Sensing trafic together »

Third generation
Interaction  and
communication

On board copy of
road signs

NAVIGATION ON BOARD SIGNING
Electronic Copilot

First generation:
Static

Routing
Geometry of the
network

Second  generation :
Dynamic or 
Contextual

Dynamic routing Data fusion 
Smart signing



65

Thank you

For attention !


