
HAVEit Fusion Workshop, 2011-02-22, Brussels

Ko-PER ƄCooperative Perception 
to Promote 

Driver Assistance and Preventive Safety

Dr. Reiner Wertheimer, BMW Group Research and Technology

Dr. Erich Fuchs, FORWISS, University of Passau

Research Initiative Ko-FAS
Kooperative Fahrerassistenz und Aktive Sicherheit 



Ko-PER: Cooperative Perception to Promote Driver Assistance and Preventive Safety22.02.2011 2

HAVEit Fusion Workshop, 2011-02-22, Brussels
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What is Ko-PER? ïBasic Ideas

ÅCombine the results of intra-vehicle environment perception and 

inter-vehicle communication (i.e. simTD): 

Ÿ Cooperative Perception Messages (CPM)

ÅSimultaneously utilise the electronic perception of a multitude of 

vehicles (cooperative perception) + self-localisation in space and time

ÅOptionally: Equip neuralgic intersections with sensor networks to 

contribute to the inter-vehicle surveillance (intersection perception)

ÅCommunicate the various perception results via broadcast:

CPM intersection; (integration of simTD-CAM into the CPM messages 

Ąmarket introduction scenarios)

ÅEvaluate the Ko-PER added value by means of selected vehicle 

functions and applications
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What is Ko-PER?

Überschrift

Å Unterpunkt

More than 35% of all severe accidents in 

Germany occur at intersections

Trend points upward!



Ko-PER: Cooperative Perception to Promote Driver Assistance and Preventive Safety22.02.2011 5

HAVEit Fusion Workshop, 2011-02-22, Brussels 

Paradigm Change

Potentially complete environment perception allows:

Å Cancellation of occlusions

Å Overcoming of quasi-deterministic models

Å Step-by-step adoption of rule-based and cognitive approaches 

(Scene interpretation, scene recognition), hence:

Å Machine-based early recognition / disentanglement of conflict 

situations  / design of real-time conflict resolution strategies

Å Generic perception (surveillance of the vehicle surroundings)

Å Generic HMI (multitude of functions)



Ko-PER: Cooperative Perception to Promote Driver Assistance and Preventive Safety

HAVEit Fusion Workshop, 2011-02-22, Brussels 

The Ko-PER Pyramid
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Building Blocks Towards Cooperative Perception
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Intra-Vehicle (On-Board) Perception

22.02.2011

file:///C:/Dokumente und Einstellungen/fuchse/Lokale Einstellungen/Temp/BMW-Urban-MP.wmv
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Intra-Vehicle (On-Board) Perception: Real-Time Map

VideoVideo

file:///C:/1-My-Own-Data/Non-EU/Pr�sentationen/FH-Landhut_MST/Beitrag-PP-Pr�sentaton/rtmap1.avi
file:///C:/1-My-Own-Data/Non-EU/Pr�sentationen/FH-Landhut_MST/Beitrag-PP-Pr�sentaton/rtmapbirdview.avi
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Typical causes of 70% of      

all intersection accidents

Rotlichtmissachtung

Vorfahrtmissachtung
Einbiegen&Kreuzen

Vorrangmissachtung Linksabbiegen

Other 
scenarios at 

intersections

Red Light Violation

Right of way violation
with turning & crossing

right of way violation during left turns
inattention

occlusions

misjudgement

HAVEit Fusion Workshop, 2011-02-22, Brussels 

Causes of Intersection Accidents

22.02.2011
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Private, Semi-Private und Public Test Intersections

Intersection Ulm (Daimler Campus)               Test Intersection Alzenau Public Intersection Aschaffenburg
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Public Intersection AB: Sensor Arrangement
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Sensor Arrangement/ Coverage: Laser Scanners
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Sensor Arrangement / Coverage: óVGAô Cameras
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Public Intersection AB / IZVW Driving Simulator
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The following approaches will be investigated:

ÅLand-mark detection in combination with map matching

(laser scanner, image sequence und high-precision digital road map)

ÅUtilisation of Ko-TAG antenna / transponder (cooperative sensors)

ÅTightly Coupled GPS / INS

ÅCooperative GNSS

ÅResult data fusion of several (or all four) approaches

22.02.2011 16
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Approaches Aiming at Self-Localisation
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Self-Localisation Utilising Land-Marks

Map requirements

ÅHigh-precision land-marks (video)

ÅPoint land-marks (posts, traffic signs) 

ÅChallenge: successive land-marks representing the course of the road

Lane markings

Directional arrows

Application requirements w.r.t. perception purposes

ÅLane attribution of the host-vehicle and of detected objects

ÅCurvature information

ÅRoad and lane width / boundaries, conflict-free area
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Important Aspect: Cartography (Courtesy FORWISS)

Extension of digital maps with high-accuracy land-marks

RTK / GNSS

sensor calibration

transformation
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Self-Localisation with Video-Extracted Land-marks

Resulting technical requirements for land-mark representation

ÅAccuracy 

ÅError estimation and error control

ÅFast computability of the relevant curves

ÅDistance computation point-to-curve

ÅCurvature estimation

ÅOffset curves

ÅData volume
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Representations of the Road and Lane Geometry

Choice of representations of lane-marks in a digital map

measurements polygonal curve

arc spline clothoids + arcs

Models investigated:

Åpolygonal curves

Åcircular arc splines

Åclothoids

Åcubic splines

Ådiscrete clothoids



Ko-PER: Cooperative Perception to Promote Driver Assistance and Preventive Safety22.02.2011 21

HAVEit Fusion Workshop, 2011-02-22, Brussels 

Circular Arc Splines: Definition

ÅA (circular) arc spline is an injectively parametrisable 

planar curve, the image of which consists of a sequence of 

arcs and straight lines 

ÅAn arc spline is called smooth if the tangent vectors at either 

side of a breakpoint are equal
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Circular Arc Splines: Properties

ÅThe curvature of an arc spline is a step function 

(i.e. constant in between a finite number of breakpoints)

ÅDistance computation in closed form is possible

ÅInvariant with respect to rotation, translation and scaling

ÅOffset curves can be represented with arc splines again

ÅParameter-free representation is possible

ÅCompatible with common geometry- and CAD-systems
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ARC Splines: Example Set of Given Points
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Arc Splines: Tolerance Channel Along Initial Curve

Distance with respect to the maximum norm
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Arc Splines: Existence of Minimum Arc Path

Algorithm for smooth arc path computation

featuring the minimum number of segments
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Polyline Representation vs. Arc Splines

17 polyline segments versus 6 arc spline segments 

22.02.2011 26
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Arc Splines: OpenStreetMap Representation
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Arc Splines: OpenStreetMap Parametrisation

ID x y highway run_length radius chord_dist

45 0.0 0.0 lane 0.0 - -

76 35.4 18.7 lane 40.0 25.6 -12.6

23 36.6 63.2 lane 94.0 - -

98 1.8 84.5 lane 134.8 -25.3 15.0

12 -2.1 125.2 lane 182.3 -33.6 33.4

6 4.0 129.3 lane 189.7 - -

43 38.5 147.7 lane 228.8 - -

way num node

42 1 45

42 2 76

42 3 23

42 4 98

42 5 12

42 6 6

42 7 43

nodes and node-tags way-nodes



Ko-PER: Cooperative Perception to Promote Driver Assistance and Preventive Safety22.02.2011 29

HAVEit Fusion Workshop, 2011-02-22, Brussels 

Arc Splines: Representation of Height and Width

ÅHeight and lane width can be

(and will be) represented as

arc splines, too.

Åparametrisation utilises arc

length of the planar spline 

ID highway width curve_type h_id w_id

42 lane 3.75 planar_curve 12 67

12 - - height_curve - -

67 - - width_curve - -

ways
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Arc Splines: Representation of Lanes (Variable Width)

Representation of varying lane widths


