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• “Continuous Cooperation” means

• continuously attentive

• cooperation on demand

• mutual message exchange

• new IMAGinE-Message “MCM”
(Maneuver Coordination Message)

• exchange of trajectories

• generic space-time information

• explicit driving intention

• representation of conflicts
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Continuous Cooperation
Definition and Basic Ideas
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Continuous Cooperation
Mutual Message Exchange

Reference Trajectory
Request Trajectory
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Continuous Cooperation
Mutual Message Exchange

no cooperation needed
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Request Trajectory
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cooperation needed

Continuous Cooperation
Mutual Message Exchange

Reference Trajectory
Request Trajectory
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sending request

Continuous Cooperation
Mutual Message Exchange

Reference Trajectory
Request Trajectory
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reaction to request
→ plan adjustment

Continuous Cooperation
Mutual Message Exchange

Reference Trajectory
Request Trajectory
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request now viable
→ performing maneuver

Continuous Cooperation
Mutual Message Exchange

Reference Trajectory
Request Trajectory
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Cooperative Maneuver Coordination
Concept: „Continously cost based communication“

Challenge: How do autonomous vehicles know how a request trajectory should look 
like, when to send it and whether they should accept an incoming request?

Possible solution: Evaluate a variety of possible regular and request trajectories with a 
cost based function. Send request trajectories to minimize your own cost. Accept 
incoming requests only if own cost increase is acceptable.

Cost based trajectory generation: Trajectories planner generates a set of trajectories 
and weights them with a cost function. Costs are incurred, for example, due to unsafe 
driving behavior, violation of traffic rules, strong turning, acceleration, breaking, etc.
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Cooperative Maneuver Coordination
Example „Continously cost based communication“ (F1)
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− cheapest trajectories
are free of conflicts

− V01 & V02 are using
this trajectories as
regular trajectory

− cheapest trajectory of
V01 is not free of
conflicts

− V01 evaluates if cost
reduction is worth
sending a request

− V01 uses conflict free
trajectory as regular
and sends cheapest
trajectory as request
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Cooperative Maneuver Coordination
Example „Continously cost based Communication“ (F1)

− cheapest trajectory of
V02 is now in conflict
with request of V01

− V02 evaluates
whether the increase
in costs is accaptable

− if yes: V02 uses the
trajectory that is not 
in conflict with the
request of V01 

V02 accepts V02 refuses

− if no: V02 uses the
cheaper trajectory
that is in conflict with
the request of V01 
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Cooperative Maneuver Coordination
Example „Cost based Communication“ (F1)

tx

− In the first scenario: 
V01 can now use his
request as regular
trajectory and change
the lane

− In the second scenario: 
A trajectory for
changing lanes is still 
not free of collision. 
V01 generates again a 
request trajectory while
it starts to break on the
right lane

− Subsequent V01 will 
merge in parallel or
behind V02 depending
on the cooparative
behavior of V02
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Cooperative Maneuver Planning
Simulation „Cost based Communication“ (F1)

• Simulation result
with high 
cooparative
willingness
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Cooperative Maneuver Planning
Simulation „Cost based Communication“ (F1)

• Simulation result
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cooparative
willingness


