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Motivation

Connectivity and automation of road vehicles 

may improve safety, energy efficiency, and mobility 
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Connected Cruise Control (theory)



Connected Cruise Control (practice)
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Connected Cruise Control (practice)
Automated Vehicle
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Connected Cruise Control (public road)



Connected Cruise Control (public road)
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Connected Cruise Control (public road)

CAVHV HVHV CHV HV HV HV



Connected Cruise Control (public road)
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Energy Efficiency for Class-8 Trucks



Energy Efficiency of Class-8 Trucks

Theorem: 

where class K functions

Fourier components

Independent of the control design:
Applying this to the controller
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What about safety?



Verifying / Synthetizing Safe Controllers 

Barrier functions
- based on Lyapunov approach

- provide sufficient conditions on user defined safety region

Formal methods

- based on linear temporal logic   

- discretizes time and quantizes state space and utilizes games

- give exact results but suffer from curse of dimensionality

Reachability calculations 

- based on Hamilton-Jacobi PDEs   

- utilizes differential games

- give exact results but suffer from curse of dimensionality
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Safety  Invariant set in state space

Theorem
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Without barrier function



With barrier function



Is there any way to resolve conflicts earlier?



Is there any way to resolve conflicts?



Conflicts Analysis

Longitudinal dynamics

Conflict

Vehicle 2 merges ahead Vehicle 2 merges behind

Theorem



Conflicts Analysis
Vehicle 2 merges ahead Vehicle 2 merges behind

Conflict Chart



Connectivity Enabled Decision Making

Vehicle 2 merges behind



Vehicle 2 merges ahead

Connectivity Enabled Decision Making



Conclusions

- High level societal goals can be turned into control objectives for CAVs

- Connectivity may help CAVs to achieve better performance and efficiency

- Safety may be ensured using barrier functions and conflict analysis
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