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Self-Driving Cars

• Technologies have reached 
levels of sophistication that 
enable autonomous vehicles.

• By April 2014, Google’s self-
driving vehicles had logged 
more than 700,000 accident-
free miles.

• Tesla cars come with an 
autopilot that is a pre-cursor 
to autonomous driving and 
with the necessary hardware.
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Self-Driving Cars
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California PATH Project 1986



Self-Driving Cars – Pros 

• Less accidents (81% car crash human errors)

• Travel time can be made useful

• Self-driving cars in large number participate in 
platooning. Reduction of time and pollution.

• Possible higher speed limits.

• Lots of cars have first stage of self-driving cars: 
autonomous braking, self-parking, obstacle sensors

• Less parking structure and parking headaches

• Drunk driving incidents should decrease.

• … 
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Challenges
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Sensing surroundings

Unexpected Encounters

Human-Robot

Interaction

Ethical dilemmas

Cybersecurity



Skov

SELUXIT

Control Synthesis using UPPAAL

 …using symbolic methods 
and machine learning.

 Zone-based climate control
pig-stables 

 Profit-optimal, energy-aware
schedules for satelittes

 Personalized light control in 
home automation

 Energy- and comfort-optimal 
floor heating

 Adaptive cruise control
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Mathias G Sørensen

GOMSpaceSkov

UPPAAL Model



Synthesis of
SAFE & Adaptive Cruice Control
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Q1: Find a safety strategy for Ego such no crash will ever occur

no matter what Front is doing.

Q2: Find the optimal sub-strategy that will allow Ego to go as far 

as possible (without overtaking).

EGO FRONT



Two Player Game (simplified)
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SAFE Strategy
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SAFE Strategy (Code)
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SAFE Strategy
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OPTIMAL and SAFE Strategy
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Traffic Control
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Improved Detection
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Loop Induction (current)

Camera (future)



Intelligent Traffic Control
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Køge Kommune

Egedesvej/Nylandsvej



SUMO Simulation of Urban MObility
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Loop Induction vs UPPAAL
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1. The signal has two phases (A, B) 

2. The signal has an interval with yellow of 8 seconds when 

switching between the two phases. A green phase must 

always be min. 10 seconds,

3. The signal must always return to green in the direction A if 

there is no notification from direction B. (The signal has 

resting position in green in the direction A.).

4. The crossing loops in direction B notify/extend the green

time with 3.2 second when it is passed until a max extending 

time on 30 seconds is reached.

5. The presence loop in direction B notify/extend the green

time for direction B until a max extending time on 30 

seconds is reached.

6. If there is a notification from direction B the crossing loops 

in direction A will extend the green phase in direction A with 

3.2 second until a max green time of 60 second is reached.



Loop Induction vs UPPAAL
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Number of cars

waiting in each lane

(full information)

ONLINE Synthesis

• Identify optimal strategy up to horizon H=90sec.

• Strategy changes phase (at least 5 sec).

• Modelling of stochastic arrival of cars

in different directions (from 60-850 cars/hour)

• Minimize waiting time or jam (# of waiting >2sec)



Preliminary Results
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Nylandsvej

Køge

Scenario:

2 hours traffic

Kim Larsen [19]

SUMO /

UPPAAL 

co-(simulation/

synthesis)



Co-simulation

VISSEM / UPPAAL

SEE DEMO

Andreas & Mikkel
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Co-simulation

VISSEM / UPPAAL

SEE DEMO

Andreas & Mikkel
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THANKS!



Next Steps

• Validate experimental findings by co-
simulation with VISSEM

• Look at a variety of intersections in Aalborg 
(Hasseris –Vesterbro, Sygehus Syd)

• Synthesis of controllers for Green Flow.

• THANKS!
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