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How can we characterize and quantify a driving scenario?

How do we make this computationally tractable?

Use Parametric Signal Temporal Logic

Use computation graphs and off-the-shelf machine learning software



Driving scenario

Time-series data

Signal Temporal Logic

• Specification language
• Measure of satisfaction

Human 
domain-knowledge



STL grammar

Not And Or

Eventually Always Until Then



Evaluating STL formulas

Elementary 
operations 

Computation 
graphs

Robustness formulas



What if you do not know the formula precisely?
Use a template formula and learn the parameters



Parametric STL



PyTorch

Computation 
graph

Gradient 
descent

https://github.com/StanfordASL/stlcg

Smooth 
approximation of 

max and min

Backpropagation



Case Study



• STL can describe properties 
of time-series data

• Efficient way to evaluate the 
robustness of formulas using 
computation graphs

• Combine STL with existing 
frameworks
• Improve performance
• Enforce structure
• Ensure feasibility

Conclusions


