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Scenario Generation via SMT Problem
The original intention behind TSCs is to specify
what scenarios are to be realized. To get
concrete scenarios, TSCs can be transferred
into a satisfiability problem with a respected
SMT formula [1]. Each SMT solution is a
concrete scenario. Solving the SMT formula
multiple time is the basis to get various
scenarios. The respected simulation data can
serve as training base.
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Evaluation of Variation Methods
For evaluation, we compute the dynamic time
warping distance between traffic participants’
trajectories. Figure 2 shows the evaluation of
the distance between all models found. We
implemented and compared four variation
methods. For this example the recursive
blocking guided on invariant nodes finds
scenarios with the highest average distance.

Figure 2: Evolution of dynamic time warping between traffic 
participants‘ trajectories (© DLR e.V. ) 

Satisfiability Problem (SMT)

SMT Solving & Variation

• Solver seed variation
• Recursive blocking according to all_smt

algorithm from z3-solver [2]
• Along Random Terms
• Along Invariants A, B, C, D, E
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Synthetic Data Generation
For synthetic data, we generate 300 scenarios
with the recursive blocking method and
transferred them into the standardized
OpenSCENARIO and OpenDRIVE format for
simulation. Then we use CARLA to simulate the
scenarios and used the sensor setup from
Figure 3 to record the data. Our dataset
contains 300 GB with images from six cameras
(360° view) incl. related semantic & instance
segmentation, 2D & 3D bounding boxes as well
as depth maps and vehicle’s trajectories.

Figure 3: Sensor setup used for synthetic data generation with the CARLA simulation framework. We recorded data with six cameras for a 360° view 
with images with semantic & instance segmentation, bounding boxes and depth maps. (© DLR e.V. ) 
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Figure 1: TSC Depicting an Overtaking Scenario with Oncoming Traffic (© DLR e.V. ) 
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