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Formal verification produces symbolic safety envelopes 
whose parameters are left unspecified for real-world use. We 
automatically tune those values by collecting driving data in 
CARLA under varied traffic, weather, and manual-control 
scenarios. This data-driven approach bridges the gap 
between formal models and simulator behavior, paving the 
way for integrated runtime-verification workflows.

• Validation: Simulation traces validate 
symbolic bounds under real-time 
control.

• Performance: Client FPS ~ 60, Server 
FPS ~ 30–35—enough for interactive 
tuning.

• Limitations: GPU/DirectX issues on 
Windows; topology; no pedestrian 
dynamics.

• Motivation: CPS need both symbolic safety 
guarantees and concrete parameter values

• Gap: KeYmaera X proofs yield parameters but 
can’t be tested “as is.”

• Goal: Leverage CARLA to gather traces and 
auto-tune.

• Traffic Generation: Spawned 30 cars + 10 pedestrians via 
Python API in Town10HD_Opt.

• Dynamic Weather: Ran dynamic_weather.py to cycle day⇄night, 
clouds, rain, wind.

• Manual Control: Drove via manual_control.py (pygame); logged 
speed & collision data.

• Scenic-Driven Scenarios: Formally 
define layouts, speed rules, and 
pedestrian behaviors in concise Scenic 
scripts.

• High-Volume Simulation: Use Scenic’s
samplers to spawn and run hundreds of 
CARLA tests automatically.

• Adaptive Envelope Tuning: Feed 
those traces back into the optimizer to 
refine control envelopes under multi-
agent, pedestrian-rich conditions.
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