
R.D 1 R.D 2 R.D 3 Applications

Formal Verification of Neural ODE for Safety
Evaluation in Autonomous Vehicles

Abdelrahman Sayed Sayed
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R.D 1: Formal relations between discrete and
continuous neural models
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Error Bounding

Rigorous error bound (ε) between neural ODE and ResNet
Tighter Ωε < 16 million times×SOTA
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Verification Proxy

Verifying neural ODE based on ResNet
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Verification Proxy

Verifying ResNet based on neural ODE
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R.D 2: Reachability Analysis of neural ODE
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Reachability Approaches

Tools: CORA (zonotopes) - NNV2.0 (star-sets) - TIRA (intervals)

Methods: Continuous-Time Mixed Monotonicity and Sampled-Data
Mixed Monotonicity

Approaches: Single-step - Incremental - Boundary
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Reachability Approaches

Sound over-approximations, albeit at the cost of tightness
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R.D 3: Verification toolbox for neural ODE
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Iterative refinement

Falsified case

Abdelrahman Sayed (Univ Gustave Eiffel) Formal Verification of Neural ODE AAAI DC 2026 9 / 13



R.D 1 R.D 2 R.D 3 Applications

Iterative refinement

Refined case
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Autonomous Underwater Vehicles (AUV)

Robustness Verification for ROI from in situ images

neural ODE

Verifier

Copepods Bubbles
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Thank You!
Questions? ⇒ Poster WS57

Contact: abdelrahman.ibrahim@univ-eiffel.fr
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