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TL;DR: We propose a practical
algorithm for safe sim-to-real
transfer

Problem Setting 🕷
Real: max 𝔼𝜋,𝑝⋆[∑∞

𝑡=0 𝛾𝑡𝑟(𝑠𝑡, 𝑎𝑡)]⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝐽𝑝⋆(𝜋)

s.t. 𝔼𝜋,𝑝⋆[∑∞
𝑡=0 𝛾𝑡𝑐(𝑠𝑡, 𝑎𝑡)]⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝐶𝑝⋆(𝜋)

≤ 𝑑

with 𝑝⋆ being the true dynamics.

Simulator: 𝑠𝑡+1 ∼ 𝑝𝜉(𝑠𝑡+1 | 𝑠𝑡, 𝑎𝑡), 𝜉 ∈ Ξ ⊂ ℝ𝑑𝜉 , 𝜉 ∼i.i.d 𝜇.

Sim-to-real gap: the worst-case 𝐿1 Wasserstein distance
max𝜉∈Ξ 𝐷𝑊 (𝑝𝜉, 𝑝⋆) is bounded.

Task: find a policy 𝜋 that satisfies 𝐶𝑝⋆(𝜋) ≤ 𝑑 only by interacting
with simulated environments 𝑝𝜉, 𝜉 ∼i.i.d 𝜇.

How to find a policy that satisfies the constraints without ever
interacting with the real world?

Domain Randomization is Not Safe 🕷
Apply the simulation lemma:
𝐶𝑝⋆(𝜋) ≤ 𝔼𝜉∼𝜇𝐶𝑝̂𝜉

(𝜋)⏟⏟⏟⏟⏟
Constraint in simulation

+ 𝔼𝜉∼𝜇[𝔼(𝑠,𝑎)∼𝑑𝑝̂𝜉,𝜋
[𝛾𝐿𝐶

1−𝛾 𝐷𝑊(𝑝̂𝜉,𝑝⋆)(𝑠, 𝑎)]]

Reduction to penalized CMDPs:

𝑐(𝑠, 𝑎) = 𝑐(𝑠, 𝑎) + 𝛾𝐿𝐶
1 − 𝛾

max
𝜉∈Ξ

𝐷𝑊 (𝑝𝜉, 𝑝⋆)(𝑠, 𝑎)
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

penaltySolve in simulation:

max
𝜋∈Π

𝔼𝜉∼𝜇𝐽𝑝̂𝜉
(𝜋) s.t. 𝔼𝜉∼𝜇𝐶𝑝̂𝜉

(𝜋) ≤ 𝑑

Estimating the Penalty 🕷

Key Idea: ensemble disagreement is a good heuristic.

Safety is Maintained Zero-Shot! 🕷

Does it work? Yes.
Check out videos @ yardenas.github.io/spidr

Extensive Evaluation 🕷

Fast Runtime 🚀

SPiDR Scales to Vision Control 🕷

Trick: compute disagreement on privileged state information,
not directly on images.

Read the paper for a deeper dive into why it works and for more experiments
Open-source implementation @ https://github.com/yardenas/safe-learning

https://github.com/yardenas/safe-learning
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