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⚫Paper Name: OpenVLA: An Open-Source Vision-Language-Action Model

⚫Motivation
■ Existing VLA models are large (~55B parameters), closed-source, and lack fine-tuning studies
■ OpenVLA is 7B parameters, fully open-source, and supports efficient fine-tuning and 

quantization

⚫Key Results
■ Generalization: Outperforms RT-2-X (55B) by 16.5% on 29 tasks with fewer parameters
■ Fine-tuning: Fast adaptation to new setups with just 10–150 demos
■ Quantization: Reduce memory with minimal performance loss
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Generative Model Planner: Diffuser

⚫ Diffuser[1]
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[Diffuser Dynamics]

ሶ𝒙𝒊 = 𝐥𝐢𝐦
𝚫𝒙→𝟎

𝒙𝒊 − 𝒙𝒊+𝟏

𝚫𝒕

𝒊 + 𝟏 𝒊

* 𝑖 is denosing step.
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⚫ Def. Control affine system:
ሶ𝑥 = 𝑓 𝑥 + 𝑔 𝑥 𝑢

where 𝑥 is a state, 𝑢 is a control input, and 𝑓 and 𝑔 are locally Lipschitz continuous 
function that describe the system dynamics.

⚫ Def. Set Invariance:
A set 𝐶 ⊂ ℝ𝑛 is invariant if:

𝑥 0 ∈ 𝐶 → 𝑥 𝑡 ∈ 𝐶, ∀𝑡 ≥ 0
The system remain inside the set for all future time.
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⚫ Def. Safe Set:
Define a continuously differentiable function ℎ: ℝ𝑛 → ℝ

𝐶 = 𝑥 ∈ ℝ𝑛 ℎ 𝑥 ≥ 0}

ℎ 𝑥 = 𝑥 − 1
𝐶 = 𝑥 𝑥 ≥ 1}



Control Barrier Functions

⚫  The idea is to make sure that, over time, 𝒉(𝒙) doesn’t drop below zero. 
⚫ This means the system should stay within the safe set. To enforce this, this inequality 

should be satisfied:
ሶℎ 𝑥 = ∇𝑥ℎ ⋅ ሶ𝑥 ≥ −𝛼ℎ(𝑥)

where 𝛼 > 0.
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Example (the system is ሶ𝑥 = 𝑢, and choose 𝛼 = 1)
If the state is in unsafe set 𝐶𝑢𝑛𝑠𝑎𝑓𝑒 = 𝑥 ℎ 𝑥 < 0}:

ሶℎ 𝑥 = 1 ⋅ 𝑢 ≥ −ℎ(𝑥)

If the state is at the boundary 𝜕𝐶 = 𝑥 ℎ 𝑥 = 0}:
ሶℎ 𝑥 = 1 ⋅ 𝑢 ≥ 0

If the state is in safe set 𝐶′ = 𝑥 ℎ 𝑥 > 0}:
ሶℎ 𝑥 = 1 ⋅ 𝑢 ≥ −ℎ(𝑥)

ℎ 𝑥 = 𝑥 − 1
𝐶 = 𝑥 𝑥 ≥ 1}
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⚫ Goal: Design a control input 𝒖 that:
■ Keeps the system safe using a Control Barrier Function.
■ Follows a desired control input 𝑢𝑑𝑒𝑠 as closely as possible.

⚫Optimization: CBF-QP
min
𝑢

𝑢 − 𝑢𝑑𝑒𝑠 2

𝑠. 𝑡. ∇𝑥ℎ 𝑥 ⋅ 𝑢 + 𝛼ℎ 𝑥 ≥ 0

Safety Filter
(CBF-QP)

Diffuser

Diffuser is also single integrator system ( ሶ𝒙 = 𝒖)

𝒖𝒅𝒆𝒔 = 𝐥𝐢𝐦
𝚫𝒕→𝟎

𝒙𝒊 − 𝒙𝒊+𝟏

𝚫𝒕 𝒖

ሶ𝒙𝒊 = 𝐥𝐢𝐦
𝚫𝒕→𝟎

𝒙𝒊 − 𝒙𝒊+𝟏

𝚫𝒕
ሶ𝒙𝒊 = 𝒖



SafeDiffuser: Local Traps

⚫ Local traps occur when trajectories are safe but unable to reach the goal.
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SafeDiffuser: Local Traps

⚫They add relaxation term in the optimization problem, to allow the planner violates the 
safety constraint in the early phase of planning. 
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Constraint: ∇𝑥ℎ 𝑥 ⋅ 𝑢 + 𝛼ℎ 𝑥 ≥ −𝛿(𝑖)
𝑤ℎ𝑒𝑟𝑒 𝛿(𝑖) ≥ 0

Constraint: ∇𝑥ℎ 𝑥 ⋅ 𝑢 + 𝛼ℎ 𝑥 ≥ 0



SafeDiffuser: Local Traps

⚫Relaxed and time-varying SafeDiffuser help the planner escape local traps.
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min
𝑢,𝑟

𝑢 − 𝑢𝑑𝑒𝑠 2 + 𝑟 2

𝑠. 𝑡. ∇𝑥ℎ 𝑥 ⋅ 𝑢 + 𝛼ℎ 𝑥 ≥ −𝑤 𝑖 𝑟
ReS

(Relaxed SafeDiffuser):

min
𝑢

𝑢 − 𝑢𝑑𝑒𝑠 2

𝑠. 𝑡. ∇𝑥ℎ 𝑥 ⋅ 𝑢 + 𝛼ℎ 𝑥 ≥ −𝛼𝛾 𝑖 − ሶ𝛾(𝑖)
TVS

(Time-Varying SafeDiffuser):

violate constraints

Satisfy constraints



Experiment Results: Maze2D

⚫ Diffuser cannot generate safe path.
⚫ Basic SafeDiffuser can avoid safety constraints, but local traps occur.
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Diffuser SafeDiffuser: RoS
(Basic version - Local trap occurs)



Experiment Results: Maze2D

⚫ Relaxed SafeDiffuser and Time-varying SafeDiffuser can resolve local trap problems.
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Experiment Results: Maze2D 16

[ Results of SafeDiffuser ]



Experiment Results: Hopper 17

Hopper

Safe Hopper

[ Inference Result of SafeDiffuser[2] in Mujoco ]



Experiment Results: Walker2D 18

Walker2D

Safe Walker2D

[ Inference Result of SafeDiffuser[2] in Mujoco ]
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[ Results of SafeDiffuser ]
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