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Safety Control via Steering towards Safe Region



Linear Steering

+

Safe QAUnsafe QA E
n
co

d
e
r

D
e
co

d
e
r

 Han, Xu, Li, et al. (ACL 2024 Outstanding Paper)

Activation Addition
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a ã = a + v(a) ã



Linear Steering
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ODE-SteeringLinear Steering

How to find a good 

steering direction? 
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ODE-Steering

Modeling  as ODEa

a(0) a(T )
·a(t) = v(a(t))

Multi-Step
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ODE-Steering: Control Barrier Function

a(0) a(T )
·a(t) = v(a(t))
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If we can draw a safe boundary for a
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ODE-Steering: Control Barrier Function

If we can draw a safe boundary for a

a(0) a(T )
·a(t) = v(a(t))

safe

unsafe
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ODE-Steering: Control Barrier Function

a(0) a(T )
·a(t) = v(a(t))

safe

unsafe

How to learn the safe boundary  ?h
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ODE-Steering: Control Barrier Function

How to learn the safe boundary  ?h

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0

h : A → ℝ
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ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0

h : A → ℝ

Intervention / Velocity

·a = v(a)

How to learn the safe boundary  ?h

h : A → ℝ

ODE Trajectory

a
a(0)

ã = a(T )
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ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0

h : A → ℝ

Intervention / Velocity

How to learn the safe boundary  ?h

h : A → ℝ

Stay in

ODE Trajectory

a

Value On Boundary:

h(a) = 0
a(0)

ã = a(T )
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·a = v(a)
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How to learn the safe boundary  ?h

derivative

ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0

h : A → ℝ

ODE Trajectory

Intervention / Velocity

a

Value On Boundary:

h(a) = 0

h : A → ℝ

Derivative:

Stay in

a(0)

ã = a(T )
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·a = v(a) ∇h(a) v(a)
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ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0

h : A → ℝ

ODE Trajectory

Intervention / Velocity

a

Value On Boundary:

h(a) = 0

h : A → ℝ

How to learn the safe boundary  ?hStay in

a(0)

ã = a(T )
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Derivative:

·a = v(a)

derivative

∇h(a) v(a)
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ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0ODE Trajectory

a

Value On Boundary:

h(a) = 0

h : A → ℝ

∇h(a) v(a) + γh(a) ≥ 0, γ > 0

a(0)

ã = a(T )
Intervention / Velocity
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Derivative:

·a = v(a) ∇h(a) v(a)
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ODE-Steering: Control Barrier Function

Control Barrier Function

Safe Region

Unsafe Region h(a) < 0

h(a) ≥ 0ODE Trajectory

a

Value On Boundary:

h(a) = 0

h : A → ℝ

safe margin

a(0)

ã = a(T )
Intervention / Velocity
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Derivative:

·a = v(a)

∇h(a) v(a) + γh(a) ≥ 0, γ > 0

∇h(a) v(a)
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ODE-Steering: Control Barrier Function

Part II Controlling Behavior

∇h(a) v(a) + γh(a) ≥ 0, γ > 0
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What is to be learned?

v(a)
minimal intervention

h(a) > 0, ∀a ∈ C

positive region

s.t.

min

negative region

h(a) < 0, ∀a ∉ C

derivative 

∇h(a) v(a) + γh(a) ≥ 0, γ > 0
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Can it be learned via BloackBox Neural Network?
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Neural Network parameterize Control Barrier Function

v(a)
minimal intervention

h(a) > 0, ∀a ∈ C

positive region

s.t.

min

negative region

h(a) < 0, ∀a ∉ C

∇h(a) v(a) + γh(a) ≥ 0, γ > 0

derivative 
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Neural Network parameterize Control Barrier Function

v(a)
minimal intervention

h(a) > 0, ∀a ∈ C
positive region

s.t.

min

negative region

h(a) < 0, ∀a ∉ C

∇h(a) v(a) + γh(a) ≥ 0, γ > 0

derivative 
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ℒderiv =
1

N

N

∑
i=1

ReLU (ε − ∇hϕ(a(i)) vθ(a
(i)) − αhϕ(a(i)))

ℒctrl =
1

N

N

∑
i=1

vθ(a
(i))

2

2

ℒboundary =
1

N

N

∑
i=1

ReLU (ε − y(i)hϕ(a(i)))



Brute-force training Neural Network cannot work

Dataset: PKU-SafeRLHF (Classifier Accuracy: ~60%)  

Not separable
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Brute-force training Neural Network cannot work

Dataset: PKU-SafeRLHF (Classifier Accuracy: ~60%)  

What are Control Barrier Function parameterize?

Part II Controlling Behavior

Difference-in-Means [1] Linear Probe [2] Neural Network



Solution: Blackbox Parameterization → Principled Solution
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What is to be learned?

v(a)

h(a)
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What is to be learned?

h(a)Barrier FunctionSteering Vector v(a) = ∇h(a)
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The umbrella: All Steering is Barrier Function Design 

Difference-in-Means [1]

μ +

−

μ −
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h(a)Barrier FunctionSteering Vector

μ+ − μ
−

The umbrella: All Steering is Barrier Function Design 

v(a) = ∇h(a)

Difference-in-Means [1]
μ +

−
μ −
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The umbrella: All Steering is Barrier Function Design 

Difference-in-Means [1]
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Gaussian Assumption

h(a)Barrier Function
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The umbrella: All Steering is Barrier Function Design 

Linear Probe [2]Difference-in-Means [1]
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The umbrella: All Steering is Barrier Function Design 

v(a) = ∇h(a)
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The umbrella: All Steering is Barrier Function Design 

Linear Probe [2] Ours (Control Barrier Function)Difference-in-Means [1]
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Solution: Blackbox Parameterization → Principled Solution

Defining Barrier Function 

Positive Embedding 

Probability Density

Negative Embedding 

Probability Density
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Solution: Blackbox Parameterization → Principled Solution

Defining Barrier Function 

Positive Embedding 

Probability Density

Negative Embedding 

Probability Density
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ODE-Steering: Control Barrier Function

Truth

Fake 

Truthful QA SafeRLHF

Safe

Unsafe 

OpenVLA

Success 
Plan

Failure 
Plan 

RealToxicityPrompts

Toxic

Non-toxic 

+5.7% +2.5% +2.4%
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From “static models” to “dynamic control”
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Results towards Safe VLA

before steering after steering

（model: OpenVLA, dataset: LIBERO, ongoing）Part II Controlling Behavior Zhao, …, Li+, Shao+. ODE-Steer (ICLR 2026) 


