


https://www.youtube.com/watch?v=R-Fco_cevfc&t=68s



https://www.youtube.com/watch?v=GGzIgjxJuo8&t=19s





Serve the cup of 
water to the guest.

User



𝜋(𝑎𝑡:𝑡+𝑇 ∣ 𝑜𝑡)

[Chi et al. Diffusion Policy, IJRR 2023]



𝜋(𝑎𝑡:𝑡+𝑇 ∣ 𝑜𝑡)

But not all sampled actions result in the same task performance! 

Serve the cup of 
water to the guest.

User



First mode  𝑎𝑡:𝑡+𝑇 
1  is successful

Serve the cup of 
water to the guest.

User



Second mode  𝑎𝑡:𝑡+𝑇 
2  is misaligned

Contaminates the 
inside of cup!

Serve the cup of 
water to the guest.

User



Third mode  𝑎𝑡:𝑡+𝑇 
3  is task failure

Cup is 
knocked down

Serve the cup of 
water to the guest.

User



The base policy may already contain the “right” 
behavior mode within its distribution….

…but we need to verify that the robot’s sampled 
action plan will lead to “good” outcomes 
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Problem Formulation: 
Policy Steering as Model Predictive Control

ℓ = Serve the cup of 
water to the guest.
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outcome 
prediction

verification

How do we solve this tractably?



world model 
for outcome 
prediction
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Key Idea: 
Reason about outcomes in a world 

model’s latent state representation…



world model 
for outcome 
prediction

latent-
aligned VLM 
for verification

ℓ = Serve the cup of 
water to the guest.
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…and align a VLM to directly reason 
on the latent states for evaluation
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𝔼𝒛𝑡~𝑓𝜙(𝑧𝑡,𝐚𝑡) 𝑅𝜓

VLM(𝒛𝑡; ℓ)

Key Idea: 
Reason about outcomes in a world 

model’s latent state representation…
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VLM-in-the-Loop 
Policy Steering

[Y. Wu, R. Tian, G. Swamy, A. Bajcsy. “VLM-in-the-loop Policy Steering via Latent Alignment.” RSS, 2025.]
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Policy Steering

Decoded Imagination 
(Visualization Only!)
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Pass predicted latent states 
to a latent-aligned VLM
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VLM-in-the-Loop 
Policy Steering
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Pass predicted latent states 
to a latent-aligned VLM

We pose a latent-text alignment problem, 
fine-tuning this model via a visual Q&A task

Intuition: VLM describes in text what is going 
on in the latent state
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Pass predicted latent states 
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Prompt: The robot aims to grasp a cup from the 
table. Please provide a sentence that best describes 
the robot’s behavior. <Latent Token> ×  𝑇

The robot seizes the cup through its interior.

The robot fails to achieve a secure grasp on the cup.

The robot attempts to grasp the cup via the handle.
Behavior Narrations:

Prompt: Now the robot need to serve the cup of water 
to the guest. Please select the best action plan 
…[omitted] {𝐁𝐞𝐡𝐚𝐯𝐢𝐨𝐫 𝐍𝐚𝐫𝐫𝐚𝐭𝐢𝐨𝐧} ×  𝐾

Plan Selection: 
The chosen mode is 1 because it is 
the most suitable way to serve the 
cup to the guest without spilling or 
contaminating the drinks.

Outcome Decoding & Policy Steering

⋯

VLM 
Verification 
& Reasoner 

ℓ = Serve the cup of 
water to the guest.



ℓ = The handle is 
covered in oil! User

With our policy steering, correct mode is selected

ℓ = Serve the cup of 
water to the guest.

User

Novel Task Description

even with new task description 



ℓ = Maximize stability 
without dropping bag. 

User

ℓ = Avoid crushing 
contents inside. 

User

Novel Task Description



ℓ = Place the fork in the bowl 
while maintaining sanitation.

User
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Robot

Prompt: The robot aims to grasp the fork from 

the table. Please provide a sentence that best 

describes the robot’s behavior. 

<latent token> ×  𝑇

The robot grasps the fork via the handle.

The robot grasps the cup with the tines.

The robot fails to grasp the fork.

…

FOREWARN: the chosen mode is 

3 because it fulfills the task condition 

of maintaining sanitation without 

touching the tines of the fork. 

Prompt: Now the robot needs to maintain the 

sanitation of the fork for eatting. Please select 

the best action plan based on behavior 

descriptions.{Behavior Narration}  ×  𝐾

Long-horizon task



Robot

Prompt: The robot aims to place the fork in the 

bowl. Please provide a sentence that best 

describes the robot’s behavior.

<latent token> ×  𝑇

The robot drops the fork outside the bowl.

The robot fails to place the fork inside bowl.

The robot releases the fork inside the bowl.

…

FOREWARN: the chosen mode is 2 

because it is the only option that 

places the fork to the bowl and 

maintain sanitation. 

Prompt: Now the robot need to maintain the 

sanitation of the fork for eatting. Please select 

the best action plan based on behavior 

descriptions.{Behavior Narration}  ×  𝐾
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ℓ = Place the fork in the bowl 
while maintaining sanitation.

User

Long-horizon task



Quantitative Results: Policy Steering Performance 

Directly fine-tune the original Llama model 

to take as input (𝐚𝑡
𝑖 , 𝑜𝑡) and predict behavior 

narrations without utilizing a world model.

20 trials on hardware

[Y. Wu, R. Tian, G. Swamy, A. Bajcsy. “VLM-in-the-loop Policy Steering via Latent Alignment.” arXiv, 2025.]



Qualitative Results: Behavior Narration 

VLM-Act: The robot attempts to grab the mug by its handle. VLM-Act: The robot holds the chip bag by the corner. 

Ours: The robot grips the chip bag directly in the middle.Ours: The robot works on seizing the cup through its interior.

Ground-truth observations

VLM-Act struggles to capture accurate motion details and 
thus provides no useful signal for VLM to steer the policy.

[Y. Wu, R. Tian, G. Swamy, A. Bajcsy. “VLM-in-the-loop Policy Steering via Latent Alignment.” arXiv, 2025.]
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