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Conclusion

• Motion-based self-reflection framework to convert the semantic reflection 

of MLLMs into fine-grained robotic action correction.

• Propose dual-process motion adjustment mechanism and motion-

conditioned diffusion policy for action correction with motion instruction.

• Lifelong Learning for iterative self-improvement from interaction.

Motion-based Self-Reflection Framework Experiment Results

➢Does motion-based self-reflection method enhance action correction?

➢Could our method achieve lifelong learning from interaction?

➢Could our framework ensure robustness in real-world scenarios?

➢Could our method generalize across novel scenarios?
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Interaction

What should I do to correct the failure situat ion?

You need to insert the coffee pot to make coffee.

Sorry, I do not know how to insert the coffee
pot into the coffee machine.

To insert the coffee pot, you could first move
arm backward and then open the gripper.

PhoenixSure, I will generate corresponding act ion to
move arm backward and open the gripper.

Success: M ove arm backward and open the gripper
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Dual-process Motion Adjustment Mechanism

How to build a generalizable self-reflection framework for robots to learn recover from failures:

• Coarse-grained motion instruction as bridge to utilize the generalization ability of Multimodal Large Language Models

(MLLMs) from high-level semantic reflection to fine-grained robotic action correction.

• Motion-conditioned diffusion policy convert motion instruction into high-frequency, low-level robotic action correction.

• Lifelong learning process for iterative self-improvement through interactions.
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(b) M otion-conditioned Diffusion Policy(a) Dual-process M otion Adjustment M echanism

Task Description

Suppose you are the
robots to make coffee,

how to do it?

Observation

Input

To make coffee, I need to move arm upward with
gripper open. Is this motion correct?

Refined Interaction Trajectories

(c) Lifelong Learning
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Observation Refined M otion

move arm right with
gripper closed
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Correct
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The motion instruction cannot correct this failure.

Semantic Reflection: 
You need to insert coffee pot into coffee machine.

Motion Adjustment:
You should move arm right with gripper closed.

M otion Prediction M odule

M otion Correction M odule

I will combine the observation to consider whether
this motion instruction is correct. Decision M otion

move arm right with
gripper closed

Motion-based Self-Reflection Framework

Motion-conditioned Diffusion Policy

where 𝜋 denote the diffusion policy,ℳ is discriminative motion instruction

feature, 𝒪 is the observation feature, 𝒜0 represents the ground truth action.

Action Correction for Lifelong Learning

We equips MPM with motion prediction and failure correction 

capabilities through learning from refined interaction trajectory.

This process enhances our model to react quickly to the environment 

without human intervention and complex chain-of-thought.
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(c) Expert Demonstrations

We propose the diffusion policy for high-frequency robotic action prediction:

• Dual-process motion adjustment mechanism to ensure efficient 

motion prediction and comprehensive failure correction.

• Motion-conditioned diffusion policy for low-level action correction.

To equip MCM with  capabilities for failure detection and correction, 

we construct a comprehensive correction dataset:
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