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Background

The intrinsic dynamics governs how an object 
deforms and evolves under external forces.

It includes:
• material properties (e.g., stiffness, density)
• constitutive laws that describe stress–strain 

responses

Why do objects move so differently?

Elasticity Plasticity

Sand Newtonian

For physics-driven 4D interaction, accurately 
modeling intrinsic dynamics is essential for 
realistic simulation.

However, current 4D interaction generation relies 
on manually specified intrinsic dynamics.
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Motivation

Human Abilities

......

Observation New Scenarios Prediction

......

Human’s Intuitive Physics

Humans can intuitively infer the underlying 
dynamics of an object from its observed motion

Humans can further generalize this dynamics 
understanding to new scenarios 

can we enable machines to infer the intrinsic dynamics directly from visual observations, as humans do?
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Motivation

Intrinsic Dynamics Inference from Vision

Visual 
Observa-on

Corotated 
Elas-city

❄

Material Property: 𝑬, 𝝆, 𝜼
🔥

🔥
Neural 

Elastic Law

Identity 
Plasticity

❄

Manually Defined 
Cons/tu/ve Laws

Neural 
Plastic Law

Supervise

Render

Supervise

Render

Method 2: Constitutive Law Inference

Method 1: Material Parameter Estimation Method 1

Method 2

Ø Estimate material parameters with predefined 
constitutive laws by the supervision of videos

Ø Learns neural constitutive laws from visual observations

• Fail to align with the complex physical behaviors 
observed in practice, thereby compromising the 
accuracy of parameter estimation

• The learned laws are black-box and lack 
interpretability

• Tend to overfit observations rather than modeling
the true underlying dynamics.
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Methodology

Core Idea:
We propose an interpretable intrinsic dynamics inference framework based on bilevel optimization, which 
can jointly infer symbolic constitutive laws and their corresponding continuous material properties solely 
from visual observations

LLMs
Thinker

Elas%city Laws

Plasticity Laws

Visual 
Observation

Intrinsic Dynamics

MPM 
Simulator

You are a thinker. Please 
complete the generation 
and correction of the 
constitutive law.

Feedback

Upper-level Constitutive Evolution

Lower-level Constitutive Evaluation

1) unleashes the capabilities of LLMs to generate and refine 
symbolic constitutive hypotheses
2) introduces a decoupling mechanism to effectively alleviate 
the search space explosion caused by jointly evolving elastic 
and plastic components

1) optimizes the continuous material parameters of a given 
constitutive law under visual supervision
2) provides evaluation and feedback on how well the candidate 
matches the ground-truth intrinsic dynamics 
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Methodology

Framework of VisionLaw
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Experiments

Comparison on Synthetic and Real-World Datasets

Experimental Conclusions: 
These results show that our method can more accurately recover the intrinsic dynamics from visual observations 
while maintaining interpretability
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Experiments

Generalization Analysis

Experimental Conclusions: 

Ø These results show that the intrinsic 
dynamics inferred by VisionLaw can 
be transferred to unseen 
observations and novel scenarios.

Ø These results further demonstrates that 
our method learns transferable and 
physically meaningful dynamics, rather 
than merely fitting the observed 
motion.
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Experiments

Ablation on Decoupled Evolution Strategy

Conclusion:
These results show that the proposed decoupled evolution strategy significantly improves 
the quality and stability of constitutive law discovery.
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Conclusion

Ø We propose a bilevel optimization framework that unifies constitutive evolution and 
visionguided constitutive evaluation, achieving the inference of symbolic constitutive laws and 
material parameters from visual observations.

Ø We introduce physical inductive biases through LLMs to guide the evolution of constitutive 
laws. In addition, a decoupled evolution strategy is proposed to markedly improve both search 
efficiency and solution quality.

Ø Extensive experiments on both synthetic and real-world datasets demonstrate that our method 
effectively captures the interpretable intrinsic dynamics underlying visual observations and 
generalizes them to novel scenarios for 4D interaction.

Conclusion



Presenter Name:  Qingyuan Zeng

Ask, Attend, Attack: An Effective Decision-Based Black-Box 
Targeted Attack for Image-to-Text Models

Qingyuan Zeng1, Zhenzhong Wang2, Yiu-ming Zhang3, Min Jiang4,*

Institute of Artificial Intelligence, Xiamen University1

Department of Computing, The Hong Kong Polytechnic University2

Department of Computer Science, Hong Kong Baptist University3

School of Informatics, Xiamen University4

NeurIPS 2024

The corresponding author*: Min Jiang, minjiang@xmu.edu.cn 
1

Thank you for your attention !
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