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New Benchmark: DynSuperCLEVR Model: NS-4DPhysics Benchmark Results

(a) 3D neural mesh model which 
use render-and-compare to 
estimate 6D poses.

(b) Trained by aligning 3D-rendered 
features with 2D image features, 
enabling inference of object 
pose and category via render-
and-compare.

Benchmark Spec.
(a) We use the 21 3D object meshes and generate more realistic 

textures for different colors. 
(b) Annotations includes static and dynamic properties for objects 

and collision events. Specifically, we study the 3D velocities, 
accelerations and the collisions in 3D spaces. 

(c) Three question types cover the factual questions, predictive 
questions and counterfactual questions. Each question has new 
operation programs for 4D dynamic properties reasoning.

A Video question answering dataset over the 4D dynamics 
properties of objects  (velocity, acceleration) 
and their interactions (collisions)

A neural-symbolic model on 4D scene representation with physical prior. 
The pipeline is below:
(1) 3D scene parser: Videos       4D scene representation
(2) Question parser: Questions Programs
(3) Program executor: 4D scene representations + programs      Answer

3D scene parser
(c) Inference time: Integrating discriminative            
physical engine output as physical prior

(i) Physical prior compute from previous state
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(ii) Neural mesh model with differentiable rendering

(iii) Analysis by synthesis 

3D scene parser

Performance on the DynSuperCLEVR testing split for each 
question type: factual, predictive, and counterfactual. 
Factual questions are further divided into sub-types: Velocity, 
Acceleration, and Collision, with "All" representing overall 
accuracy. The average is taken as the overall accuracy across the 
three question types.†

Ablation Study

Visualization

(1) Compare 4D Representation: with or without physical prior) :(i) and (ii)
(2) Compare Reasoning strategy: symbolic reasoning and GPT4o (i) and (iii)

Predictive question PLLaVA failure example


