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• Object-centric representation is a paradigm that decomposes a scene into 
discrete, localized slots, enabling structured reasoning, compositionality, 
and generalization based on individual object properties and relationships. 

• Human perception understands scenes by decomposing them into time-
static object appearances and time-varying object motions.

• This object-centric approach offers a powerful inductive bias for such 
video prediction, enhancing accuracy and enabling precise modeling of 
complex physical interactions (e.g., collisions, freefall) that challenge 
general transformer-based models.

• However, existing object-centric models often overlook explicit motion 
dynamics in favor of preserving appearances, which limits their ability to 
capture complex interactions and maintain temporal consistency.

TL;DR

Motivation

ResultsMethod

OCK is built upon an autoregressive object-centric transformer, which uses 
two parallel encoding modules to predict future frames:
• Slot Encoder: We use SAVi1 model to extract permutation-invariant 

object slots 𝒮! from video frames, which capture object appearances.
• Kinematics Encoder: A CNN-based network extracts explicit object 

motion information named Object Kinematics 𝐊!, including position, 
velocity, and acceleration:

These features are subsequently fed into the OCK transformer. We 
introduce two alternative architectures:
• Joint-OCK: This model concatenates object slots and kinematics as a 

single input for a standard transformer.
• Cross-OCK: This model leverages the cross-attention mechanism with 

object slots act as queries and Object Kinematics as keys and values to 
enhance computational efficiency.

The model is trained in two steps: first by pretraining a SAVi model to 
decompose video frames into object slots, and second, by training the OCK 
model to predict future slots using a combined loss for both object and image 
reconstruction.

1 SAVi stands for Slot Attention for Video. See Kipf et al. 2021 for details.
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OCK is an object-centric video prediction model that leverages Object 
Kinematics to understand time-varying motion alongside time-static object 
appearance. By incorporating explicit kinematic attributes, OCK effectively 
models spatiotemporal object patterns, leading to superior generalization and 
more accurate long-term predictions in dynamic and complex scenarios.

Introduction

• We introduce Object-Centric Kinematics (OCK), a novel method that 
explicitly integrates object appearances and object kinematics.

• OCK's unique approach accurately models spatiotemporal interactions by 
leveraging object-centric motion attributes.

• By overcoming the limitations of models that rely solely on static visual 
attributes, our integrated approach achieves superior performance, 
particularly in complex and dynamic environments.
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