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Moving Camera, Known SfM Pose

Dynamic Scene

Moving Camera, Unknown Pose

Static Scene
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The YCB Object and Model Set: Towards Common Benchmarks for Manipulation Research (ICAR 2015)
OnePose: One-Shot Object Pose Estimation without CAD Models (CVPR 2022)

Controlled Laboratory Constrained Real-world Unconstrained Real-world

Towards Unconstrained Assumption-Free Object Perception

HOT3D: Hand and Object Tracking in 3D from Egocentric Multi-View Videos

Ego-centric Captures

Autonomous Robots Perception



Is Large Generative Model the Solution to Object Perception?

Single Image 3D Geometry & Texture

Model

Feed-forward Model

Hunyuan3D 2.0: Scaling Diffusion Models for High Resolution Textured 3D Assets Generation
TRELLIS: Structured 3D Latents for Scalable and Versatile 3D Generation

Enabled by large-scale object-level priors & use Hallucination as a feature

e.g. TRELLIS, Hunyuan3D



Enabled by Large-scale trained priors & use Hallucination as a feature

•  Great for 3D asset creation, but not for real-time perception

•  Performs poorly for out-of-domain objects

•  Not applicable to real-time agents in dynamic environments

How might we enable object perception for autonomous agents?

How might we perceive physical objects naturally and continuously?

Hunyuan3D 2.0: Scaling Diffusion Models for High Resolution Textured 3D Assets Generation
TRELLIS: Structured 3D Latents for Scalable and Versatile 3D Generation

Is Large Generative Model the Solution to Object Perception?



Recent Advances in Feed-forward RGB-only Reconstruction

VGGTFreeSplatter

FreeSplatter: Pose-free Gaussian Splatting for Sparse-view 3D Reconstruction (ICCV 2025)

VGGT: Visual Geometry Grounded Transformer (CVPR 2025)

Pixel-align Gaussian Prediction Pixel-align Points Prediction

Enabled by large-scale learned capability to match and reason in pixel & 3D space



Pose-Free Online Free-MovingRGB for3D Reconstruction Objects

Towards using video stream to reconstruct objects on-the-fly

Towards using only monocular RGB frames as inputs

Removing the requirement for using camera poses as input

Alleviate the constraints of object placement & movements

No Camera Pose

No Depth Sensor

No Pre-capturing

No Static Assumption

Eliminating constraints & assumptions 

Bring offline reconstruction to online

Unlock data in-the-wild

Unlock real-time experience

Our Work



OnlineSplatter: Pose-Free Online 3D Reconstruction for Free-Moving Objects 

Overall Pipeline of OnlineSplatter



Overall Pipeline of OnlineSplatter

OnlineSplatter: Pose-Free Online 3D Reconstruction for Free-Moving Objects 



Dual-Key Spatial Object Memory Insertion and Readout



Dual-Key Spatial Object Memory Insertion and Readout



It is a Pretty Difficult Task

Free-Moving Object Reconstruction and Pose Estimation with Virtual Camera (AAAI 2025)

BundleSDF: Neural 6-DoF Tracking and 3D Reconstruction of Unknown Objects (CVPR 2023)

3D Gaussian Splatting for Real-Time Radiance Field Rendering (SIGGRAPH 2023)

Structure-from-Motion Revisited (CVPR 2016)

Fast3R: Towards 3D Reconstruction of 1000+ Images in One Forward Pass (CVPR 2025)

InstantMesh: Efficient 3D Mesh Generation from a Single Image with Sparse-view Large Reconstruction Models (2024)

VGGT: Visual Geometry Grounded Transformer (CVPR 2025)

Many classical and latest methods fails



Quantitative and Qualitative Results



Future Works

•Feedforward Model + Real-time Lightweight Optimization 

•Pose-free Training 

•Non-rigid Object On-the-fly Reconstruction 

•Hybrid Object Representation



Concurrent Works Exploring Stateful Continuous Reconstruction 

•CUT3R: Continuous 3D Perception Model with Persistent State 

•TTT3R: 3D Reconstruction as Test-Time Training



markhh.com/OnlineSplatter


