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Introduction
Contribution: The first model-free object tracking explicitly estimating the 
object 3D shape, texture, and 6DoF motion from RGB sequence.

Input: a video stream and segmentation masks
from a 2D tracker (processed causally).

Outputs: 
• Shape: 3D mesh with given topology
• Texture: deep S2DNet features to improve tracking robustness under view-

dependent illumination changes
• Motion: 6D pose in each frame
• Appearance and silhouette rendering (plays the role of       )

State-of-the-art visual tracking methods dominantly output only 2D 
segmentation masks or bounding boxes. 

Experiments

VOT/CDTB dataset: tracking-by-3d improves IoU of all trackers.

Dense long-term correspondences
on surface even after self-occlusion!

Coin tracking: we improve IoU
with a flat-object prior In
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given requires
Method AR" 3D model training

CosyPose-ECCV20-Synt+Real 82.3 yes yes
CDPNv2 BOP20-RGB 77.2 yes yes
CDPN BOP19-RGB 76.9 yes yes
Zhigang-CDPN-ICCV19 75.7 yes yes
Leaping from 2D to 6D-ECCVW20 75.1 yes yes
CosyPose-ECCV20-PBR 68.5 yes yes
CDPNv2 BOP20-PBR 58.8 yes yes
EPOS-BOP20-PBR 55.8 yes yes
Ours 54.5 no no

Pix2Pose-BOP20-ICCV19 42.0 yes yes
Sundermeyer-IJCV19 40.1 yes yes
Pix2Pose-BOP19-ICCV19 34.9 yes yes
SingleMultiPathEncoder-CVPR20 33.4 yes yes
DPOD (synthetic) 24.2 yes yes

Method IoU �

CSR-DCF 0.498 -
CSR-DCF + Ours 0.512 2.8 %

D3S 0.732 -
D3S + Ours 0.765 4.5 %

OSTrack 0.758 -
OSTrack + Ours 0.788 4.0 %

Method IoU �

Coin tracking 0.704 -
Ours (RGB feat.) 0.718 2.0 %
Ours (RGB feat., flat prior) 0.731 3.8 %
Ours (S2DNet feat.) 0.740 5.1 %
Ours (S2DNet feat., flat prior) 0.764 8.5 %

• Approximate 3D shape and 6DoF pose of the 
object are by-products of the proposed tracker.

• We use TUD-L dataset from the Benchmark for 6D 
Object Pose (BOP).

• Competitive with recent methods and the only one 
without the 3D model as input, neither at training 
nor test time.
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Method
Parameter estimation is driven by minimizing the discrepancy between 
the input video and a video re-rendered from the model, using 
differentiable rendering and backprop.

Losses: (indices of automatically selected keyframes )
• appearance rendering

• silhouette rendering

• shape, texture, and motion regularization
We minimize the loss with ADAM for each frame iteratively:
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Benchmark for 6DoF Object Pose

Input example Rendered appearance at keyframes

Input example Rendered appearance at keyframes
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