
Student: Burak Cuhadar

Student Number: 03720534

Advisor: Mariia Gladkova

Technische Universität München

TUM School of Computation, Information and Technology

Chair of Computer Vision

Munich, 21. March 2024

IDP: 3D MOT using Neural Radiance Fields



2Burak Cuhadar

Motivation
● Success of Radiance Fields methods: NeRFs, 3D Gaussian Splatting etc.
● Static scene assumption
● Dynamic scenes, individual objects
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Related Work: NeRF
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Related Work: NeRFs with Deformation Field
● works on monocular camera
● Deformation Field
● D-NeRF, Nerfies, HyperNeRF
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Related Work: NeRFs for Scene Decomposition
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Related Work: Neural Scene Graphs
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Related Work: Neural Scene Graphs



8Burak Cuhadar

Related Work: STaR
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Related Work
Dynamic Scenes Scene Decomposition Object Tracking 

NeRFs with deformation field:
D-NeRF, Nerfies, HyperNeRF ✓

NeRFs for Scene 
Decomposition: D2NeRF, 
EmerNeRF

✓ ✓

Neural Scene Graph ✓ ✓ ✓
(uses off-the-shelf 3D Tracker)

STaR ✓ ✓ ✓

● Ours:
○ Rigid object tracking
○ Supports multiple objects
○ Decomposes each object individually implicitly
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Method
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Method: Composition
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Method: Loss

●

●                                                                              where
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Method: Loss (from D2NeRF)
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Method: Optimization
● Rigid pose optimization with PyPose library
● Pose initialization

○ Translation noise ~ N(0,1)
○ Rotation noise around y-axis ~ N(π/32, π/16)

● 3-stage optimization:
○ Appearance Initialization 

■ until MSE loss of 9e-4 
○ Optimization for the first k frames

■ until MSE loss of 1e-3
○ Online training

■ until MSE loss of 1e-3 and minimum 70k iterations
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Dataset
● synthetic dataset using CARLA
● 50 views for training, 6 for validation, 12 for testing
● two datasets: one-vehicle(16 frames) and two-vehicle(12 frames)
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Experiments: Novel-View Synthesis
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Experiments: Novel-View Synthesis

Ground-Truth Ours Nerf-Time
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Experiments: Novel-View Synthesis

Ground-Truth Ours Nerf-Time
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Experiments: Novel-View Synthesis

Ground-Truth Ours Nerf-Time STaR
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Experiments: Novel-View Synthesis

Ground-Truth Ours Nerf-Time STaR
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Experiments: Pose Estimation
One-vehicle Dataset Two-vehicle Dataset
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Experiments: Pose Estimation

3D IOU:
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Experiments: Object Decomposition

G.T. RGB G.T. Mask Estimated Mask
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Experiments: Object Decomposition
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Experiments: Ablation Study
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Experiments: Ablation Study
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Conclusion
● Adapted NeRF for dynamic scenes with rigid objects
● Limitations: 

○ longer sequences 
○ fixed number of objects

● Future work:
○ real-world datasets
○ ego-vehicle camera
○ adapt to changing number of vehicles


