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3D Novel View Synthesis



Continuous camera positions



Filter subspace modeling of 3D Camera space

• Camera positions lie on a spherical 
world space.

• Spherical world space can be 
represented by azimuthal (Φ) and 
polar angle (Θ).

• For each polar angle (Θ), there can 
be infinite options for azimuthal (Φ) 
angles.



Filter subspace modeling of 3D Camera space

LxLxCxC’ convolutional layer is decomposed into the 

product of m bases of size LxL

Atoms CoefficientsConv Filter

Ψ 𝛼

Decompose filter weights 𝑊 over filter atoms Ψ
and coefficients 𝛼.

Qiu, Qiang, Xiuyuan Cheng, and Guillermo Sapiro. "DCFNet: Deep neural network with decomposed convolutional filters." International Conference on Machine Learning. 
PMLR, 2018.



Filter subspace modeling of 3D Camera space

Embedding spherical camera world space 
into filter subspace

• Generate different sets of filter atoms 
according to ODE function 𝑓.

• Filter atoms can cover whole spherical 
camera space.



• Embedding spherical camera world 
space into filter subspace.

• Condition initial condition of ODE
with polar angle (Θ), [0, 180°] .

• For each initial state, evolve ODE 
according to different azimuthal (Φ) 
angles [0, 360°] .

• Generate different sets of filter 
atoms according to Θ and Φ.

Filter subspace modeling of 3D Camera space



Overview



Geometry-aware Filter Subspace for Single-View 3D Reconstruction

Filter subspace modeling of 3D Camera space

• Continuity Propagation - Variations in the 3D reconstructions results of our networks are 

upper bounded by the variations in input view-points through Lipshitz continuity
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Rendering Results from different inputs

Inconsistency in 3D reconstruction across different input views

Single-view 
Inputs



View consistency for different input single view images



Results



Improved results in view extrapolation/interpolations
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