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• 3D reconstruction of a non-rigidly deforming object using image feature

correspondences over multiple frames.

• Reinvestigate, improve and enhance the understanding and performance of the

classical non-rigid structure from motion factorization.

• Discover novel patterns for solving non-rigid structure from motion with

minimal assumptions. Not only for theoretical curiosity but also for practical

application.

• Conventional Deep neural network approaches has not shown remarkable

progress for this inverse problem.

• Evaluation of progress in non-rigid structure from motion since the seminal

matrix factorization work.

• The deforming shape lies in a low-rank space.

• Orthographic camera model.
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• A methodical approach for solving NRSfM that provides outstanding results

using simple matrix factorization under low-rank shape assumption.

• An approach that endorses the use of organic prior rather than extraneous priors

or assumptions. Our method introduce single rotation averaging to estimate better

rotation while being free from smooth camera motion heuristics.

• A different setup for low-rank shape optimization is proposed. We present a

blend of partial sum minimization of singular values theory and weighted nuclear

norm optimization for shape recovery. We observed that the proposed

optimization better exploits the introduced organic shape priors and yields shape

reconstruction superior to other NRSfM matrix factorization methods.

ORGANIC PRIORSORGANIC PRIORS

• Definition: Intermediate priors that reside in the factorized matrices, which are

the results of natural mathematical steps in NRSfM matrix factorization. Such

priors carry over within the intermediate factorized matrices, and its existence is

independent of camera motion and shape deformation type.

• For rotation estimation: column triplets in the correction matrix.

• For shape estimation: singular values in the initial pseudo inverse shape.

(a) 𝑒3𝐷 Performance Comparison on Motion Capture Dataset [3].

(c) Robust RMSE on NRSfM Challenge Dataset (Jensen et al. [5])

(b) 𝑒3𝐷 Performance Comparison on Garg et al. dense face sequence.

(a) Qualitative Results on Motion Capture Dataset [3].

(b) Qualitative Results on NRSfM Challenge Dataset (Jensen et al. [5])
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Single Rotation Averaging

• Recover 𝐆k ∈ ℝ3K×3 using svd(𝐐k) and its corresponding 𝐑k ∈ ℝ2F×3.

• Map 𝐑k ∈ ℝ2F×3 to 𝐑k ∈ ℝ3F×3 via cross product (correcting for sign).

• Register per frame rotation assuming 𝐑1 as the reference.

• Perform per frame single rotation averaging « Weiszfeld approach » to estimate rotation.

• Arrange the recovered rotation 𝐑avg ∈ ℝ3F×3 into block diagonal structure 𝐑 ∈ ℝ2F×3F.  

(a) Steps for rotation Estimation.

Rotation Estimation

Structure Estimation

minimize
𝐗, 𝐗#

1

2
| 𝐖 − 𝐑𝐗 |F

2 + 𝜇||𝐗#||∗,𝜃 subject to: 𝐗# = 𝛟(𝐗)

where, 𝜃𝑖 =
𝜉

𝜎𝑖 𝐗𝑖𝑛𝑖𝑡
# + 𝛾

; 𝜉, 𝛾 are small positive constant;

« Further Observation: First singular value of recovered 𝐗𝑖𝑛𝑖𝑡
# is generally good. »

Preserve it during minimization.

minimize
𝐗, 𝐗#

1

2
| 𝐖 − 𝐑𝐗 |F

2 + 𝜇||𝐗#||𝑟=1,𝜃 subject to: 𝐗# = 𝛟(𝐗)

Combination WNN [2] and PSVT minimization.

W = 𝐑𝐗; ෡𝐌෡𝐁 = 𝐟𝐚𝐜𝐭𝐨𝐫𝐢𝐳𝐞 𝐖 where, ෢𝐌 ∈ ℝ2F×3K, ෡𝐁 ∈ ℝ3K×P

Master Equation

𝐗𝑖𝑛𝑖𝑡 = pinv 𝐑 𝐖

*Note: Reference number present in the above tables can be traced from the paper’s main draft references. 


