expObE: Accurate Initialization-Free Projective
Factorization using Exponential Regularization
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Proposed Method

Introduction and Motivation

To achieve robustness to lens distortion and to be able to optimize with
VarPro, we propose:

Structure-from-Motion consists of estimating 3D points and camera poses
from sets of 2D points tracked amongst several views.

e Objective function: Object Space Error with radial and tangential com-
ponents weighting (wOSE):
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Tuning o allows to model lens distortion:

— For o« = 0.5, wOSE is equivalent to OSE;

0} - — For a = 1, wOSE is equivalent to radial OSE in
) RpOSEL!:
45| | — Values between 0.5 and 1 allow trade-off between
Bundle adjustment (BA) is the preferred method to solve the problem PR 1 ,  the methods stability and accuracy.
, 1 (1:2) 5 |12 e Regularization: quadratic approximation of exponential regularization,
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but its non-convexity only guarantees convergence to nearest minimum.
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The proposed method consists of the following objective function and
quadratic optimization problem:

lexp =

Pseudo Object Space Error (pOSE) 1l has been suggested to obtain a good
approximate solution with VarPro 2] (2nd order method):
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— x| lexpost = (1 = N)lwose + Nlexp = min || A(P, X) - b|*
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which can be efficiently optimized with VarPro, while keeping a large
basin of convergence.

However, we observe that the affine regularization penalizes large depths
too much, and propose to use instead an exponential regularization.

Experimental Results

Use in Structure-from-Motion pipeline and compare against other factoriza-
tion methods (pOSE, RpOSE), with and without BA refinement.
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e L[ixponential regularization that penal

e Large basin of convergence, like pOSE

izes less large depths than pOSE

e OSE decomposed into radial and tangential terms enables robustness to

lens distortion

e Experimental results show that the proposed method results in more ac-

curate reconstructions
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