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Abstract

In this thesis we address the problem of large-scale Structure-from-Motion (SfM) using
a large set of images. The images required for Structure-from-Motion can be acquired
from a site or can be downloaded from websites like Flickr [28]. Apart from visualiza-
tion, 3D structure and camera locations obtained from SfM is also useful for a variety

of applications like autonomous navigation of robots, augmented reality etc.

In Structure-from-Motion, we recover both 3D structure and camera motion param-
eters by minimizing the reprojection error through bundle adjustment. Incremental StM
uses bundle adjustment by seeding the reconstruction using two images and then adds
cameras incrementally into the existing reconstruction. Despite significant advances in
incremental SfM techniques, such pipelines suffer from several problems. Apart from re-
quiring significant computational power to solve the large-scale computations involved,
such techniques often fail to correctly reconstruct a scene when the accumulated error
due to drift is large or produce partial reconstruction when the number of 3D to 2D cor-
respondences are insufficient for adding new cameras into the existing reconstruction.
Moreover, such methods are precisely dependent on the initial seed pair.

As opposed to incremental methods, global STM methods compute 3D structure and
camera motions for all the images in a set simultaneously. Such methods require a good
initialization for all the camera parameters and the 3D structure for bundle adjustment.

To this end, these methods use motion averaging techniques to solve for global camera



motions from pairwise epipolar geometry estimates followed by the multi-view trian-
gulation methods to compute the initial 3D structure. Then global bundle adjustment
refines the initial 3D structure and the camera motion parameters simultaneously by
minimizing reprojection errors. However, obtaining good initialization for global cam-
era motion parameters using only pairwise epipolar relationships for large number of
images (~ 30K images) is difficult due to noise present in pairwise epipolar geometry
estimates. Thus, incremental methods and global approaches define two prototypical
extreme solutions towards the large-scale StM with their own set of problems.

In this thesis, we propose a divide and conquer based Structure-from-Motion pipeline
where the entire corpus of images is partitioned into clusters such that the images within
a cluster are related to each other by dint of their viewing common parts of the 3D
scene. Such an approach drastically reduces the computational load for matching im-
age pairs without compromising accuracy. It also makes the resulting SfM problems
well-conditioned. We solve the SfM problem in each cluster using motion averaging
followed by global bundle adjustment. As each cluster is reconstructed independently,
they may not share common 3D points to merge two reconstructions in a common
frame of reference. Hence, we also propose a method for registering these individual re-
constructions using the available epipolar relationships only that connect images across
clusters. Our 3D registration or alignment technique works well even when the avail-
able camera-point relationships are poorly conditioned. We also selectively apply a step
of global bundle adjustment on the combined clusters after successive merging. The
overall result is a robust, accurate and efficient pipeline for large-scale StM. We present
extensive experimental results that demonstrate these attributes of our pipeline on a
number of large-scale, real-world publicly available datasets and compare our method

with the state-of-the-art. !

IThe code is available at https://github.com/IITD-COMPUTER-VISION-GROUP/Isfm
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