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ABSTRACT

Although high quality 3D representations of important cultural landmarks can be obtained via sophisti-
cated photogrammetric techniques, their demands in terms of resources and expertise pose limitations on 
the scale at which such approaches are used. In parallel, the proliferation of multimedia content posted 
online creates new possibilities in terms of the ways that such rich content can be leveraged, but only 
after addressing the significant challenges associated with this content, including its massive volume, 
unstructured nature, and noise. In this chapter, two strategies are proposed for using multimedia content 
for 3D reconstruction: an image-based approach that employs clustering techniques to eliminate outliers 
and a video-based approach that extracts key frames via a summarization technique. In both cases, the 
reduced and outlier-free image data set is used as input to a structure from motion framework for 3D 
reconstruction. The presented techniques are evaluated on the basis of the reconstruction of two world-
class cultural heritage monuments.
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INTRODUCTION

The free and online availability of large collections of images and videos located on distributed and 
heterogeneous platforms over the Web is one of the prominent characteristics of today’s digital era, 
reigned by the Internet, social media and powerful mobile devices. The abundance of shared photographs 
spurred the emergence of new image retrieval techniques based not only on images’ visual information, 
but also on geo-location tags and camera exif data. These massive visual collections provide a unique 
opportunity for urban areas and cultural heritage documentation and 3D reconstruction. The main chal-
lenge, nevertheless, is that Internet image datasets are unstructured containing many outliers. Therefore, 
content-based image filtering is necessary to discard image outliers that either confuse or significantly 
delay the employed 3D reconstruction frameworks, such as, for example, Structure from Motion (e.g. 
VisualSFM).

In contrast with sophisticated airborne and close range photogrammetric approaches, where 3D data 
acquisition is accomplished in a constrained environment using specialized equipment and sophisticated 
techniques, Web-based collections can be exploited for a much easier and more “user-friendly” cultural 
heritage e-documentation. However, the main difficulty in implementing a precise 3D reconstruction 
of an object from unstructured internet image collections (being captured for personal use instead of 
reconstruction purposes), is that there are usually several outliers in the set of retrieved data deteriorat-
ing both performance and computational cost. Consider, for example, a query containing the keywords 
“Acropolis, Parthenon.” As a response to that query, a large set of images are retrieved, which depict 
not only the Parthenon monument itself, but also the view of the city of Athens from the Acropolis hill 
or of people being photographed in the environment of the monument. These image outliers confuse 
any e-documentation algorithm. Although auto-generated geo-location tags can improve visual content 
characterization and therefore the retrieval performance, they suffer from low precision since geo-
information does not correctly describe what is actually depicted. While there exist 3D reconstruction 
algorithms, such as Structure from Motion (SfM), which demonstrate robustness against noisy data, their 
computational complexity significantly increases with respect to the number of input data. This makes 
direct implementation of such methods for large image volumes practically impossible. Therefore, in 
the cases where retrieved images are used as input, content-based filtering algorithms are necessary for 
an effective and computationally efficient 3D reconstruction exploiting distributed Web based image 
collections. Content-based filtering algorithms, apart from discarding image outliers, also organize the 
retrieved unstructured content into well-structured forms to optimize both 3D reconstruction performance 
and computational cost.

In more detail, the accuracy of 3D reconstruction over a given image dataset is inherently dependent 
on the number of images that will be fed as input to the Structure from Motion (SfM) scheme. Given 
an image dataset the best 3D reconstruction accuracy is achieved when all visually similar images are 
fed into a SfM method. One way to exploit all visually similar images is to give as input to the SfM 
method the entire image dataset. However, the time complexity for a typical incremental SfM method 
is of order where N stands for the number of images. This complexity makes SfM not scalable to large 
image collections. In order to decrease computational cost associated with 3D reconstruction, the initial 
image dataset can be pruned by removing outliers. When outliers’ removal process is very precise, dataset 
reduction does not affect reconstruction accuracy, since the relevant (reduced) dataset will contain only 
all visually similar images. Therefore, the metric that can be associated with reconstruction accuracy 
is the metric of recall. On the other hand, the reduction of SfM computational time is dependent on the 
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