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Automating analysis and processing of high resolution point 
clouds for the investigation of a paleontological oyster reef  

Abstract  

A wide range of sensors have been developed for the acquisition of point clouds to 
describe the three-dimensional (3D) structure of objects. Among them, terrestrial laser 
scanning (TLS) is the most convenient acquisition technique for the close range and millimeter 
scale point cloud acquisition. High-resolution point clouds have become a powerful data to 
create digital, millimeter scale surfaces, and detailed 3D models. Thus, the point clouds are 
being applied in various disciplines. These include natural heritage, and monitoring and 
mapping of geological paleontological sites. Point clouds have an advantage over images in 
digital documentation of the current status of fossils for digital archiving and geometry 
extraction as they capture their three-dimensional structure. Image data alone have 
limitations in cases where multiple fossils overlap each other, the objects have self-similarity, 
or the scene has protruding objects. Thus, the complex surrounding on the oyster reef and the 
self-similarity of the object rendered an automatic bundle block adjustment of the reef 
infeasible. A fossilized oyster reef is a good example of a densely packed environment, where 
making geometry estimations of curved objects becomes a complex and challenging task. 

This thesis presents how the point cloud processing techniques are applied on the world's 
largest fossilized oyster reef located in Stetten, Lower Austria. This densely packed shell bed 
formed about 16.5 million years ago in a tropical estuary. The original Magallana gryphoides 
oysters died exactly where they lived in their original environment, but they are not found 
consisting of both valves as it was in their original life structure. Instead, their single valves 
were scattered on a densely packed reef on the area of 459 m2. The paleontological site was 
excavated during field campaigns of the Natural History Museum Vienna between 2005 and 
2008. In 2014, a laser scanning and photogrammetric campaign was organized at the reef with 
the goal to digitize its contents. The large and complex site was digitally documented using a 
remotely controlled high-speed FARO Focus3D laser scanner and a Canon 60D camera with a 
Canon EF 20 mm f 2.8 lens. The 3D point clouds and high-resolution images from this field 
campaign were processed with photogrammetric methods into a digital surface model (DSM, 
1 mm resolution) and an orthophoto of 0.5 mm resolution to support the paleontological 
interpretation of the site.  

While the literature about the Early Miocene estuary is extensive, the knowledge about 
the fossil composition, taphonomy, size or orientation on the sites are limited. Thus, there 
exists an interest to test and try new techniques to document rare fossil objects to investigate 
such sites in effective, automatic and objective manner. Use of digital 3D point clouds provide 
a viable option for this and the interest towards them increased after the first published 
scientific contribution. Consequently, the research carried out in this thesis is of particular 
interest, because it aims to answer research questions which have aroused between studies 
of Photogrammetry and Geology. To answer these questions, the thesis proposes new 
methods that include developing a strategy for capturing irregular surfaces by high-resolution 
point clouds to detect outlines of shells, a method to count and detect the number of shells 



in the reef, and methods to estimate shell 3D length, to derive shell orientation, to estimate 
shell volumes, and to visualize and design thematic maps to improve interpretation work. The 
thesis also makes use of Geographic Information System (GIS) in reference data collection, 
and evaluation of the reliability of the automated processing results. 

The thesis presents the results of research that were evaluated in six original research and 
conference articles. All articles were subjected to a peer-review process and published in 
journals related to Earth Science topics, in an International Society of Photogrammetry and 
Remote Sensing (ISPRS) and AGILE GIS conference. Contributions I and II investigate research 
questions related to shell taphonomy, the estimation of shell number in the reef, and if the 
shell bed is formatted by a storm or a tsunami. Individual shell volume estimations were also 
considered as well as possible patterns in the distribution and composition of shells among 
two dataset transects on the reef (N–S, W–E). Contribution III describes the settings of data 
acquisition, data management and coordinate systems to digitize a large fossilized oyster reef. 
The study demonstrates the potential of high resolution 3D data and photographs by 
documenting an approach that outlines individual shells in a complex environment which is a 
crucial task to enumerate the shells in a paleontological site. Contribution IV examines the 
automatic determination of 3D orientations of fossilized oyster shells in a Cartesian coordinate 
system where they were represented as elongated objects whose rotation angles (roll, pitch, 
and yaw) were determined for an Earth Science application. The goal of the examination was 
to find out if the locations of strongly tilted oyster shells had a statistically significant 
correlation with the nearby fault lines present in the reef. The article V technically examines 
how to determine the 3D length of shells and demonstrates a method to automatically extract 
a 3D centerline from various shapes of fossilized oyster shells. Certain central line properties 
have direct relationship with the encrustation estimates. The article VI presents the first GIS 
database as an interface of a digital oyster reef and managing tool for a protected natural 
heritage site. 

The thesis contributions demonstrate that the terrestrial laser scanning point clouds are 
effective and convenient data sources to create millimeter scale models of paleontological 
sites. TLS provides accurate measurements of complex geometry objects such as fossilized 
oyster shells. The thesis focuses on investigating the ability and performance of laser scanning 
data in different modelling related tasks that include identification of fossil outlines, and 
determination of their size, orientation, volume, and other physical parameters which are 
required to make accurate paleontological interpretations. Thus, the thesis investigates 
photogrammetric methods that cover these requirements and provide results that can be 
readily visualized to support paleontological interpretations. The results considering the all 
evaluations ae also described. As an example of the developed methods, the thesis work 
contributed in preparation and publication of a comprehensive paleontological 3D dataset. 
The dataset documents the oyster reef with millimeter-resolution point clouds, digital surface 
models and orthophotos. The dataset provides an extensive testing ground for further method 
development in photogrammetry and computer vision communities, and it should help 
paleontologists in planning new data acquisition campaigns to make more accurate 
interpretations. 
 


