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Abstract 
 
In the course of the digitization of three-dimensional objects with great precision, data 
in hitherto unknown dimensions are amassed which have to be stored, processed and 
converted into information. 
 
1.  Introduction 
 
When developing requirements for future software systems for the processing of these 
very large data and data sets and the subsequent interpretation of the information 
(evaluation) at a high data processing speed and with minimum user interaction, 
companies and research groups are faced with the crucial question: 
Which relevant information can be extracted like from image data, so that this 
information represents a significant added value for users in a specific case? The 
question is aimed at presumed values that are dormant in data. The same question can 
also be asked in a cultural-historical context, but not with regards to an entrepreneurial, 
but to a cultural value. In order to make a significant contribution to the topics at hand, 
the Fraunhofer Big Picture project is investigating three use cases: 
  Sensor technologies and image processing for high-resolution measurements 

using inline CT on large-scale, safety-relevant cast components   Segmentation of volume data sets with limited image quality   Creation of virtual, natural replicas of cultural objects 
 

The focus of the research project therefore is not the generation of data, but the 
development of new methods of data processing and information retrieval in 
collaboration with industrial partners and experts from cultural heritage research. 
 
This extended abstract presents the three use cases and their challenges, first results of 
selected work packages are also shown. 
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2.  Three Use Cases 
 
2.1 Inline CT on large-scale, safety-relevant cast components 
Sensors and image processing are indispensable for high-resolution measurement 
technology by means of inline computed tomography on large-format, safety-relevant 
cast components for the automotive industry: 
This technology enables production-integrated 100% inspection of safety-related 
components such as cylinder heads, ensuring perfect product quality and safety. The 
project “BigPicture” aims to develop solutions that greatly enhance the applicability of 
this technology. 
 
2.2 Segmentation of volume data sets with limited image quality 
This reference application focuses on the processing and evaluation of single or few 
measurements. This mainly applies to applications in which the measuring process itself 
is already very complicated and expensive and is at or above the limit of the physically 
feasible, e.g. when scanning complete (crash) vehicles, freight containers or other larger 
and more complex unique items. The common goal of these applications is the 
metrological extraction of various component features such as surfaces, sizes, lengths, 
thicknesses, densities, statistical or morphological features, etc. The industrial relevance 
lies in the following areas:  Generating geometry information (reverse engineering)  Creating structural models for the simulation  Validation of structural models (analysis of crash vehicles)  Detection and identification of container contents (security) 
The size and complexity of scanned objects often results in artifacts (such as streaks or 
blurs) in the volume datasets. The challenge is a reliable, accurate and automatable 
segmentation, i.e. separation of individual components of the objects. 
 
2.3 Creation of virtual, natural replicas of cultural objects 
The digitization of cultural goods has a number of immediate benefits: digitized 
materials can be shared by scientists and worked on together independent of time and 
place. Tasks which usually suffer due to the lack of availability of the objects can be 
addressed this way including authentication, attribution, or generally discussing cultural 
issues. Digital copies permanently archive the state of a cultural asset at the time of 
digitization, independently of decay processes or damage, and thus secure it for 
posterity. Digital copies allow virtual exhibitions with comparably little effort and allow 
the production of copies, for example by 3D printing, which can also be borrowed from 
other museums and institutions. 
 
3.  Results of some selected work packages 
 
3.1 Data fusion  
We propose a method for an automatic fusion of multiple CT volumes from different 
positions to reduce metal artifacts, see figure 1. Based on the assumption that metal 
artifacts occur the most wherever X-rays are attenuated a lot, the unfiltered back 
projection is used to autonomously estimate the likelihood of metal artifacts in every 
voxel of every scan.  Using this information, the method fuses multiple scans to a 
volume with significantly less metal artifacts. 
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Figure 1. Two scans of an intervertebral disc implant at different positions (left) and the fused 
volume with less metal artifacts (right). 
 
 
3.2 Cloud CT 
A database design was performed, beginning with the creation of a list of all data that 
has to be stored permanently in the database. Based on this information, an entity-
relationship model was generated, which was then used for the definition of the 
individual database tables. Lastly, a navigation structure for the websites was 
established and website mockups were created. 
 
3.3 Virtual testing 
This research work aims at generating a model to support the decision which technology 
to use for inspection of components. We start by scanning 3D printed probes which then 
are used in tensile tests to gather material data that gets compared to data generated by 
FEM simulations based on the original scan data. This method can also be used to 
generate 'quality maps' of the probes. 
 
3.4 Compression based on wavelets 
Using tensor wavelets and global thresholding, we can denoise and compress volume 
data in linear time. Moreover, we can identify voxels on the surfaces of objects 
contained in the given volume by analyzing the wavelet detail coefficients, see figure 2. 
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Figure 2. The first iteration of a Tensor-Haar wavelet-transformation. CT-data of a piston. 
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