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Accurate and Reliable Extraction of Surfaces from Image Data
using a multi-dimensional Uncertainty Model

Christina Gillmann®, Thomas Wischgoll?, Bernd Hamann®, Hans Hagen*

Abstract

Surface extraction is an important step in the image processing pipeline to estimate the size,and shape of an object.
Unfortunately, state of the art surface extraction algorithms form a straight forward extraction based on a pre-defined
value that can lead to surfaces, that are not accurate. Furthermore, most isosurface extractiomalgorithms lack the ability
to communicate uncertainty originating from the image data. This can lead to a rejection of sueh algorithms in many
applications. To solve this problem, we propose a methodology to extract and optimizesurfaces from image data based
on a defined uncertainty model. To identify optimal parameters, the presented méthod defines a parameter space that
is evaluated and rates each extraction run based on the remaining surface uncertainty. | The resulting surfaces can be
explored intuitively in an interactive framework. We applied our methodology to amvariety of datasets to demonstrate
the quality of the resulting surfaces.
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1. Introduction quantify the uncertainty of each image pixel as a multi-
dimensipnal vector. This uncertainty space is utilized to
s Optimize an initially extracted surfaces such that the re-
maining surface uncertainty becomes minimal. Therefore,
the presented method evaluates a high-dimensional pa-
rameter space, performs multiple surfaces optimizations
and rates the resulting surfaces to present the best results
s and its corresponding parameters to the user. Finally, the
user can inspect the best results in an interactive system
nent algorithms during the last decades/(see Seetion 2). through comparing different surfaces with each other as

Unfortunately, surface extraction methodsgare siot widely )] a5 identifying uncertain areas in selected surfaces (see
spread in many applications. A major, problem with these Section 4).

algorithms is the lack of uncertainty quantification and

Surface extraction is an important task in the image pro-
cessing pipeline. The goal is to transform selected pixels of
the input image into a surface, representing the boundary
of the object visible in the image [1]. These surfaces.are
used in different applications, for example to analyze the
size, position and shape of tumors in the human body [2].

The extraction of surfaces was subject of many promi-

communication [3]. Real world{datasets can be highly af- ° Therefore, this paper contributes:

fected by uncertainty, meaning that domain scientists can-

not determine the objects€aptured in the image data with * An optimization approach for surfaces based on an

absolute certainty. When exposing these experts with a high-dimensional uncertainty model

surface extraction, they tend to reject them as they can-

not rate the reliability and.accuracy of the extraction al- e A quantification of surface uncertainty (global and lo-

gorithm’s output. In addition to that, surface extraction cal)

algorithms work on. a globally selected isovalue, determin-

ing the resulting surface. This assumption is wrong in o

many cases asthe actual surface can alter slightly around * ° ?n intuitive visualization to explore and compare sur-
aces

the predefined)isovalue [4].

In order to solve the mentioned problems, the goal is to
design a surface extraction algorithm, that outputs a reli- To show the effectiveness of our approach, we tested
able and accurate surface. Therefore, this paper presents  our methodology by reconstructing surfaces from prede-
a novel surface extraction methodology, that is able to fined objects and compared our results to a state of the art
so marching cubes algorithm outputs. In addition to that, the

algorithm was applied to a variety of real world datasets
2Wright State University thomas.wischgoll@wright.edu an_d It can be S.hOWIl, that the overall err(.)r can be mini-
3University of California (Davis) hamann@cs.ucdavis.edu mized (see Section 5). At last, the paper will be concluded
4University of Kaiserslautern hagen@cs.uni-kl.de and future directions are given in Section 7.
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