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Abstract 

We developed a new approach for surface extraction in CT volume data, which is based on active contours and allows a region 

and task adaptive surface generation. This method offers the possibility to solve a variety of application problems for different 

types of parts which are not or at least difficult to realize with established procedures. In this paper we present an overview of 

the implementation and discuss in detail the metrological evaluation of the new approach. Additionally, the possibilities and 

results of material separation for different multi-material tasks are shown on exemplary applications. 
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1  Introduction 

Industrial computer tomography (CT) is a modern instrument for quality assurance, which enables the non-destructive and 

complete inspection of parts. As a result, it provides 3D volume data with all geometrical and material-based structures, which 

constitute the basis for a variety of applications in quality control. Therefore, CT is already used today in many stages in the 

product development process for quality control, but also increasingly for the dimensional measurement of components. In 

order to perform such measurement applications, it requires the determination of 3D surface data, which describe the material 

limits of the part. Current standard methods show decisive disadvantages in practice, which is the reason that CT is 

inapplicable for many types of components, especially considering parts with different materials. 

We developed a region-based surface extraction method, which is presented e.g. in [1] and [2]. This approach is able to 

overcome different disadvantages of standard surface extraction with Marching Cubes (MC)-based methods [3], e.g. [4], and 

alternative approaches like shown in [5] or [6].  This novel approach for extracting 3D surfaces from CT data allows the 

determination of the limiting surface region-dependent and adapted to the particular measuring or testing task. The method is 

described in chapter 2. In chapter 3 we present the metrological evaluation of the new approach based on VDI/VDE guidelines 

and show in chapter 4 how this approach is applicable to multi material tasks. 

2  A method for region-based surface extraction for CT volume data 

The developed process is based on active contours [7] and according to this method it consists of several steps: First, an initial 

surface is determined. This initial surface could be based on fitting geometric objects or ideally is generated by the CAD model 

of the object itself. If the CAD model is used, an additional fitting step for the alignment of the coordinate systems is needed 

(see example in figure 1). Then, the initial model is discretized in a meshing step. Here, knowledge about both, the object and 

its required properties, are taken into account. More precisely, the resolution of the surface mesh, i.e. the point density, can be 

specified for special areas separately or for the object as a whole depending on the needs for later use. Moreover only relevant 

regions for the further metrological evaluation can be considered whereas other areas of the part can be ignored. Especially 

specific material limitations can be integrated to make sure that different material areas can be separated later. Altogether this 

ensures that a triangular mesh is generated in a controlled way which meets the requirements of the measuring task. 

 

 
Figure 1: CAD- and volume model of a two-material part (left), alignment of the coordinate systems (middle) and overlay of volume model 

and initial triangle mesh (red) generated out of the CAD-model (right). 

M
or

e 
In

fo
 a

t O
pe

n 
A

cc
es

s 
D

at
ab

as
e 

w
w

w
.n

dt
.n

et
/?

id
=

18
74

5



6th Conference on Industrial Computed Tomography, Wels, Austria (iCT 2016) 

www.3dct.at  2 

 

In addition, prior knowledge about the object itself can be provided for some or for all areas. This includes information about 

material properties, expected intensity values or intensity gradients of material transitions and expected local curvature of the 

surface. According to active contours, this knowledge is used in local energy functions, which have to be minimized by varying 

the nodes positions along the corresponding normal. The normal is used to define a grey value profile which is analyzed locally 

and builds the base for the iterative energy minimization. An example of such a grey value profile is shown in figure 2.  

 
Figure 2: Local profile position in the volume model (left) and according grey value profile (right) 

 

In our implementation we used different energy functions E for the grey value information. A quite simple one is the search of 

the biggest gradient grad 

EGrad (i) = -|grad(i)|, 

 

while i is the position in the grey value profile and grad(i) = g(i+1) – g(i) with g(i) grey value at i . It is also possible to define 

a material by value or by choosing the side of the grey value profile depending on the relevant material area. Here the energy 

function 

 

 EMaterial (i, side) = grad(i) * sig(side), sig { }1,1 −∈  

 

is used, while sig(side) is determined automatically to make the local search independent of the material transition type or 

direction. If an adequate threshold G exists, which can be used for the definition of material limitations, we calculate 

   

EThresh (i) = 0,5 * ((g(i)-G)+(g(i+1)-G)). 

 

In order to take local form criteria into account the discrete Gaussian curvature K and discrete mean curvature H (figure 3) are 

used and formulated in minimizable energy functions. For example  

 

EFlat (i) = K(pi)+ H(pi) 

 

becomes minimal, if the local area is flat.  

 
Figure 3:  Gaussian curvature K and mean curvature H of a discrete local umbrella area of a triangle mesh 

All used energy functions can be combined to one energy value E for a point and weighed (after normalization) to achieve the 

optimal surface position, e.g. 

E(i) = a * EGrey (i) + b * ECurv (i);  a, b [ ]1,0∈  und a+b=1,  

 

where EGrey can be any energy function considering grey values, e.g. EGrey = EGrad, and ECurv  any energy function considering 

curvature, e.g. ECurv = EFlat. The minimization is implemented as an iterative procedure with a greedy algorithm according to 

[9]. The positions are varied along the grey value profile and for every step the combined energy value is calculated. This is 

repeated until the result is optimal or a specified termination criterion is satisfied. The resulting surface is only accurate to a 
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voxel and needs an additional interpolation step to achieve subvoxel precision. Therefore the greyvalue profile is interpolated 

and subdivided in smaller items (see figure 4) and a second iterative procedure in a small area is performed. 

The result is an appropriate surface with respect to point density and task-specific parameters. Especially the adequate detection 

of material-material transitions, corresponding to air-material transitions, is possible. Therefore the application to multi-material 

analysis tasks in CT data is obvious and will be discussed in chapter 4. 

 

 
Figure 4:  Grey value profile of original voxels (left), interpolated grey value profile for subvoxels (right) 

3  Metrological Evaluation of the region-based surface extraction 

For the practical use of the developed region-based surface extraction in metrological applications it is necessary to evaluate the 

quality of the measurement results. Especially the comparison to usually used methods, mainly enhancements of the MC 

algorithm, has to be focused on, because, by overcoming the disadvantages, the new method should show at least the same 

quality level. Therefore a test plan had been elaborated according to guideline VDI/VDE 2630 [8], examining the different 

possibilities of parameterization and use of energy functions. According to [8], established sizes with calibrated parts are 

determined, the probing error of form PF = Rmax – Rmin, the difference between maximal and minimal distance to a defined point 

or value, and probing error of size PS = D - Dkalib, the difference between measured and calibrated value. They are compared to 

the maximum permissible error MPE of the CT system. In order to eliminate any influence of hardware or reconstruction 

algorithm, the same CT data sets are used for the evaluations based on MC and on the new region-based method using different 

parametrizations. Additionally the RMS (root mean square) was calculated. As test parts we used two calibrated glass spheres 

(25 mm and 6 mm diameter) depending on the magnification.  

In figure 5 some of the experimental results in form of nominal-actual comparisons are presented. Here different types of energy 

functions are applied: the first is EThresh using a grey value threshold, the second is EGrad searching for a high contrast and gradient 

value and the third one is EMat focusing on one material side of the local grey value profiles. On the left hand the color-coded 

deviations to the CAD model are visible for different magnification sizes for the three applied energy function types. On the 

right hand the grey value based energy function EThresh was combined with the curvature based energy EFlat . That means that the 

minimization procedure is searching a position that satisfies both restrictions: close to a given threshold and as flat as possible. 

In figure 5 the behavior caused by the variation of the weights of both energy components is visible. Here we differ between the 

weights for the first iteration (voxel precision) and the iteration after the subvoxeling. In the first step the grey value information 

is more important so that the identification of the right limit can be guaranteed; the higher weightening of the curvature 

information has a smoothing effect to the mesh. The quantitative evaluation (for voxel size 16 µm) in table 1 shows also the 

comparison between MC results obtained with classical MC, low-pass filtered MC and filtered MC according to DIN ISO 10360 

and the new region-based method with the different grey value energy functions. In table 2 the same is presented for the decribed 

weights of grey value and curvature information. 

 

In summary the evaluation of the new procedure leads to satisfying results. The surfaces generated with the new method respect 

the dimensional tolerances for PS and are usually within the demands for filtered MC data. In some cases even smaller deviations 

could be reached. This is different regarding the PF values. Here the method shows a slight weakness in some cases, caused by 

single outliers. The additionally determined average error (RMS) points out that the behavior of the process is not severe. 

However, we observe in general less continuity or more noise compared to the MC algorithm. This can be reduced by an 

appropriate configuration and the use of curvature energy. As conclusion the MC algorithm is a fully matured process, which 

produces reliably good surfaces for CT data of one material with good contrast and with the optimally adapted point density to 

the voxel resolution. The main advantage of the region-based method is the solution of diverse practical tasks, which are not 

feasible with standard processes. For this purpose it delivers an adequate alternative with a reliable surface extraction. 
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Figure 5: Nominal-actual comparison of different magnifications with different energy functions (left) and with differents weights using both 

grey value and curvature based information for the energy calculation (right) 

 

Voxel size 

16 µm 

nominal 

Diameter 
MPE  PS MPE PF   Diameter PS PF RMS 

                  

MC 5,9985 0,009 0,0065   6,009 0,0105 0,016 0,001 

MC gef. 5,9985 0,009 0,0045   6,001 0,0025 0,006 0,001 

MC gef. ISO 5,9985 0,009 0,0045   6,002 0,0035 0,002 - 

EThresh 5,9985 0,009 0,0065   6,000 0,0015 0,025 0,001 

EMat(Side) 5,9985 0,009 0,0065   6,002 0,0035 0,021 0,001 

EGrad 5,9985 0,009 0,0065   6,001 0,0025 0,019 0,001 

Table 1: Quantitative evaluation (for voxel size 16 µm) for different grey value energy functions 

 

Voxel size 

16 µm 

Weights 

Vox – Subvox 

nominal 

Diameter MPE PS MPE PF   

Diameter PS PF RMS 

                    

MC   5,9985 0,0090 0,0065   6,0090 0,0105 0,0160 0,0010 

MC gef.   5,9985 0,0090 0,0045   6,0010 0,0025 0,0060 0,0010 

MC gef. ISO   5,9985 0,0090 0,0045   6,0020 0,0035 0,0020 - 

EThresh 0,5 - 0,5 5,9985 0,0090 0,0065   6,0000 0,0015 0,0270 0,0020 

EThresh 0,8 - 0,3 5,9985 0,0090 0,0065   6,0000 0,0015 0,0250 0,0010 

EThresh 0,8 - 0,1 5,9985 0,0090 0,0065   6,0000 0,0015 0,0110 0,0010 

EMat(Side) 0,5 -0,5 5,9985 0,0090 0,0065   6,0020 0,0035 0,0280 0,0030 

EMat(Side) 0,8 - 0,3 5,9985 0,0090 0,0065   6,0020 0,0035 0,0210 0,0010 

EMat(Side) 0,8 - 0,1 5,9985 0,0090 0,0065   6,0020 0,0035 0,0150 0,0010 

EGrad 0,5 -0,5 5,9985 0,0090 0,0065   6,0020 0,0035 0,0270 0,0030 

EGrad 0,8 - 0,3 5,9985 0,0090 0,0065   6,0010 0,0025 0,0190 0,0010 

EGrad 0,8 - 0,1 5,9985 0,0090 0,0065   6,0010 0,0025 0,0120 0,0000 

Table 2: Quantitative evaluation (for voxel size 16 µm) for different grey value energy functions in combination with variously weighted 

curvature energy functions. 



6th Conference on Industrial Computed Tomography, Wels, Austria (iCT 2016) 

www.3dct.at  5 

4  Application to multi-material separation in volume data 

The implementation of the region-based surface extraction method achieves the goals and incorporates various advantages. One 

is the possibility of the separation or segmentation of different materials specified by an appropriate initialization and choice of 

energy functions. Different multi-material applications were examined and show both, the chances and the limitations. To receive 

comparable results the same calibrated object we used for the metrological evaluation (glass sphere with 25 mm diameter) was 

prepared with a second material (synthetic rubber) and analyzed in the same way as the single material object. With MC-based 

methods it is not possible to receive the complete sphere surface without the outer material of lower density. Only a threshold 

about 70% (of the grey value spectrum of the CT-volume) eliminates the rubber material, but produces an inappropriate surface 

for the material-air transitions. In figure 6 the problem is visualized. By varying the grey value scale of the histogram the second 

material can be eliminated but the quality of the surface limits suffers.     

 

 

Figure 6: Histogram with different grey value scales (left), corresponding voxel model (middle) and surface generated with MC (right)  

 

The new approach was applied by generating an initial surface mesh out of the CAD-model and using the energy functions EGrad 

and EMat in combination with EFlat with different weights. The results are shown in figure 7 as nominal-actual comparision. 

Additionally the MC result using the (non-realistic) threshold of 70% is visualized as nominal-actual comparision. 

 

Figure 7: Nominal-actual comparison with different energy functions and with differents weights using both grey value and curvature based 

information (left) and nominal-actual comparison of the MC result generated with threshold 70% 

The surfaces found with the new procedure reach, thanks to a good initialization meaning close to the real surface, a very good 

quality by varying different energy functions and parametrizations. Thus the evaluation of geometric features is enabled that 

would not be feasible with the conventional approach in this form. 
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An example for a real application is the already mentioned cylinder made of two different polymers. Using the MC algorithm 

is it not possible to generate complete surfaces for each material area. The standard process would take a global threshold 

about 33% that creates a surface mesh containing all material-air transitions and ignoring the type of material. The inner 

cylinder is not included in the resulting mesh. In this example it is possible to separate the inner material by using a bigger 

threshold because of the higher densitiy of the inner material, but this produces an inappropriate surface for the air-material 

transition. This behavior is visualized in figure 8.     

 

 
 

Figure 8: Picture and voxel images of a two material cylinder (polymers) (above) and the resulting meshes using MC with different global 

thresholds (below) 

 

For the new approach we choose the different material areas in the corresponding CAD-model as initial meshes. Using this 

method, the complete separation of materials is feasible. Since the method is hardly influenced by different grey-scale transitions 

(material-air or material-material) correct surface meshes are extracted for both, the dense inner as well as the outer hollow 

cylinder, which can be analyzed together or separately. The results are shown in figure 9.  

 

 
 

Figure 9: Resulting surface mesh of the inner, the outer cylinder and both meshes combined 

5  Conclusions and future work 

The presented method of controlled, region-based surface extraction from volumetric CT data provides the ability to solve a 

variety of measurement problems for different types of components and thus fulfills current and future challenges of the 

industrial CT technology. It has a number of important features: Surface data is generated from CT data in a controlled way 

and appropriate to the task; the method allows the predetermination of required areas, required point density and the features of 

interest; separation and determination of various materials is possible; no unnecessary points are generated, and thus no post 

processing reduction step is needed; and irrelevant distant surfaces are not considered in determining the surface. Finally, due 
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to the approach being local and adaptive, surface generation is significantly improved with respect to global thresholding 

regarding physical or component-specific effects in voxel data, such as varying grey level transitions.  

An implementation and experiments using the new method confirmed the above observations. Using sample data of adequate 

quality, requirements are met in principle. However, weaknesses and optimization potentials remain.  

 

The experiments suggest that weaknesses in terms of surface quality are due to the irregularity of the triangulation. This, in 

turn, considerably affects curvature calculation and causes outliers. Although these effects are small with regard to the mesh as 

a whole, they are significant when calculating the deviation in shape. We addressed this issue by filtering outliers by an 

additional condition, but this is not regarded as an optimal solution. Moreover, choosing appropriate weights for the partial 

energy functions posed a difficulty. While we were able to determine the number of necessary input parameters automatically 

we did not succeed to do so with the weights. These must be chosen so that on the one hand adequate influence of the grey 

values is guaranteed to find the correct boundary, but on the other hand grey value fluctuations are compensated. At the 

moment this requires additional experience with CT data and a need for optimization remains. 

 

Overall, the implementation of our method achieved our goals and incorporates the main advantage: The separation or 

segmentation of various materials specified by an appropriate initialization and choice of energy functions. 
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