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Abstract. Computed tomography (CT) has evolved tremendously in the fields of 
material sciences and Non-Destructive-Testing (NDT) over the past years. 
Especially in aerospace industries it is mandatory that each component has to follow 
certified procedures in order to guarantee for safety. 

The approach describes how to process parts that are stacked in a suitable 
holding fixture and processed by the CT in a single scan. After the acquisition 
process and the accompanying reconstruction of the tomography images have been 
finished, the NDT procedure needs to process a palette of unregistered and 
unaligned parts.  

Introduction  

AvizoFire® by VSG offers a broad range of software tools for obtaining and visualizing 
advanced qualitative and quantitative information on material structure images. 

For industrial tomography, material microstructure evolution, modality inspection 
for nano-structure, non-destructive testing and evaluation AvizoFire®  delivers the whole 
feature set allowing materials scientists to see the invisible, and to understand and present 
their data. 

AvizoFire® uses its quantification tools for isolating and for registering each 
individual part versus a reference model. This reference model can be a CAD model or a 
reference volume. Each isolated part is then processed with all the predefined NDT plans 
that are necessary to decide if the part is compliant or not. 

VSG - Visualization Sciences Group is the leading provider of high-performance 
3D visualization toolkits and software for engineers and scientists, delivering advanced 3D 
software solutions for scientific data visualization, engineering and simulation, materials 
science and geosciences. 

1. Non-destructive testing in large scale production  

1.1 Image acquisition  

For paletted image acquisition the parts that need to be inspected must be placed into a 
suitable fixture. It depends on the individual characteristics of the parts and on the 
capability of the acquisition device how these fixtures may look like. For the approach 
described in this paper it is assumed that eight parts can be put into the work holding 

4th International Symposium on

NDT in Aerospace 2012 - Poster 13
 

 
License: http://creativecommons.org/licenses/by/3.0/ 

 

1

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
38

75



device. Furthermore it is assumed that those eight parts are positioned in a way that they are 
NOT aligned or in line with a reference model. See illustration 1 below: 
 

 
Illustration 1: Paletted parts for high volume inspection 

 
As a consequence of the misalignment, each of the eight parts may come with its own local 
coordinate system that needs to be registered versus the coordinate system of the reference 
model. 

1.2 Range Calibration and thresholding  

When the images have been acquired and the subsequent tomographic image reconstruction 
is finished AvizoFire can start to process the image volume for inspection. As a first step 
the automatic range calibration tool computes a set of values representing the possible 
thresholds between phases in the data. This tool uses a gradient based method for 
determining the so called calibration ranges. As a matter of principal, the tool analyses the 
dataset’s histogram and looks for local minima. The result of the computation is a threshold 
that classifies the air versus the phases, the solid materials respectively. 

The threshold is used to binarize the data volume into the materials 0 = air and 1 = 
all solid phases(s). The phases may compose either a single-, or a multi-component 
material.  

1.3 Selection of individual parts  

With the input of this binarized data AvizoFire can compute a number of so called 
measurements that are helpful for selecting each individual part and then register it against 
the reference model.  

For selecting individual parts, the binary image must 
enumerate all sub-volumes that can be considered as 
connected voxels. Those connected volumes may 
compose one out of the parts that need to be inspected. 
In the so called Label command, the image volume is 
scanned from top to bottom, left to right, and rear to 
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front. Each voxel of the same object takes the same value and each object is assigned a 
different value, starting from 1. The algorithm works in three steps: 
 The first scan detects the start of each object. 
 The second scan gives the same value to all voxels belonging to the same object. 
 The third scan checks that there are no holes in the numbers, i.e.: that all objects have 

consecutive indices. 
The result of this enumeration contains a number of objects that are now candidates for 
being a part waiting for inspection. If the number of objects corresponds to the number of 
parts that have been put in the fixture unit, all is (probably) fine and the inspection process 
may start. In all other cases the process must include an intermediate step to separate the 
real parts from possible acquisition or selection artefacts.  
To do so the so called bounding box1 of the reference model is taken into account: 
The reference model is preferably aligned to the world coordinate system. This means that 
the reference model’s bounding box gives the minimum extent in x,y, and z direction that a 
possible inspection part candidate must have. With this information the system can now 
iterate over the list of inspection part candidates that have been computed in the previous 
step. This will result in a list of bounding box extends that accompany each individual 
inspection part candidate. Illustration 2 shows the reference model (in the front) with the 
corresponding reference bounding box (in blue) and all inspection part candidates and their 
bounding boxes colored according to their compliance to the reference bounding box. 
Bounding boxes that fulfil the criteria for being an inspection part are colored in green. The 
other bounding boxes are colored in red. Hence a part with a red bounding box is not 
treated as a part waiting for inspection. Note: Please be aware that illustration 2 shows a 
perspective image. Therefore the bounding boxes of the inspection part candidates may 
appear smaller: 
 

 
Illustration 2: Reference model and inspection part candidates with their bounding boxes 

                                                 
1 The bounding box of an object encloses its extent in 3D. More precisely, it is obtained by determining the 
minimum and maximum coordinates in the x, y, and z directions. 
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1.4 Registration  

Now that all inspection part candidates have been identified, the process can continue with 
the subsequent steps. The process iterates over all inspection parts and extracts so called 
sub-volumes from the complete acquisition volume. The sub-volume for each part is 
defined by the bounding box coordinates that have been computed in the previous selection 
and enumeration steps. 

Once the sub-volume has been extracted, the process registers this volume to the 
reference model. Since the reference model is a CAD model composed of triangles, the 
system must first extract a surface from the volume prior to the registration. Therefore the 
value originating from the initial range calibration is taken as a threshold for the surface 
extraction module. The resulting surface is registered versus the reference model. The 
registration module computes an affine transformation to align the two triangulated 
surfaces, using an ICP algorithm. The algorithm steps are: 
  
 Associating each point of the surface to be transformed to the nearest point of the 

reference surface. 
 Computing the root mean square (quadratic mean) of the displacement vectors. 
 Computing and applying the suitable transformation to the surface to be registered. 
 Checking the stop criteria and re-iterating to first step if needed. 
  
After the transformation matrix that is necessary to align the two surfaces has been 
computed, the same matrix can also be applied on the original sub-volume that has been 
extracted prior to the registration. 
 

 
Illustration 3: Registering a sub-volume to the reference model 
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1.5 Running the test plan  

After the registration process is finished, the system can subsequently process all steps that 
have been defined for this individual part in the test plan. 
 
These test scenarios may vary from:   
 
 Nominal-Actual-Comparison 

 
Illustration 4: Result of a Nominal-Actual-Comparison colored with a color lookup table 

 
 Wall thickness analysis 

 
Illustration 5: Result of a wall thickness analysis colored with a color lookup table 
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 Porosity Analysis 

 
Illustration 6: Porosity analysis colored with a color lookup table according to the defect volume 

 
 

 Metrology 

 
Illustration 7: Annotations of measurements like length, angle, and diameter 

 
 
 

6



Finally all individual transformation matrices that have been applied during each 
registration process can be inverted and the sub-volumes are put back into place. The 
results of the test plans are visualized for each part: 
 

 
Illustration 8: Result of a Nominal-Actual-Comparison on stacked parts in high volume inspection 

 
 

2. Conclusion  

Non-Destructive-Testing in large scale production can be enhanced by the use of paletted 
or stacked parts in a single scan. Depending on the characteristics of the parts this can 
significantly accelerate the performance of the testing scenarios.  

AvizoFire® by VSG provides the tools for the automation of the testing process and 
the tools for applying each possible testing scenario in NDT. Furthermore in can handle so 
called out-of-core data that does not physically fit into the system’s main memory. This 
makes it even more possible and attractive to acquire multiple parts in a single scan at 
highest resolution. 
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