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Abstract 
In the last few years Computer Tomography (CT) changed the world of industrial quality control. The 

developments especially in hard- and software makes it possible to scan even huge parts faster, with higher 

resolution, leading to more precise and comprehensive analysis results as it was possible before.  

It will be shown how CT combines the world of material analysis with the world of metrology. Using real 

datasets we will show where the limits of accuracy for measurements done directly on voxel data are today. As 

known from other inspection methods the traceability of CT results are now standard. Using special algorithms 

like the advanced surface determination leads to an accuracy level, so that a proper measurement strategy and 

not only the CT technology itself becomes the main factor for the final accuracy of the inspection results. 

Furthermore we will point out, how the standard analyses done today with CT like high precise sub voxel 

accurate Coordinate Measurements, Actual/Nominal Comparisons, Wall Thickness analysis done directly on the 

measurement data and of course Porosity- and Fiber-Orientation analysis results and tolerances can be combined 

generating one universal quality description of a part. This paper will introduce automation concepts 

implemented in VGStudio MAX 2.2 linking CT analyses direct to the production process. In combination with 

new developments on the scanner hardware inline CT is reality, providing fast and reliable fully automated 

good/bad decisions for a part. 

The shown methods and algorithms are pointing out, that CT if used with all available analysis features, is a high 

efficient and cost saving quality control technology opening new possibilities for first article inspection, product 

life cycle management and of course development and production processes. 
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1. Introduction 
 
With the discovery of the so called X-rays in 1895 by Wilhelm Conrad Roentgen the basis of 

today’s CT technology was laid. With the next step, the invention of computed tomography 

by G. N. Hounsfield in the year 1971, X-ray technology went to the third dimension by 

reconstructing several projection x-ray images into one 3-dimensional volume consisting of 

voxels (three dimensional Pixels). Today medical and, of course, industrial CT systems are 

utilising this technology to have a look inside the scanned object. Since those days the 

technology of x-ray tubes and detectors has developed enormously, allowing huge amounts of 

data to be generated in one CT scan which then has to be analysed. Modern voxel-based 

software tools are able to handle this amount of data on standard PC hardware, and 

furthermore show defects and structures as well as completing the metrology tasks asked for 

in industry directly on the voxel data set. Today, the software and hardware technology exists 

to combine all these analyses into a final good/bad decision, and so CT technology can deliver 

a quality description for a part. This process can be fully automated, so CT has now arrived in 

the production environment. This article will present the most modern software tools in CT 

data analysis, showing that the combination of material and geometry analyses used together 

with the actual automation capabilities can turn the so-called inline CT into reality today. 
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2. Material and Geometry Analyses  

 
2.1 Porosity/Inclusion Analyses used for virtual machining 

 

In the casting industry, CT has been used for years to detect porosities and inclusions in 

produced parts. In the last years highly complex algorithms have be developed to detect 

porosity even in CT data sets with noise and artefacts automatically. In the past, voids which 

were connected to the air could not be detected fully automatically. With the latest 

developments in the algorithms even this topic could be improved, and now defects open to 

the air can be detected in many cases by just starting the analysis. 

 

Fig1: A CT slice through a casting, showing which pores will be cut, inside or outside of the part after the machining. This test can be run 

before the actual machining is done. 

 

After running a porosity/inclusion analysis, the whole information about a defect is available 

e.g. the diameter, the exact position and even the distance to the surface of the object or to a 

CAD model. If you have this information, virtual machining becomes reality. Using not the 

surface of the object but a CAD model showing the machined part as reference, you can easily 

determine if a pore is cut or which distance to the machined surface remains after machining 

of the part in reality (see Fig1). Having this information available before machining starts 

means that you can decide if further work on this part makes sense at all, or how the part 

should be machined so that, for example, no pore is cut. Here CT saves money by giving 

information to the production process no other non-destructive testing method can provide. 

 

 

 

2.2 Non-destructive cuts - Porosity analysis according to the P201 “standard” 
 

In German automotive industry, porosity analysis for castings are performed following the 

VDG Merkblatt P201. This specification is defining Pore classes and the way to analyse them. 

Coming from the 2-dimensional “world”, this standard describes conventional cutting 

methods. It means that the part has to be cut, the cutting surface has to be polished and 

examined with a microscope. The actual porosity results from the ratio between the area of 

the cut pores to an idealised square, triangular or circular relation zone (see Fig 2). 

Today, a CT based solution for porosity analysis according to P201 standard is available. That 

means that destructive and non-destructive testing methods can be easily compared. 



Furthermore the influence of the operator can be minimized using automated templates for the 

analysis, meaning that the analysis is performed in exactly the same way every time. 

 

Fig2: A typical 2D porosity analysis according to the P201 standard performed on a single slice within a CT dataset. Several relation zones 

and the porosity are clearly visible. 

 

This is very important if you have a closer look at the way an automotive company cooperates 

with its suppliers. If a new casting is needed, the supplier will deliver a certain number of 

parts to his customer. These parts are now examined by CT and a “worst case selection” is 

done. This means the worst parts are tested mechanically, to see if they still can be used for 

production. At the end these results lead to a quality description of the parts between the 

supplier and the customer. Using the P201 together with CT, the supplier can now examine 

the produced parts exactly in the same way, the customer is doing it, minimizing human errors. 

The ability of having comparable inspection results means that in the end a smaller number of 

parts have to be rejected, which saves time and money for both companies. 

 

 

 

2.3 Fiber Orientation Analysis 

 
In today’s automotive and aerospace industry, a huge challenge is an overall design optimized 

for light weight. To solve these tasks, composite materials and fiber enforced materials are 

widely used. Next to the improvements described above for analysing porosity, it is now 

possible to analyse the internal fiber structure of a scanned part. Especially for the production 

of all kind of carbon fiber products, an exact knowledge of the internal fiber structure is 

needed to improve production and of course the product development process. The fiber 

distribution and direction are the crucial factors for the mechanical properties of the final part 

like the shear- and the elasticity modulus. New algorithms analysing the grey value gradient 

in a CT data set make it possible to analyse the internal fiber structure in a scanned part 

without the need to destroy it (see Fig3). 



 
 
Fig3: The left image shows fibers, in the right image the orientation of the fibers is color-coded and locally probed at 2 positions. 

 

 

 

 
 
Fig4: The left image is showing a Fiber Orientation Analysis in a helicopter rotor blade to identify ripples. The defect could clearly be 

detected, although the resolution is not good enough to segment single fibers in the blade, see right image.  

 

 

 

This analysis returns very good results even in a scan where the single fibers could not be 

segmented (see Fig4). That means that the software tool can handle whole fiber bundles in the 

same way as single fibers if the resolution in the scan is not good enough to make one single 

fiber visible. As a result of the analysis you have a vector for the local grey value orientation 

for every position in your dataset. This vector is now projected in a user-defined plane, or it is 



compared to a specified direction. The results can be visualised as a colour overlay or with 

little lines showing local orientation. Using this analysis in a Region of Interest with a known 

nominal fiber orientation, the statistics provided along with the analysis result can be tolerated 

and a quality description of the fiber orientation can be generated. Combining several 

analyses of one object to create a local average fiber distribution is already used today to 

inspect rotor blades of helicopters equalizing the parameters influencing the CT scan like 

noise and artefacts [1].  

Using a CT for the inspection of fiber structures will give the possibility to close the big gap 

between the simulation of fibe-reenforced parts and their quality control. Once you have the 

information of the local orientation generated by a CT available at every single position in the 

object, it is easy to compare the actual orientation of the fibers with the simulated nominal 

orientation. Furthermore, the function of a part can be tested knowing the real fiber 

distribution inside to see if the simulation and the design of the internal fiber structure is 

accurate. This can be done without destroying the part, and very fast compared to the standard 

methods used today like cutting and polishing the part. With this kind of analysis the quality 

and process control of fiber re-enforced plastics will come to a new level of accuracy and 

speed. 

 

 

 

2.4 Metrology on CT data and its limits today 

 

Today, CT is widely accepted as a measurement technology in industry. Using the unbeatable 

advantages CT offers, this trend will continue. A CT scan provides a dataset with a density of 

information which is much higher than in any other scanning method e.g. tactile probing. 

Furthermore, CT provides the whole information of the internal structures of the scanned part. 

The internal structures can be measured in the same way as the visible surfaces. Some 

problems CT technology had several years ago, like finding the surface in multi-material parts, 

do not exist any more. Today, a CAD model can be used to segment a multi-material part, 

using several components of a CAD model as the starting contour for a local adaptive sub-

voxel precise surface determination.  

With the new developments in the CT hardware technology in the past years, voxel sizes are 

coming to a level where for the most parts the accuracy is determined by the measurement 

strategy and not by the CT technology or the used voxel-based software.  

Furthermore- today a time-consuming transformation of the voxel data into point clouds by 

another data processing step, with the risk of losing information, is not necessary any more. 

All measurement tasks including Geometric Dimensioning and Tolerancing (GD&T) can be 

performed directly on the measurement data using a dedicated software solution for voxel 

data analysis.  

Sometimes people unversed in CT are still asking today “How accurate is the CT technology 

used as a measurement technique?” 

We tried to find the limit of today’s CT technology by a simple experiment: Measurement of 

a borehole diameter in an aluminium cylinder head in a CT scan. The results of the 

measurements from the original CT data were compared to tactile measurements performed 

by a DKD (Deutscher Kalibrier Dienst) certified laboratory. 

Before starting the measurements, a local adaptive surface determination was performed on 

the scan in VGStudio MAX to determine the surface of the object with sub-voxel accuracy [2]. 

In a first attempt we measured the borehole “CT style” in two scans one with a voxel size of 

0.140mm and in a second scan with a voxel size of 0.22mm. “CT style” means that we were 

probing the whole cylinder surface of the borehole with 1000 fit points (see Fig5). The 

nominal value of the diameter from the tactile scanning was Dnom= 6.9966+/-0.001mm. In the 



scan with 0.140 mm voxel size, the measurement “CT-style” gave a diameter of 

D140CT=6.987mm compared to a diameter of D220CT=6.985mm in the scan with a voxel size of 

0.22mm. These results are very good, showing that a 1/10 of a voxel can be reached in 

measurements directly on voxel data sets. 

 

 
 
Fig5: Measurement of a borehole in a cylinder head “CT style” using 1000 fit points covering the whole borehole in two datasets with 

different voxel sizes. 

 

Now the question is raised: “Could it be done even more precisely, and what is the “true” 

nominal value?”  

We had a closer look at the measurement strategy. For the results of the tactile probing two 

circles with 24 points in y=18mm and y=43mm inside the borehole were probed (see Fig6). 

After we applied exactly the same measurement strategy to the measurements in the CT scans, 

we got the following results for the measurements “Tactile style”. The diameter in the 

0.140mm resolution scan was D140CMM =6.9931mm and D220CMM =6.9939mm for the scan 

with a 0.220mm resolution. 

 

 
 
Fig6: Measurement of a borehole in a cylinder head “Tactile style” using only 24 fit points in a hight of y=18mm and y=43mm in two 

datasets with different voxel sizes. 
 

This example has two important results. First of all, as in any other measurement method, the 

measurement strategy is one of the most important aspects when we continue seeking for even 

lower measurement uncertainty in CT metrology. The second main result is, that 1/10 of a 



voxel is not the limit once we get even better image quality in future. Having reached this 

level of accuracy, we will see that CT will become the measurement device of the future. 

 

 

 

2.5 Wall Thickness and Nominal/Actual Comparisons 

 

Having highly precise measurement results is nice, but still the user has to deal with a huge 

amount of features and measurements to qualify a part. Therefore the acceptance process of a 

part can be done only based on Nominal/Actual comparisons. On this established analysis 

method improvements were made making this process easy and possible. Thanks to the 

possibility to import .step or .iges files in the newest software version, the Nominal/actual 

comparison can be performed directly on every single component of the CAD model. Every 

component analysis can be tolerated separately. Taking advantage of the Nominal/Actual 

comparison for an acceptance process gives the security that the part is “measured 

everywhere”, and not only on single measurement points. Using components of CAD data, 

wall thickness and gap analyses can now also be tolerated locally. Companies using this kind 

of acceptance tests for their parts experienced a decrease in inspection time and an 

improvement of the quality of the delivered parts, because all these tests can be performed 

with the same templates, again minimizing the human influence. This saves time and, of 

course, increases the quality of the final product.  

 

 

 

3. The quality description of a part 
 
As described above, a CT scan provides a lot of information about a part. In the most cases all 

the analyses which can be performed on a single CT scan are treated separately, or there are 

even several CT systems for several departments used in one company. One system is used 

for failure analysis, the other one is used e.g. for coordinate measurements. Using CT systems 

like this gives a lot of information about the part for every single department. But the CT 

technology offers far more possibilities and information. With the newest software generation 

it is possible to combine all the collected information from the single analyses. That means 

CT is the only non-destructive technique where material analyses like porosity or fiber 

orientation and geometry analyses like wall thickness and coordinate measurements or 

nominal/actual comparisons can be combined, leading to one complete quality description 

stored in a template. After defining a template in VGStudio MAX consisting of all the 

analyses mentioned, this analysis template can be applied automatically to a CT scan using a 

macro delivering all results of the described material and geometry analyses. All the results 

can be tolerated, meaning that every single result can lead to a good or bad decision for the 

part. Furthermore it is possible to set global tolerances combining geometry and material 

analyses by building cross-analysis decision trees (see Fig7). 



 
 
Fig7: A typical cross analysis decision tree for a casting part, leading to an automated Good/Bad decision 

 

For example, if no pore is detected in a region of interest, the value for the Wall Thickness 

measurement can be lower than if a pore is detected. As shown in Fig7, the resulting 

classification can be combined with tolerances from a CAD comparison and finally e.g. with 

the results of the coordinate measurements. The possibility to set global combined tolerances 

for the classification using all analyses leading to a good part/bad part decision will open 

complete new possibilities for CT in quality control. By defining these global classification 

tolerances within a template, CT makes it possible to generate one single complete quality 

description of the part only needing a CT scan to check. If these features are fully utilised, 

there is an enormous potential in saving money and time for several processes in a company 

in the development, first article inspection, product life cycle management, quality control and 

of course directly in the production process. 

 

 

 

4. Automation concepts — inline CT 
 
Building up the mentioned cross-analysis decision trees is a big step for the whole CT 

technology on its way to production. Having the possibility to get an automated good/bad 

decision by just applying an analysis template is the first step in the direction of inline CT for 

the production process. Using this level of automation, a user is still needed to start and stop 

the automated process. The other big gap which has to be closed, the link from the analysis 

results to the CT system software, is now also closed. Volume Graphics offers a “remote 

control” for VGStudio MAX. Using this little piece of software, the analysis software can be 

remote controlled from the CT system software. But not only a reconstruction or an 

automated start of a macro can be triggered without human influence: furthermore the 

resulting good/bad decision, created by a user-defined template, including the cross analysis 

decision trees, can be send back to the CT System. Having this information available at the 

CT system, a fully automated process control without human influence can be realised. So 

right now a complete analysis solution for inline usage of CT is available. Considering all 

these facts and the newest developments in CT scanner hardware, providing systems which 

can scan fast with the needed resolution, inline CT is a reality today offering an amount of 

information which only CT can provide. 
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5. Conclusion and Outlook 
 

In the last years, new developments in CT technology and especially on the software side 

have led to new analysis tools opening new markets where CT can be used as quality control 

tool. The raising demand for composite materials everywhere in industry, especially for 

aerospace and automotive applications, had be taken in account for new developments to 

create new analysis methods like the fiber orientation analysis. In this process, another whole 

new growing market has been opened up for CT as a non-destructive testing technique. CT 

does not only fulfil quality control tasks: it even creates completely new analysis possibilities 

by closing the gap between the inspection world and the simulation world, where for the first 

time real parts and simulation results can be tested without destroying the part. But not only 

new markets were addressed: In the classical fields of CT, the analysis software developed 

further to meet the needs of the users. It could be shown that taking measurements with CT is 

highly accurate, and that today not the CT technology but the measurements strategy is the 

crucial point for the accuracy of the measurements. Going a step further by using 

Nominal/Actual comparison tolerated for every single component of a part, CT gives a lot of 

security in the supplier/customer relation, due to the fact that by using templates, an objective 

quality control without human influence can be realized. 

Having the possibility to combine the geometry and material analysis results creates 

completely new possibilities for CT as a quality control tool. A cross-analysis decision tree 

leading to a good/bad part decision represents a comprehensive quality description of a part. 

At the moment industry is only beginning to realize what enormous possibilities this 

technology has already and will have in the future. Furthermore, the whole inline concept for 

CT data analysis results will enable the whole industry to get fast good/bad decisions easily, if 

wished fully automated directly in the production process. 

So in future, we will see a growing number of companies using CT for the qualification of 

their part, using the huge capabilities CT can offer. 

In summary, CT is already, and will be in the future, the universal quality control tool in 

industry. 
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