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Abstract. In October 2018, the French company CTIF, in collaboration with the 

laboratory LVA of INSA Lyon, has launched a PhD thesis. The aim of this thesis is 

to establish a set of acceptance criteria for tomography inspection of aluminium alloy 

castings.  

 Currently, the agreement on conformity of aluminium castings inspected by 2D 

X-ray radiography is based on the ASTM reference images. However, when it comes 

to tomography inspection, such images have not yet been established in 3D. 

Consequently, tomography inspectors and their casting customers do not have an 

approved reference on which they could rely to create their own scope statement and 

evaluate the 3D casting defects and their criticality. 

 Based on the aforementioned motivation, the objective of our thesis is the 

establishment of such quality standards that will be applicable to the characterization 

of aluminium castings defects and their types by 3D tomography. The methodological 

approach proposed to reach our endeavour is as follows: (1) development of image-

processing algorithms to establish automatic detection of casting defects in the 

tomographic slices, (2) a 3D reconstruction of the defects, and finally (3) automatic 

processing and measurement of features from the 3D volume of the defects to classify 

them and finally determine a 3D quality reference. 

 For the first step, which is currently in making, two classes of regions can be 

detected on a digital tomographic slice of an aluminium casting after segmentation: 

regions belonging to the geometric structures of the specimen or tomographic 

artefacts (false alarms), and those relating to real defects. The distinction between 

these two classes can be done by using pattern recognition techniques for object 

detection and classification. By using a defects library, a classifier can be trained to 

determine whether a segmented indication is a false alarm, or whether it belongs to a 

real defect. 

Introduction  

The usage of aluminium alloy casting parts by the automotive and aeronautics industries is 

constantly on the rise. These parts, such as cylinder housing, cylinder heads and car-to-

ground connecting components, are subjected to high mechanical strain, and hence require 

serious non-destructive testing to ensure their integrity. The cost of such quality controls 

plays an important role in the price of the casting as well. 

The internal conformity of the moulded parts is often inspected by radiography. This 

produces images of the projected volume on a plane. As moulded parts are complex shapes 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

24
76

8

https://creativecommons.org/licenses/by/4.0/
mailto:dakak@ctif.com


2 

by definition, it is often difficult to visualize the component sides' projections and to locate 

the discontinuities along the thickness variations. Such ambiguous results may mislead to 

reject a component with shrinkage cavity for example, which lies in the neutral axis and has 

no influence on its service life. On the other hand, small indications (possible defects) located 

in the superficial zone in accordance with customer specifications, can lead to a reduction of 

more than 30% of the fatigue strength. Tomography provides a better detection of 

discontinuities, and it helps locating them in the volume and gives access to the internal three-

dimensional measurements of the specimen. With tomography, it is possible to know if the 

discontinuities will disappear during the machining or clog on the surface or if they are in a 

zone designated as crucial for the mechanical resistance of the part. Advances in computing 

technology and the increase in image reconstruction speeds are now making it possible to 

consider its use for the inspection of the casting production. In addition, some manufacturers, 

seduced by this technique and the quality of results, have invested in CT scanners, not only 

for the development of their parts, but also for the validation of their in-line production.  

However, the manufacturers who use this technology do not have a set of acceptance criteria 

based on 3D tomographic images to decide the criticality of the detected defects. Currently, 

acceptance of parts inspected by radiography is based solely on ASTM reference (X-ray) 

images. There are many standards depending on the alloy / process families. For aluminium 

alloys, the standards of reference images are ASTM E155 [1] and E505 [2] for radiography 

with film and, ASTM E2422 [3] and 2973 [4] for radiography with digital detectors. 

A qualified operator judges the choice of the criticality level of an indication manually after 

a comparison of the radiographic image of the defect with that of the reference image. 

The disadvantages of radiography and comparison to standard images are major for 

manufacturers: 

 The application of 2D criteria leads to eliminate parts that are safe for their service. 

 The automation of RX detection is available, but systems of automatic sanctions 

sometimes lack reliability. In practice, manufacturers do not take the risk of using them. 

 The progression of the reference images is not always "logical". Some levels are very 

close whereas sometimes a very important difference exists between two successive 

levels. This encourages the customers to ask for new levels of quality that manufacturers 

have trouble following. 

 The comparison is a "little subjective", and differences between the operators' decisions, 

or between client and another are too often observed. This is the source of many disputes. 

In conclusion, tomography is capable of providing much relevant information to judge the 

impact of an indication on the function of a casting. However, the customers and their 

foundry manufacturers do not have a quality reference on which they could rely to create 

their own specifications depending on the functional need of the part (mechanical resistance, 

appearance, tightness, dimensional details…). In addition, tomography would avoid all the 

drawbacks associated with the use of standard images.  

 

Keywords: X-ray tomography, automatic analysis, defects detection, defects classification, 

extraction of characteristics.  

1. Scientific and Industrial Objectives  

Based on the aforementioned facts, our project therefore has for main industrial objectives: 

 To help manufacturers (founders/customers) to transpose from 2D radiographic criteria 

to 3D tomographic ones. 

 To define quality reference that will be relevant and applicable on the production line for 

the characterization of foundry parts by tomography. 
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 To enhance the non-destructive testing of the casting parts. That is, no longer rejecting 

parts whose defects are not critical and conversely not accepting parts with undetected 

critical defects. 

 

To meet these industrial requirements, it is necessary to achieve the following scientific 

objectives: 

 To measure and predict the differences between 2D inspection results and those provided 

by tomography depending on the geometry of the part. 

 To build an algorithm according to the functional need to define a level of acceptability 

of the casting based on the characteristics that the tomography data provide. These data 

describe the dimension of the indication, its density (volume fraction), its form factor 

(acuity of the defect), and its position with respect to the finishing surface or to the zone 

most strained in practice. 

 To foresee the transfer of these developed algorithms to the industries and virtually 

compare their contributions. 

 

The development of tomography should allow the improvement of casting quality, a 

reduction of the risks and hazards, and creating relevant automatic sanctioning systems. This 

is particularly innovative because there are no quality criteria today for the acceptance of 

parts in tomography testing. 

2. Scientific and Technological Obstacles  

The main technological difficulties are: 

 The high resolution necessary for a good detection of discontinuities. In tomography, it 

is necessary to compromise between the speed (and rate of control), the cost of a 

tomography machine (incorporating the amortization of the material), the resolution, the 

X-ray energy required and the volumes inspected. It is illusory to want a very fine 

resolution to inspect an important volume because the time and therefore the cost of 

control become very prohibitive. In practice, the resolution must be chosen according to 

the size of the indications to be detected. It is accepted that a minimum of three voxels 

per dimension (i.e. 9 voxels on a volume) is necessary to detect a discontinuity. 

 The difficulty of crossing dense and thick parts. This is the main limitation of 

tomography. Dense materials such as steel, super alloys or cuprous are only controllable 

by tomography if their thickness is compatible with the power of installation. In practice, 

thicknesses greater than 10 mm will pose difficulties for conventional installations. In 

this project, the field of application is limited to light alloys even if it can be extended to 

dense parts of small thicknesses. 

 Tomographic sections contain numerous artefacts (beam hardening, presence of 

concentric rings, blurs, noises,) that must be corrected before processing the images. For 

operators not familiar with tomography, it is sometimes difficult to realize that the images 

are of poor quality. To have reliable results, it is necessary to correct all these defects 

produced during the acquisition, to check the image quality by means of specific 

indicators, and to follow a validated procedure. 

 Image processing is usually done upon binary images. To obtain these binary images, 

Thresholding is the delicate operation that can lead to deviant results if a validation 

procedure is not correctly applied. 

 

The scientific obstacles to be overcome are: 
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 First of all, the development of relevant algorithms and integrating them in image 

processing software (Matlab at the first, then an industrial integration within an existing 

software in the future). 

 Validation between the established criteria and the effective lifetimes of the parts. 

 Consistency of objectives and results between the development control of the casting and 

its production. In production line, the time is a major parameter especially when the 

testing is done in real-time and on a high rate. 

3. Proposed Segmentation Methodology  

Before establishing the intended criteria, we have to develop some image processing 

algorithms for better visualizing the defects in the volume and characterize them. The aim of 

this step is to enhance the display and binarize the volume, i.e., isolate the defects from the 

background. There are two ways to achieve this step: we can either process the whole volume 

directly or take a slower approach and process each slice separately. Afterwards, the detected 

indications will be characterized in order to measure their characteristics (volume, boundary 

box, extent, etc…), based on which a pre-trained machine-learning algorithm will judge their 

types (true or false alarms). A finally, the criticality of these true alarms will be studied. 

2.1 Slice-by-Slice Processing 

Image segmentation is the division of an image into regions or categories, which correspond 

to different objects or parts of objects. Every pixel in an image is allocated to one of a number 

of these categories. A good segmentation is typically one in which: 

• pixels in the same category have similar greyscale of multivariate values and form a 

connected region, 

• Neighbouring pixels, which are in different categories, have dissimilar values. 

There are three general approaches to segmentation [5]: 

• In Thresholding, pixels are allocated to categories according to the range of intensities. 

In the case of global Thresholding, only one threshold is selected for the entire image, 

while in the adaptive case, local thresholds are selected for each groups of pixels. 

• In edge-based segmentation, an edge filter is applied to the image, pixels are classified 

as edge or non-edge depending on the filter output, and pixels, which are not separated 

by an edge, are allocated to the same category.  

• Finally, region-based segmentation algorithms operate iteratively by grouping together 

pixels, which are neighbours and have similar values and splitting groups of pixels, which 

are dissimilar in value.  

Our approach (Fig. 1) is based on the second approach, which uses first order derivative in 

order to find the edges of the casting parts, as well as the contours of the defects.  

• The first step of our approach is to denoise the image. This is done by using wavelet 

transformation [6], and it helps reduce the noise in the image without affecting the defects. 

• Then, an image sharpening takes place. The aim of this step is to accentuate the defects 

as well as the geometrical structure of the casting part, and hence improve the efficiency 

of the edge operator during the segmentation. 

• The third step consists of segmenting the image using the Thresholding approach [7]. This 

provides a binary image. 

• After that, an emphasizing operation takes place by comparing the segmented image and 

the sharpened one. The resulting image highlights the casting and conceals the 

background. 
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• The fifth step consists of segmenting the resulting image from the previous step by using 

an edge operator [8]. 

• Then, the detected contours are dilated in order the overlay them on the original image. 

 

Fig. 2 shows the result of the segmentation algorithm and its defects detection performance. 

 

 
Fig. 1. Proposed 2D Segmentation Approach. 

 

 
Fig. 2. Tomographic slice Segmentation using the proposed algorithm.  

4. Conclusion 

An edge-based segmentation technique has been established in order to highlight the 

indications in a tomographic slice of an aluminium casting. Such indications will be tested 

by a machine-learning algorithm in order to decide their types (false or true alarms). Finally, 

the true alarms (defects) will be characterized in 2D and in 3D as well in order to establish 

the acceptance criteria for tomography inspection of aluminium alloy castings. 
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