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Abstract. Application of the computed tomography (CT) within industry has
been rising in recent years due to its non-destructive abilities and accuracy.
Nevertheless, there are some challenges related to CT scanning, such as pres-
ence of artefacts. The aim of this research is to investigate to what extent the
application of some advanced algorithms can influence the accuracy of the
X-ray CT images. In this paper, after a brief overview of different existing
methods used for reduction of different types of artefacts, preliminary research
of a new approach for CT image enhancement is presented. It is based on a
hybrid methodology using two different methods - Fuzzy Clustering and Region
Growing - joined in order to exploit their advantages. Results show that the
proposed methodology contributes to CT image enhancement, with borders of
segmented objects on CT images more easily extracted.

Keywords: Computed tomography � X-ray CT � Artefacts �
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1 Introduction

High demands in the industry for fast and accurate product measurement is pushing the
development of new systems that are used for those purposes. One such system is the
X-ray computed tomography (CT) and its use in the industry field, especially for the
metrology and manufacturing applications [1]. X-ray CT system, due to its non-
destructive abilities and high accuracy, found its place in such high demanding field
with its constant development and improvement [2]. However, X-ray CT systems are
prone to different types of artefacts [3, 4], due to numerous factors included [5]. But,
from the hardware side of X-ray CT, there have been numerous research investigating
the possibilities of suppression of these artefacts from the software side as well. Today,
software support plays an important role as is provides a qualitative and quantitative
side of processing and interpretation of X-ray CT results. This allows an accurate
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visualization and application of different types of dimensional measurements to be
performed. However, one of the biggest challenges that X-ray CT systems are facings
are presence of artefacts on the obtained results as they have a big influence on the
quality of generated CT data [6]. They present artificial structures that are found in the
X-ray CT results and that don’t correspond to the real data [7]. In the field of metrology
artefacts can seriously affect, or even prevent acquisition of reliable measurement data.
They may appear as variations in shades of gray, or as a deviation in the reconstructed
data. The presence of these artefacts can have a great influence the obtained results, i.e.
reconstructed 3D models, which can make them unreliable for any further analysis [7].

2 Literature Review

When it comes to application of different methods, in order to deal with artefacts and
their influence on the X-ray CT results, there have been many different solutions and
research directions. There are numerous factors that influence the CT dimensional
measurements such as surface quality, material, acquisition parameters, CT machine
setup, etc. [8]. One such parameter is also surface roughness of the material, which is
shown to have a strong influence on CT dimensional measurements [6].

In addition to those factors, numerous methods have been developed such as MAR
methods (Metal Artefact Reduction), region growing, active contours method and
others that reported more or less successful elimination, or at least reduction of negative
impacts in order to obtain reliable and accurate measurement results [9, 10]. When it
comes to MAR methods, sinogram in-painting technique shows to be one of the
preferable techniques used to remove unwanted streaking artefacts caused by metal
implants which degrade the image quality. And this technique often consists of
interpolating the missing projection data, but the result is often a loss of image quality
with additional artefacts in the whole image [11–13]. Many authors also investigated
and discussed about industrial X-ray CT accuracy [14] and measurement uncertainty
[15]. Also projection-based MAR for industrial 3D X-ray computed tomography was
investigated [7], as well as scatter correction methods applied in dimensional X-ray CT
[8]. For enhancement and development of new methods for surface extraction new
methods have also been developed by implementing graph cuts method [16], multi-
level Morse complex [17], or 3D Canny algorithm with sub-voxel resolution [18].

Development and application of various methods for analysis and processing of
information from CT images is an active research topic for a long period of time. These
methods span from different fields and have been used for different purposes [19, 20].
Among these methods are solutions that deal with specific problems related to the
removal/reduction of artefacts, or image enhancement. In spite of some of developed
approaches of this kind, there is still space for the development of new improved
methods related to reducing the impact of artefacts and improving borders extraction on
resulting X-ray CT images. Application of artificial intelligence methods (namely fuzzy
logic) for analysis and processing of the generated CT image data is applied for a long
period of time in different fields [21, 22]. It aims to improve the 2D image by
enhancing the object borders and thus eliminate/reduce negative impacts present on
image. In addition to fuzzy logic, application of other methods such as region growing,
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active contours method and others are all used for their application in image processing
and handling [23]. Their application has shown to give elimination or at least reduction
of negative impacts in order to obtain reliable and accurate measurement results.

3 Research Methodology

3.1 The Nature of the Research

Fuzzy logic, more specifically Fuzzy C-means (FCM) clustering method proved to be a
very popular method when it comes to image processing and analysis by many
researchers in various fields, because it is not confined to a single area of application.
Although, today there are many different solutions and implementations of this method,
there is still a room for the improvement connected to application of this method. This
also includes its integration and/or combining with other methods in order to develop
hybrid approaches with emphasized positive features of single methods.

3.2 Materials

The need for this research is based on a fact that X-ray CT images that are impaired
with presence of artefacts and/or the use of inappropriate parameters are present in
today’s application of X-ray CT systems. This influences the proper surface extraction
and interpretation of results from acquired X-ray CT images. Because of these prob-
lems, different methods have been developed that deal with improvement and
enhancement of these results, especially those closely related to the field of coordinate
metrology and dimensional accuracy. Improvement of processing algorithms for CT
image reconstruction, through the integration of FCM and region growing
(RG) methods for the purpose of development of a new hybrid approach, has a sig-
nificant potential. This potential lies in advantages of these methods that can be syn-
ergized through their integration, while their disadvantages can be reduced.

3.3 Methods

The main goal of this research is to develop a new method which will feature an
improved processing and analysis of generated X-ray CT images, and consequently
enable surface reconstruction of dimensionally more accurate surface 3D models. The
special focus, during the development of this model, will be on its application on
impaired CT images with poorly displayed objects borders on them.

Preliminary research in this area suggests that the development of such model
would contribute in improving the quality of boundary extraction by enhancing the
contrast (borders) between certain objects present on images. FCM method plays a big
role in enhancement of the pixels of interest, while for the segmentation and generation
of 2D binary images the RG method is used (Fig. 1). In this way this approach is
primarily focusing on the successful extraction of the objects borders on the image, and
thus improving accuracy of reconstructed surface 3D models.
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The experimental data was acquired using an industrial X-ray CT system
NIKON XT H 225 located at University of Zagreb, Faculty of Mechanical Engineering
and Naval Architecture in Zagreb, Croatia (Fig. 2).

4 Results and Discussions

Multi-material components (MMCs) are usually parts which are manufactured from
several different materials, for example, polymers and metal components, or composite
materials with some metal components present. One of the factors which severely limit
the application of CT system for the surface reconstruction and analysis of these

Fig. 1. Basic principle of the proposed approach

Fig. 2. Industrial CT NIKON XT H 225 located at University of Zagreb, Faculty of Mechanical
Engineering and Naval Architecture in Zagreb, Croatia
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components is the presence of artefacts. In order to investigate the present imple-
mentation of the above algorithm, X-ray CT dataset was obtained by an industrial X-
ray CT system with which an MMC part was scanned - a steel hex screw mounted in a
plastic housing.

MMC components are a particularly interesting case for research due to the pres-
ence of different materials with different densities. However, different thicknesses of
materials, and above all, different structure and density of the material lead to a larger
or smaller absorption of the X-rays. As such, it strongly influences proper edge
detection, resulting with presence of artefacts. These obtained images are not adequate
for further analysis and data extraction (surface 3D model) due to poor pixel intensity
that influence the visibility of an object on the CT images. Therefore, any subsequent
analysis and diagnosis may become invalid in terms of dimensional analysis. In order
to achieve improvement of these results, the application of the proposed hybrid model
provides adequate processing, extraction and displays real structure of the 3D model
from X-ray CT data. A single image containing M8 steel hex screw mounted inside a
plastic housing was used for analysis of the proposed algorithm, and it is shown on
Fig. 3.

Steel is a material that has a high density and, within MMC, it can present a
problem for the X-ray CT systems due to its higher density and the need for greater
penetrating power of the X-rays, while the surrounding plastic has a much lower
density.

The first step in this approach is the application of FCM method in order to
adequately enhance the contrast of the border between the object of interest (hex screw)
and the background (plastic housing). The input parameters which are used for FCM
method are number of clusters C and the membership degree (i.e. fuzzification) m.
After that, the RG method is used for boundary detection of object present on X-ray CT
image (Fig. 4a, b and c).

Fig. 3. Steel hex screw placed inside a plastic housing
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In order to perform image analysis, and show influence of application of FCM
method, two 2D profile lines on two images were compared (original image and image
processed by FCM) in order to determine the differences between them. This 2D profile
on the image is drawn along the arbitrary path and is consisting of the segments of the
predefined path of the line. Each segment of the line profile is calculated by the number
of points (profile points) which correspond to the pixels density of the image.

Profile is calculated along the path of the 2D line (Fig. 5a). This 2D line calculates
the pixels intensity along the defined path. It can be observed that there is a normal-
ization of the pixel intensity, as well as an increase in their contrast which is enhanced
by applying FCM method. From the graph in Fig. 5b it can also be seen that higher
values of contrast have a positive effect on the enhanced visibility, which contributes to
an easier and better segmentation using RG method.

Figure 6a and b shows the segmentation before and after implementation of the RG
method.

Fig. 4. Working stages of the proposed method showing (a) original image, (b) enhanced image
using FCM method and (c) segmented image of hex screw using RG method

Fig. 5. Showing: (a) path of the 2D profile line and (b) pixel intensity variations before and after
FCM method
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On the basis of the above-described results of preliminary analysis of the hybrid
method which combines FCM and RG methods, it is shown that it shows good results
that requires further investigations.

5 Conclusions

The research presented in this paper aims at development of a new methodology to
improve the segmentation and analysis of X-ray CT images in the area of industrial
metrology. By combining various concepts and methods from the field of visual
computer techniques, the additional information is obtained, where the use of these
methods aids in accurate reconstruction of objects boundaries. Presented results of
preliminary analysis of the proposed hybrid methodology, which combines fuzzy
clustering with region growing methods, are very promising and present a good
foundation for further investigations.
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