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Abstract 

In this paper possibilities and limitations of microtomographic systems based on laboratory sources are 

discussed. Examples of application in wood science are presented. The special emphasis has been put on 

microtomographic system which has been recently constructed and developed at Institute of Nuclear Physics, 

Polish Academy of Sciences, Krakow. Technical details such as: evaluation of the line spread function and the 

modulation transfer function, resolution assessment, detector linearity evaluation and others have been presented.  

The system consists of a microfocus x-ray source, a precise object manipulator and a high resolution 

CCD camera. As the source of radiation an X-ray tube (Hamamatsu L9191) with focal spot of about 4µm and 

transmission exchangeable targets (Ti, Mo, W, and Ag) is used. The X-ray detector consists of a high resolution 

CCD chip (4000x 2670) connected with scintillator by tapered fiber-optic. Image reconstruction is performed 

with a use of the Feldkamp algorithm.   

Tomographic artefacts which can be misleading in wood analysis are discussed. Details of the facility 

construction with its hardware description are presented as well. 



 

1. INTRODUCTION 

 

The X-ray computed tomography is widely used as a nondestructive method of three-

dimensional imaging. The word “tomography” is derived from the Greek “tomos” which means “a 

slice” or “a cross section” and from word “graphein” which means “to write”.  MicroCT is emerging 

as a new method for non-invasive 3D computerised X-ray tomographic imaging of objects at the 

microscopic level. In microtomography the term “micro” is used to indicate that the pixel sizes of the 

reconstructed cross sections are in micrometer range. 

The development of high resolution CCD detectors with high dynamic range and small pixel 

sizes and micro-focus x-ray tubes that provide relatively fine focal spot size in range of a few 

micrometers have made microtomography facilities based on laboratory sources a competitive tool to 

the synchrotron-based facilities in several fields including wood science.   

The idea of X-ray computed tomography comes from G. Hounsfield and Allan Cormack who 

earned in 1972 Nobel Prize in medicine.  The principles of X-ray computed tomography were 

described in many papers and books [1] [2] [3]. This paper provides only brief and intuitive 

introduction. 

Figure 1 shows the main principle of a microCT scanning method. System captures multiple 

images at many different angular positions of the object. These images are called projections (P1, P2, 

P3, ...). Each projection image carries a piece of information about the object geometry. The recorded 

intensities in each projection are a map of changes in thickness and attenuation coefficient along the 

beam of X-ray at the particular angle. The different slice images of the object can be reconstructed 

from the collected projections. Discussion of particular reconstruction algorithms is beyond the scope 

of this paper and can be found in many papers and books [1] [4].   

 

 

 
 

Figure 1. The basic principle of microCT scanning. 

 

2. Synchrotron based microCT facilities vs. systems based on laboratory sources. 

Synchrotron-based facilities usually use geometry of parallel beam while x-ray tubes usually 

work with cone beam geometry.  In the second case projections have to be acquired with equi-angular 

separation over the full angle (360
o
) or over 180

O
+opening angle of the cone beam (so called “short 

scan”). Cone beam microCT systems use a square two-dimensional array of detectors to capture the 

cone shaped beam (usually manufactured in CCD - Charge Coupled Device or CMOS -



Complementary Metal Oxide Semiconductor technology).  An advantage of using the cone beam 

geometry is a possibility of tuning the magnification factor in easy way i.e. by changing source-object 

distance. In the cone beam geometry image in a CCD detector is distorted as compared to the spherical 

CCD when each x-ray is perpendicular to the detector surface [5]. 

The second important issue concerns energy of the beam. Synchrotron beam lines are usually 

equipped with tuneable monochromators that provides possibility of adjusting the photon energy to the 

thickness and composition of the sample. In the case of x-ray tubes a quasi monochromatic radiation 

can be used. This is done by using an appropriate target material and a suitable filter. Figure 2 shows 

examples of two spectra of such a quasi-monochromatic radiation. The first one is obtained with a use 

of Mo target. X-rays were filtered by 0.07 mm Zr thin foil. The second spectrum was acquired with a 

use of X-rays emitted from W target and was filtered by 0.07 mm Cu filter.  

The use of polychromatic radiation causes “beam hardening” artefact [6]. As radiation passes 

through homogenous attenuator lower energetic photons are removed more from the beam and in the 

consequence the mean energy of the beam increases. This phenomenon causes that a homogenous 

sample has seemingly on tomographic images higher attenuation coefficient at the edges and lower at 

the centre what can make proper analysis of a tomographic slice difficult (see figure 3).  

An important issue is a brilliance of the source. Brilliance of synchrotron sources is at least 4 

orders of magnitude higher than brilliance of x-ray tubes [7]. This simply translates into longer 

exposition time in case of tomographic systems based on x-ray tubes.  On the other hand access to 

synchrotron sources is usually expensive and limited.   

 

 

 
Figure 2. Examples of spectra of quasi-monochromatic radiation. 

 

 
Fig. 3. Appearance of beam hardening artefact on image of reconstructed slice of homogenous cylindrical object. 

 
 

3. X-ray microCT facility at IFJ PAN, Krakow 

 

The computed microtomography system consists of a source of radiation, an X-ray sensitive 

CCD camera, and a precise goniometer (see fig 4). The source-to-detector distance is usually set as 



500 mm while source-to-sample distance can be changed from 1 mm to almost the source-to-detector 

distance, ensuring a wide range of magnification tuning. 

 

 
Fig. 4. Basic elements of the microCT system. 

 

 
An open type, microfocusing X-ray tube Hamamatsu L9191 with exchangeable transmission 

targets [8] serves as a source of X-rays.  

Four different targets made of Titanium, Molybdenum, Silver, and Tungsten are provided in 

order to tune the X-ray energy depending on specimen’s density. Acceleration voltage can be changed 

in the 20 - 160 kV range, whereas the tube current may be set up to 200 µA. Radiation is emitted from 

a small spot (less than 2 µm in diameter) into a cone (120 degrees opening angle), through 0.5 mm 

thick beryllium output window. This geometry of the X-ray beam is used for tomography experiments 

without using any additional focusing devices.  

Image acquisition is accomplished with a Photonic Science X-ray sensitive CCD camera [9]. 

The detector consists of a cooled CCD sensor with 4008 x 2670  pixels, (pixel length 15 µm) coupled 

to a fiber taper, which is coated with a GdOS scintillator screen. The read-out rate of the 12-bit CCD-

camera corresponds to 10 MHz.  

In order to check the linearity of the detector used for image acquisition in computed 

microtomography experiments, the detector response as a function of tube current and the exposition 

time has been determined. The output signal was measured in the flat field mode by increasing the 

intensity of the X-ray beam up to the maximum signal amplitude value measurable by the CCD, with 

avoiding saturation or by increasing exposition time up to 60s. The X-ray tube was equipped with Ti 

target and the acceleration voltage was set to 70 kV. Source-to-detector distance was set to 410 mm. 

The output signal was first averaged over 5 frames and then averaged over a region-of-interest of 

about 4000x2500 pixels to minimize the effects of non-uniformity in the illumination. The response 

signal is highly linear in a wide range of the absorbed dose of X-rays (see fig 5) 

 

 
Fig. 5. The detector responce signal as a function of exposure time and tube current. Good linearity of the 

derector has been proved. 



 

3.1.  The resolution determination 

A very important property of every microtomographic facility is the spatial resolution of 

imaging system. There are several factors which infuence the microtomographic image quality. The 

most imprortant are: the x-ray tube focal spot size and characteristics of the detector (including pixel 

size).  

The x-ray tube focal spot has been evaluated with a use of a pattern produced 

nanolithographically by Xradia Ltd [10]. A size of the X-radiation emitting spot was measured to be 

about 2 µm for accelerating voltage of the tube above 100 kV. However, the resolution is deteriorating 

for lower voltage being about 4 µm at 20 kV [11]. 

A usefull tool in describing how the whole imaging system preserves or looses the resolution 

is the Modulation Transfer Function (MTF). The modulation transfer function can be experimentally 

measured in different ways [12]. In this work MFT was evaluated from the Line Spread Function 

(LSF). The line spread function is the derivative of the edge response. The width of LSF is usually 

given as the FWHM of the function. The modulation transfer function it is the line spread function 

represented in the frequency domain e.g. after using the fast Fourier transformation of the LSF. The 

MTF provides information on what frequencies are attenuated by imaging system, thus the MTF 

describes how much contrast at a specific spatial frequency is maintained by the imaging process. The 

spatial frequency where the MTF falls to 10% of its maximum value is called the 10% MTF value and 

is often used to characterize the performance of optical systems. 

 Figure 6 shows image resolution evaluated as FWHM of the line spread function and 

alternatively evaluated as inverse of frequency at 10% of MTF versus magnification factor.  For 

relatively high magnification factors (above 16) the resolution is below 10 um. Figure 7 shows an 

example of LSF and MTF determination at acceleration voltage set up to 100 kV.  

 
Fig. 6. The system resolution vs magnification factor. Acceleration voltage was set up to 100 kV. 

 

  
Fig. 7. An Example of LSF and MFT determination. 



3.2 An example of application of the microCT facillity at IFJ PAN Krakow in wood 

imaging – test images. 

 
In order to assess reconstruction performance, quality of µCT images and appearance of 

artefacts as well as to align the system, a transistor with well known shapes and dimensions of its 

elements was used as a sort of µCT phantom. Figure 8 presents microtomographic image of the 

transistor. Test images indicate slight appearance of the reconstruction artefacts. A thin connection 

wire inside the transistor is clearly visible.   

 

 
Fig.8. Microtomographic image of a transistor (5mm x 4.5 mm) used as microtomography phantom. 

  
In order to check the ability of the system to imaging wooden samples a microtomographic 

measurement of a 12x12x10 mm
3
 cuboid sample of pine wood has been carried out. Experiment has 

been performed with a use of quasi-monochromatic X radiation emitted from Mo targets. In order to 

minimize beam hardening artefact radiation was “pre-hardened” (quasi-monochromatized) by 0.07 

mm Zr foil. The X-ray tube acceleration voltage was set as 36 kV and tube current amounted to 4.5 

µA. The tomographic image of sample was reconstructed from 400 projections. Acquisition time of 

single projection was 12.5 s. The source-detector distance was equal to 180 mm while source-object 

distance was chosen as 57 mm giving magnification factor of M≈3.16. The resulting µCT image 

consists of 1000x1000x450 voxels. Figure 9a and 9b shows three dimensional representation of the 

reconstructed image. Figure 10 presents an example of three orthogonal slices of reconstructed 

tomographic image of the wooden sample. 

This work presents test experiments of imaging wood samples before starting a planned 

investigation in collaboration with The Jan Matejko Academy of Fine Art in Krakow. The inner 

structure of the test object, including growth tree rings structure has been reproduced correctly, what 

promises that a structure and potential cracks and damage of wooden objects of art will be equally 

well reproduced. The apparatus is capable of conducting wood sample measurements, the experiment 

methodology has been worked out and optimal parameters of the experiments have been found.     



 
Figure 9a and 9b. Three dimensional view of the reconstructed tomographic image of 12x12x10 mm cuboid 

sample of pine wood 

 

 
Figure 10. An example of three orthogonal slices of the reconstructed tomographic image of a wooden sample. 
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