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Abstract. Non-destructive techniques such as computerized tomography (CT) perform well for 
static objects. Accuracy of measurements suffers for rotating (time-dependent) objects. Cross-
section changes with different measurement time-intervals for a rotating system thus the results are 
meaningful in time-averaging sense. It is, therefore, required to carry out time-averaging in a proper 
way for precise measurements. A simulation study is carried out on static objects which mimics a 
three-component moving system. A particular cross-section is scanned for several times. We, here, 
have used five different specimens representing state of rotating object at five different 
measurement times. These specimens are made of Perspex with several cylindrical holes and 
several iron rods. Holes represent voids while iron rods and Perspex represent two different solid 
materials. The positions of holes and iron rods are changed for all five specimens. This experiment 
is performed on a micro-CT scanner (Procon X-ray GmbH) which gives data for cone-beam 
geometry configuration. Projection data is collected on a flat panel detector of 1024x1024 photo-
diodes for 400 projection views. Convolution back-projection (CBP) algorithm is applied for the 
reconstruction of the center-slice of the specimen. Dynamic bias correction has been reported for 
fluid flow situations [1] and we now apply this method for solid objects. Results are compared with 
two other existing correction methods [2-4]. It is observed that error behavior is similar for all 
correction methods for this particular application. 

Introduction 

Computerized tomographic (CT) technique gives meaningful results in the case of static objects. 
The inner profile of object changes with time thus the projection data becomes time dependent. 
Measurements at different time intervals may lead to different outcomes if the speed of scanner is 
slower than the movement of the inner profile of object. Such measurements lead to dynamic bias 
(DB) error in reconstructions. A cross-section is scanned for several times and the time average 
value is considered for analysis. Shakya et al. [1] have proposed two different ways for time 
averaging. Correct time averaging scheme is verified for real (three-phase flow system) and 
simulated (cyber phantom) data. A mathematical formula was proposed for DB error correction for 
a two-phase flow system [2, 3]. It was shown that DB error depends on higher moments of void-
fraction about its mean value. A first order DB error correction method was suggested by 
Andersson et al. [4]. A dual source method was proposed to minimize the ratio of dynamic-to-static 
void condition [5]. A liquid metal magneto hydrodynamic (LMMHD) system was investigated for 
the difference in actual time-averaged voids and the measured values [6]. Accuracy of 
measurements is dependent on the void fluctuations and attenuation coefficient of the material.  
Measurement quality improves if the degree of void fluctuations is known. A further study is 
carried on LMMHD system for statistical uncertainty and DB error analysis [7]. Dynamic bias error 
increases with increase in air fraction and it is maximum when the air fraction is in the range of 0.5 
to 0.6. It decreases with further increase in air fraction. Wyman and Harms [8] have given a 
mathematical expression to improve void dynamics and radiation source fluctuation situations in a 
two phase flow system. A simple plane model was proposed by Liu and Wang [9] to correct the 
time variation effect due to fluctuation of voids.  
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We have applied DB correction to a three phase flow simulation exercise. Following Shakya et 
al. [1], this DB correction is now applied to solid objects which are imitating a three phase flow 
system. Correction scheme is compared with two existing methods [2-4].  

Experimental Details 

An experiment is performed for five specimens (made of Perspex) of diameter 4 cm and height 5 
mm. These specimens have 17 holes: 10 holes of diameter 1 mm, 5 holes of diameter 2 mm and 2 
holes of diameter 3 mm. These holes represent the voids of different size at different locations in the 
cross-section. Each specimen also has 8 cylinders filled with iron rods and the diameter of these 
rods is 1 mm. These five specimens are displayed in Figs. 1(a)-1(e). This three component specimen 
is, thus, composed of two solid materials (Perspex and iron) and air (holes). Area covered by holes 
and iron rods is same for all five specimens but the radial position (of these holes and iron rods) is 
changed. Such representation shows the distribution of three phases at different time of 
measurements. It is assumed that the bubbles and the solid particles are moving in vertically upward 
direction thus their position changes with time. 
 

These five specimens are scanned by a mini-CT scanner (Procon X-ray GmbH) installed at IIT 
Kanpur [10, 11]. This CT set up provides 3D cone-beam projection data. The focal spot of X-ray 
tube is 7 microns and this particular experiment is performed for X-ray photons of 120 keV. This 
mini-CT scanner has a flat panel detector of 1024x1024 photo-diodes to detect attenuated X-ray 
radiation beam. Area of the detector panel is 12.1x12.1 cm2 which makes a cone-beam angle of 
±7.90 on X-ray source. Source-to-detector distance is fixed and it is 46.64 cm. This CT system has 
an object rotation facility with fixed source-detector unit. 
 

Object is kept at a distance of 20 cm from X-ray source in this particular experiment and pixel 
resolution was of 24.99 microns. Total X-ray exposure time for object is selected as 1000 
milliseconds. Projection data is collected for 400 views and it is measured with 16-bit data 
resolution. This data have a matrix size of 1024x1024x400. There is a metallic stand in between 
source and the detector system. Object is kept on a thermocol piece (having negligible X-ray photon 
absorption) which is placed on a metallic stand to avoid attenuation of X-ray photons through this 
metallic stand. This theromocol piece is slightly inclined thus the object is not placed on a flat 
surface. 
 

We have selected the data for the centre-slice from the full cone-beam data. The geometry of this 
selected data is fan-beam and the size of this data is 1024x400. This data is utilized for 
reconstruction purposes using CBP algorithm.  



 

 
 
Figure 1. Photographs of Specimen 1 (b) Specimen 2 (c) Specimen 3 (d) Specimen 4 and (e) 
Specimen 5 

Results and Discussion 

Convolution back-projection algorithm is used for reconstructions of center-slices of Specimen 
1, Specimen 2, Specimen 3, Specimen 4 and Specimen 5 (shown in Figs. 1(a)-1(e)). A sharp 
Hamming filter, H99, is used here for reconstruction purpose. Reconstructed images of all five 
specimens are displayed in Figs. 2(a)-2(e). Denser material absorbs more photons therefore 
reconstructed iron rods show maximum attenuation and cylindrical holes show minimum 
attenuation.  It is observed that the reconstructed iron rods and cavities are not circular especially 
away from the center of specimen. It happens because the specimen was inclined when scanned and 
we have extracted center-slice data from the 3D cone-beam data. This center-slice data is a fan-
beam data of a plane that is not parallel to the top/bottom surface of the cylindrical specimen. There 
is a large difference in density values of air and iron rods thus the reconstructed voids (or cavities) 
are not visible properly. This large density variation also leads to beam hardening effect in the 
reconstructions and this effect is visible clearly in Figs. 2(a)-2(e).  

Five specimens represent the distribution of voids and solid particles at different time of 
measurements. Averaging has been done by using different ways [1-4]. Figures 3(a)-3(d) shows the 
time-averaged cross-sections without and with DB corrections. Figure 3(a) is the cross-section 
without applying DB correction and Fig. 3(b) shows same cross-section with DB correction using 
correction method which is earlier applied for three-phase bubble column [1]. This DB correction is 
now compared to earlier existing methods given by Harms and Laratta [2-3] and Andersson [4]. The 
corresponding corrected reconstructions are displayed in Fig. 3(c) and Fig. 3(d). All these 
reconstructed images appear similar and the difference is not noticeable. There is, however, some 



 

difference visible in the corresponding radial profiles and these are shown in Fig. 4. We observe 
that results by Andersson’s method [4] are somewhat different from the other two techniques.  
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Figure 2. Reconstructions of center-slices of (a) Specimen 1 (b) Specimen 2 (c) Specimen 3 (d) 
Specimen 4 and (e) Specimen 5 using H99 filter 
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Figure 3. Reconstructions of center-slice (a) without DB correction (b) with DB correction (c) 
correction using Harms and Laratta’s method (d) correction using Andersson’s method 



 

 

Figure 4. Radial profiles of without DB correction and DB corrected using different methods  
 
 It is clear from Fig. 4 that CT imaging of moving solid objects needs to be carried out with 
care and the results are to be interpreted accordingly. More experiments, with different objects, are 
planned for further understanding of this dynamic bias effect in CT measurements.  
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