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Abstract 
Increasing the X-ray tomography acquisition rate is of high importance especially in medical applications as well as dynamic 
processes investigation. Thanks to the high brilliance of synchrotron radiation, it is possible to reduce the exposure time and do 
a tomographic scan with a sub-second temporal resolution which allows following dynamic processes in 4D (3D space + time). 
On the other hand, increasing the acquisition rate leads to more background noise which strictly limits the advantages of high 
rate scan. We apply a new fast denoising technique using universal properties of eigen-spectrum of random covariance 
matrices. Our proposed technique is established based on the principal component analysis (PCA) of redundant data which 
shows that most of the signal-related variance is contained in a few components, whereas the noise is spread over all 
components. Extensive numerical evaluations of the proposed technique on a real dataset were acquired at the TOMCAT 
beamline with its ultra-fast endstation, show significant improvement in the quality of reconstructed images and elimination of 
noise. 
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1  Introduction  
To follow up of dynamic processes in 4D (3D space + time) is a key advantage of ultra-high rate computed tomography. This 
ultra-high rate tomography acquisition, exploiting the distinctive peculiarities of synchrotron radiation, provides nondestructive 
investigation of many dynamic processes which were not possible in the past. The high brilliance of synchrotron radiation 
enables us to reduce the exposure time and do a tomographic scan with a sub-second (up to 50ms) temporal resolution. 
Higher scan rate means shorter exposure time and lower radiation dose that directly influences image quality because of 
quantum statistics. A close relationship exists between pixel noise σ and radiation dose d [1], which is expressed as:  
(1)  σ ∝ 1/sqrt(d). Ignoring the electronic noise caused by electronic devices, quantum statistics is the dominant source of 
noise. Eq 1 demonstrates that reducing the radiation dose increases pixel noise and degrades image quality so that deteriorates 
the contrast and reduces the visibility of small objects. Therefore, it is important to properly account for the noise, prior to 
tomographic reconstruction (projections domain) particularly for ultra-fast scan. 
Many denoising methods have been developed to improve the quality of images and control noise such as total variation 
denoising [2], bilateral filtering [3],  nonlocal means denoising [4] and K-SVD denoising [5]. In [6], window-based multi-
wavelet transformation and thresholding are used to remove the additive white Gaussian noise in CT images. By estimating the 
local noise level, the adaptive nonlocal means filtering method proposed in [7] extends the original non-local means NLM and 
considers variation within and across slices of CT images. 
We apply a new adaptive denoising technique using universal properties of eigen-spectrum of random covariance matrices. 
Our proposed technique is established based on the principal component analysis (PCA) of redundant data which shows that 
most of the signal-related variance is contained in a few components, whereas the noise is spread over all components. The 
number of signal-carrying principal components, i.e. the number of components that significantly contribute to the description 
of the underlying CT projection, is unknown and is expected to depend on imaging factors such as resolution, exposure time 
and SNR. Hence, an objective criterion to discriminate between the signal-carrying and noise-only components is missing. 
Commonly used criteria include thresholding of the eigenvalues associated with the principal components by an empirically set 
value. In this work, we synthesize each data matrix X (projection) by a linear combination of a few linearly independent 
sources, or principal components, that can be derived via the singular value decomposition of X and then objectify the above-
mentioned threshold for PCA denoising by exploiting the distribution of noise-only eigenvalues in X. This particular 
distribution is a universal signature of noise in the data matrix eigenspectrum. The distribution edge distinguishes between 
noise and significant signal carrying principal components. Nullifying all noise-only eigenvalues and reconstructing the 
synthesized data matrix results in a denoised projection and consequently denoised reconstructed images. 
To evaluate our proposed technique, we apply the technique on a real dataset, were acquired at the TOMCAT beamline with its 
ultra-fast endstation. Significant improvement in the quality of reconstructed images and elimination of the noise is seen by our 
proposed technique. Furthermore, we will show by studying residuals that the proposed technique preserves the underlying 
signal better than other state-of-the-art CT denoising techniques. In the followings, we explain the considered experimental 
setup in detail.  
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2  Experimental setup and methodology  
We performed our experiments with the ultra-fast setup of the TOMCAT beamline at Swiss Light Source (SLS) on a 2.9 T 
superbend as source; the phantom was placed at about 25 m downstream from the source. The photon flux at the exit of the 
bending magnet is of the order of 1013 photons/s/0.1 %bw, with a critical energy at 11.9 keV. Filtered polychromatic X-rays 
(dumping 5 % of the total power) with a mean energy of 30 keV were incident on the sample attached to the tomography stage 
with three translational and one rotational degrees of freedom. In this setup the maximum rotation speed of the high-precision 
stage is 600 rpm and by that the limit of tomographic acquisition speed was 20 Hz. The TOMCAT beamline experimental 
setup is shown in Figure 1. 

            
Figure 1: Experimental setup at the TOMCAT beamline (Ultra-fast endstation)          Figure 2: QRM-MicroCT-Barpattern  
 
In order to examine the effect of temporal resolution (scan speed) on the noise and the robustness of our proposed denoising 
method, we performed several tomographic scan of the QRM-MicroCT-Barpattern (figure 2) with different exposure time (0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1 and 2ms)  and scan rate, using two different thickness of LAG:Ce scintillator (100um and 300um), 
following this protocol: 10 dark frames, 400 prior flat frames, 500 projections, 400 post flat frames.  
All tomographic scans, reconstructed using SIRT algorithm which is implemented within the ASTRA toolbox [8], Projections 
and reconstructed images compared visually and quantitatively. Figure 3 shows one slice of the reconstructed images of a scan 
with 2ms exposure time without denoising (a) and with proposed denoising algorithm (b). Figure 3 (c) shows the removed 
noise (residual image). More results and comparison with other state of the art of denoising techniques will be presented in the 
full paper. 

 
          (a)                               (b)                   (c) 

Figure 3, (a) reconstruction without denoising, (b) reconstruction with PCA_based denoising, (c) residul image 
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