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Experimental Setup and results

Introduction
Polychromatic X-ray sources are commonly employed for medical
Computed Tomography (CT). However, most of them are processed as
mono-energetic CT measurements by conventional CT detectors which
can not take advantage of the energy information in the X-ray beam.
Photon-counting detectors are able to detect each photon individually. In
the energy-resolving case, we get more than a single measurement per
pixel, as shown in Fig. 1.

We simulated a set of fluoroscopic images using an append
buffer based rendering procedure [2] using XCAT. An X-ray
spectrum with the same half layer values as a commercially
available C-arm system is used. Projection size was simulated
with 620×480 pixels with a pixel size of 0.6 × 0.6 mm. The
peak-voltage was set to 90 kV. We applied a time current
product of 2.5 mAs, which is comparable to the
dose setting per projection in a clinical 3D scan. The
projection was centered around the heart to focus on the
coronary arteries, which were filled with an iodine-based
contrast medium (comparable to Ultravist 370). Energydependent X-ray absorption coefficients for elemental data
and compounds such as bone were obtained from the NIST
database. All methods were implemented in the CONRAD
framework [3].

Fig. 1: Binning of a X-ray spectrum into 3 bins

It is worth mentioning that the noise from photon-counting energyresolving detectors can be modeled by using Poisson statistics accurately
and easily, which is a great advantage in projection based denoising
processing. In this project, We presented a novel approach for noise
reduction of energy-resolved projection images as well as simulated
results.

Noise Reduction with Joint Bilateral Filtering
To obtain an image with distinct structures and reduced noise, we summate
the photons of all energy-selective projection images 𝐼𝑏 to recover the
projection image 𝐼 covering the full energy spectrum:

Fig. 2: Line integral images with and without noise (top row) and
after restoration using JBF filtering (bottom row).
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We use 𝐼 as a guidance image for a joint bilateral filter (JBF) [1] to
compute energy-selective projection images 𝐼𝑏′ with reduced noise but
preserved structures:
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Figure 2 displays the simulated images of the first energy
channel with and without noise. The relative root mean
square error (rRMSE) that is normalized with the maximal
intensity in the noise-free image is reduced from 2.89% to
0.59%. Note that the rRMSE was only evaluated at pixels that
did not suffer from photon starvation (excessive white noise)
in the noisy image, while all pixels were considered for the
JBF denoised images.
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Conclusions
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We presented a novel approach for noise reduction of energyresolved projection images. The idea of a contour-aware joint
bilateral filtering to energy-resolving detectors is applied in
this study, which could reduce noise but well preserve edges
and structures. As shown in the result, denoising with JBF
and contour-aware JBF is very successful, which could reduce
noise by 80% while at the same time preserving edges and
structures well. We will apply this method to realistic data in
the future work and explore potential clinical applications.
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Where 𝑔𝑠 𝑥, 𝑖, 𝑦, 𝑗 is the spatial kernel controlled by 𝜎𝑠 and 𝑔𝐼 𝑥, 𝑖, 𝑦, 𝑗 is the
range kernel controlled by 𝜎𝐼 and the guidance image 𝐼.

The range kernel is configured such that a certain contrast difference D is
preserved:
0 −𝜇𝑏𝑔 𝑙 𝑏𝑔
0 −(𝜇𝑏𝑔 𝑙 𝑏𝑔 )−(𝜇𝑣 𝑙 𝑣 )
𝐷 = 𝐼1 − 𝐼2 = 𝐼 𝑒
−𝐼 𝑒
= 𝐼1 𝑧,
Where The X-ray absorption 𝜇 𝑏𝑔 and the path length 𝑙 𝑏𝑔 correspond to the
anatomic background, while 𝜇𝑣 and 𝑙 𝑣 define absorption and path length
corresponding to a contrast agent filled vessel.
The parameter 𝑧 is only dependent on the vessel size and material. Note
𝐼2
that 𝑧 can be conveniently computed as 𝑧 = 1 − . This leads to a contour
𝐼1

adaptive definition of the bilateral filter with 𝜎𝐼 = 𝐼(𝑥, 𝑦) ∙ 𝑧, where 𝐼(𝑥, 𝑦) is
the mean value of the guidance image in a local neighborhood.
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