FUSION-BASED ALGORITHM
FOR X—RAY PHASE
CONTRAST IMAGING
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Phase Contrast
Imaging

» Promising refraction-based X-ray
Imaging technique

» Improved visibility for soft tissue

» Potential to reduce the radiation
dose

» Enables the visualization of three
types of contrast images
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Grating Interferometry Technique

> Talbot-Lau Interferometer
set-up, consisting of 3
micro-periodic gratings, an

X-ray source and a detector.

> Principle of attenuation,
differential phase and
scattering computing, for
each pixel.
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Phase stepping method

» Complementary
information,
provided by the
three signals of an
ablated breast
recorded with a
conventional X-ray
tube source. [2]
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What if we find a method to merge just the

meaningful information in one single image?



Experimental set-up

a) X-ray tube.and ikl - . | » - alyzer grating and
source grating =~ o8 - A s UM PR e detector
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5.66 m Long Talbot-Lau Interferometer, consistingof ~ /ngular Sensitivity 0.82 pradians

2.4 ym period gratings, within X-ray Imaging Fringe Visibility 15%
Laboratory from ELI-NP

Mean Energy 30 keV
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Image Fusion Algorithm

Ifused

Following the approach of Eduard Coello, In C Wt
[3]
latt - Faie ~<l>— FO aee i/
w Weighted combinations of
G ph frequency components:
Iraw G g
dataset Iphase thase ‘L)—‘ F phase -
G Wscatt
lscatt +— Fscatt —— FGscatt (L

Apply 2D TFD , and compute
Gaussian function




Frequency domain:

Fore(u,v) = Flg (x,y)},

Flphase|(u: V) = F{I|phase|(x: 3’)}

r(u, v) =+ (U2 + v?)

(r—w? =
Froare(v) = F{lopqrs (%, 1)} G(wo,m) = exp(—-= ) FG = wattFattG+ wphaseFphaseG +
wscattFscattG

2DFT

2D Gaussian

Gaussian Functions for Different Images

»where Watt’ thase and Wscatt
are corresponding weights

»>the assignment of the
constants depends on the
nature of the Investigated
tissue

Gaussian Function Value




Results

Attenuation image Phase image Scattering image Fusion image
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End of thick muscular wall Adipose tissue Visible density variations

Experimental results for a chicken gizzard. a. attenuation image; b. differential phase contrast image; c.
scattering image; d. fusion image (with the weighting constants set as follows: W =1, Wy, =3 ,and Wy oy =
6)

> the fiber-like texture of the thick muscle is preserved
> small density variations in the adipose and muscular tissue
> sharpness increase
> hoise reduction



Results

a) Attenuation image b) Phase image c) Scattering image d) Fusion image
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Bone structure \ The fibrous structure of the muscle tissue Adipose tissue edges Edges enhancement

Experimental results for three different types of tissue: bone, muscle, and adipose matter.
a. attenuation image; b. differential phase contrast image; c. scattering image; d. fusion image (with the
weighting constants set as follows: w,; =1, Wy, =5, and Wy =4 )
> small differences in density variations
> feature enhancement
> better margin delineation



Conclusions

» a hew approach, improving the visualization of complex objects, composed of different types of
tissues

» Talbot-Lau Interferometer with an ultrahigh sensitivity of 0.82 urad was employed

» two objects, consisting of different types of tissue, have been investigated

» phase-stepping method for image processing: three contrast images: attenuation, phase and
scattering

> significant improvements in merging the individual content of each signal with different
percentages

» edge and feature enhancement, and better visualization of structural characteristics of tissue,

noise reduction
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