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Projection
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Attenuation Scatter
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Minimize cost function
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Iterative reconstruction
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State of the art

• Andre Ritter et al. (2013, ECAP)
• Bernhard Brendel et al. (2016, Philips)
• Andre Ritter et al. (2016, ECAP)
• Andreas Wolf (2016, ECAP)
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Ritter et al. (2013)

𝜇 𝛿 𝜎

Image resolution: 90 × 90

Simulated data (CXI)
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Brendel et al. (2016)

𝜇 𝛿 𝜎

Synchrotron data
Reconstruction with interlaced acquisition

Regularization term added
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Andreas Wolf (ECAP, Master thesis)

Image resolution: 60 × 60
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Ritter et al. (2016)
𝜇 𝛿 𝜎

Image resolution: 51 ×51
Real data of biological sample 
with conventional X-ray tube
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Reconstruction Framework of this thesis

𝜇 𝛿 𝜎

Image resolution: 512 × 512
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Contributions

• Development of reconstruction framework
• Polychromatic artifacts

• Enhanced optimization algorithm 

• Development of (pre-)processing methods

• Numerical analysis of the reconstruction algorithm

• Planning and execution of tomographic 
measurements to evaluate the proposed algorithms 
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Scalable to medical imaging?

Noise
Beam hardening

Stability

Gratings



27

Energy dependence of
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Dispersion
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Energy dependence of

Material
𝜇(𝐸), 𝛿(𝐸), 𝜎(𝐸) 

Interferometer
𝑁0 𝐸 , 𝜙0 𝐸 , 𝑉0(𝐸)
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Dark-field due to beam hardening
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How to deal with

beam hardening?
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Iterative reconstruction

Estimation

Polychromatic forward model

Measurement
Update

?

Reco
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From 
monochromatic

to
polychromatic
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𝐸

𝐼

Polychromatic Forward Model

15 keV 20 keV ... 60 keV Polychromatic
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𝜇 𝐸 = 𝜇(𝐸0) ⋅
𝐸

𝐸0
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Results
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Simulation data
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Reconstruction

𝐻2𝑂

𝑃𝑇𝐹𝐸
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Scatter
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𝐻2𝑂

𝑃𝑇𝐹𝐸

𝑃𝑀𝑀𝐴
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Real data
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Specimen
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Aluminum tube at 60 kVp

1.5 cm

0.5 cm
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Model vs. Reality
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Why the discrepancy?

Compton scatter?
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Why the discrepancy?

Lead
Collimator

𝐼0

𝐺0 𝐺1 𝐺2 𝐷

𝑂𝑏𝑗𝑒𝑐𝑡
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Syringe filled with Iodine (60 kVp)
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Conclusion
• Development of reconstruction 

framework
• Large reconstruction resolution possible

• Development of a polychromatic 
forward model
• Can reconstruct synthetic phantom data

• Discrepancy between real and expected 
data
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Outlook

•More evaluation on real data
•Adaption of the forward model
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Thank you
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Comparison of real and simulated data 
(radiographic)
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How to calculate
the line integrals?
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Summation over coefficients

1 3 3

4 3 6

2 2 3

7

13

7

7 8 12
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Line integral as weighted summation

1 3 3

4 3 6

2 2 3

𝒑 = 𝟐 ⋅ 𝟐 + 𝟐 ⋅ 𝟑 + √𝟐 ⋅ 𝟑



59

Line integral as weighted summation

𝒙𝟏 𝒙𝟐 𝒙𝟑

𝒙𝟒 𝒙𝟓 𝒙𝟔

𝒙𝟕 𝒙𝟖 𝒙𝟗

𝒑𝒊 = 

𝒋

𝒂𝒊𝒋 ⋅ 𝒙𝒋

𝒑𝒊

= 𝒂𝟒 ⋅ 𝒙𝟒 + 𝒂𝟓 ⋅ 𝒙𝟓 + 𝒂𝟖 ⋅ 𝒙𝟖 + 𝒂𝟗 ⋅ 𝒙𝟗
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𝒙𝟏 𝒙𝟐 𝒙𝟑

𝒙𝟒 𝒙𝟓 𝒙𝟔

𝒙𝟕 𝒙𝟖 𝒙𝟗

Line integrals as area weighted summation

𝒑𝒊 = 

𝒋

𝒂𝒊𝒋 ⋅ 𝒙𝒋

= 𝒂𝟏𝒙𝟏 + 𝒂𝟐𝒙𝟐 + 𝒂𝟑𝒙𝟑 + 𝒂𝟒𝒙𝟒

+𝒂𝟓𝒙𝟓 + 𝒂𝟔𝒙𝟔 + 𝒂𝟖𝒙𝟖 + 𝒂𝟗𝒙𝟗
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Non-rectangular representation of basis function
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Non-rectangular basis function

(a) Kaiser-Bessel function and
the (differential) footprint

(b) Smooth image function
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Discretization
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Memory efficient 
implementation

𝑁𝑇𝑜𝑡𝑎𝑙 = 𝑁𝐺𝑟𝑖𝑑
2 ⋅ 𝑁𝑃𝑖𝑥𝑒𝑙 ⋅ 𝑁𝑃𝑟𝑜𝑗

𝑁𝑇𝑜𝑡𝑎𝑙 = 5122 ⋅ 1000 ⋅ 720

Number of matrix elements

= 1.8 ⋅ 1011
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Outlook

• Evaluation on real data

𝜇 𝛿 𝜎
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Calculating three kinds of image information

Attenuation

Dark-field

Differential 

Phase

𝑇 = 𝑒−  𝜇 Ԧ𝑟 𝑑 Ԧ𝑟

Δ𝜙 =
𝑑

𝑑𝑥
  𝛿 Ԧ𝑟 𝑑 Ԧ𝑟

𝐷 = 𝑒−  𝜎 Ԧ𝑟 𝑑 Ԧ𝑟
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Full Setup Information
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𝜃

𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟

𝑆𝑖𝑛𝑜𝑔𝑟𝑎𝑚
Radon transform
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1 3 3
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2 2 3
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