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Overview Module 07 Part 1 X-ray

∗ Part 1a: Basic principles of X-ray

– EM radiation 

– X-ray tube and detection

∗ Part 1b: Clinical techniques and applications

– Fused visualization

– Registration in various types: rigid, elastic, vascular 

– Clinical applications: 

• (1) Needle registration and navigation during live 

interventions, and 

• (2) Stenting with live artery overlay visualization 
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An X-ray system: Philips X-ray C-arm
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Basic principles: EM radiation – (1)
∗ EM Radiation, examples

– Visible light, radio waves, x-rays, gamma rays

– Has no mass, is unaffected my magnetic/electric fields, 

– constant speed through a medium (max. 3x108 m/s in vacuum)

– Characterized by: photon wavelength, frequency, energy/ph E 



3

5

PdW-SZ / 2015 

Fac. EE  SPS-VCA

Introduction Medical Image Processing /

5XSA0 / Module 03 Image Restoration

Basic principles: EM radiation – (2)
∗ Photon energy

– Expressed in electron Volts (eV), typical medical MeV and keV

– 1 eV is the energy to transfer the electron across 1 V difference 

potential in vacuum

∗ Ionizing radiation

– Occurs when photons are in the far UV range of the spectrum

– Wavelength lamba > 200 nm

– Photon: sufficient energy to remove electrons from atomic shells 

leading to ionized atoms and molecules (for X-rays and gamma)

– Ionizing state depends on the matter, ionizing energies for 

Calcium, glucose, liquid water are 6.1, 8.8 and 12.1 eV For the 

human body it is approx. 11 eV.  
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Basic principles: characteristic X-rays – (1)

∗ Electron transitions: emission of radiation

– Spectrum can be in the range of visible, UV or X-ray

– Large emissions > 100 eV give charact. or fluorescent X-rays

– E_ x-ray = E_ b vacant shell – E_ b transition shell where b refer to binding 

an example is : M to K shell transition in Tungsten would produce 

a K-shell X-ray of 67 eV.

∗ Gamma rays

– Radioactive decay often results in a daughter nucleus in an 

excited state

– The EM radiation emitted when the nucleus goes to a lower but 

more stable state is gamma radiation
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Basic principles: characteristic X-rays – (2)

∗ Example: Tungsten electron transition
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Basic principles: production of X-ray – (1)

∗ The X-ray tube with Tungsten material

– Spectrum can be in the range of visible, UV or X-ray
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∗ Different forms 

of radiation 
Bremsstrahlung occurs 

when electrons interact 

with nucleus, loss of 

kinetic energy gives X-

ray 

∗ amount is inversely 

proportional to the 

interaction distance

∗ Only high-energy 

radiation is kept after 

filtering 

Basic principles: production of X-ray – (2)
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∗ X-ray tube example construction: principle

Basic principles: production of X-ray – (3)
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∗ X-ray tube example construction: focal spot length

Basic principles: production of X-ray – (4)
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Basic principles: production of X-ray – (5)

∗ Focal length

– Effective focal spot length is smaller due to geometry projection

– Effective focal length = actual focal length x sin(theta)
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Basic principles: production of X-ray – (6)
∗ Shaping the radiation beam with collimator blades
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X-ray attenuation through the human

∗ I and I0 are output and input X-ray intensities

∗ µ is the attenuation along the ray path

Ruijters et al.: "GPU-Accelerated Digitally Reconstructed Radiographs", Proc. BioMed, 2008, pp 431-435
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Basic principles: Detection of X-ray – (1)

∗ Detection with CCD chip

– Time-delay and integration 

system (TDI)

– CCD chip is read-out at a 

velocity –V

– Synchronizing read-out 

with scanning motion 

above patient, the signal at 

detection travels through 

entire field of view of 

detector (addressing all 

dexels = detection elem’ts)
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Basic principles: Detection of X-ray – (2)

∗ Detection w. TFT panels
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Basic principles: Detection of X-ray – (3)
∗ Detection with TFT panels

– Principles of direct and indirect detection; direct detectors use 

semicond. material producing electron-hole pairs proportional to X-ray
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Basic principles: Detection of X-ray – (4)

∗ Standard Setup with TFT panels

– Light bulb in collimator allows focus positioning on patient 

– Anti-scatter grid photocell improves travelling of X-ray beam process 
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Reference book
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Overview Module 07 Part 1 X-ray

∗ Part 1a: Basic principles of X-ray

– EM radiation 

– X-ray tube and detection

∗ Part 1b: Clinical techniques and applications

– Fused visualization

– Registration in various types: rigid, elastic, vascular 

– Clinical applications: 

• (1) Needle registration and navigation during live 

interventions, and 

• (2) Stenting with live artery overlay visualization 
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Fused visualization – (1)
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Fused Vis. – (2) / First render mesh
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Fused Vis. – (3) 

Then draw a slab of the morphological dataset

Ruijters et al.: “Silhouette Fusion of Vascular and Anatomical Data,” Proc. ISBI'06, pp. 121-124
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Stencil buffer (extract vessel model)

Click 2xStencil buffer 

is working 

memory to 

create and 

work on 

detailed model
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Then create fused visualization

Ruijters et al.:

"Real-time integration of 3-D 

multimodality data in interventional 

neuroangiography",

J. Electronic Imaging 18(3), 2009

Click 3x

a. Original X-ray

b. Vessel fusion

c. Fused model 

visualization
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Registration - (1) / Joint histogram
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Registration – (2) / Resampling

Joint histogram: increment(g,g)

Data of second signal needs to be re-sampled to align with 

sampling grid of primary signal.
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Registration – (3) / 

3DRA – MR, before & after
D. Ruijters: "Multi-modal image fusion during minimally invasive treatment", PhD thes. TU/e & KU Leuv., 2010
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Registration – (4) / 3DRA – MR registrat.
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Registration – (5) / 

AVM case: fused visualization

Ruijters et al.: 

"Validation of 3D multimodality 

roadmapping in interventional 

neuroradiology", 

Physics in Medicine and Biology 

56(16): 5335-5354, 2011

Click 3x 
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Registration / Elastic deformation

∗ Parameterized deformation:

∗ B-spline deformation:

J. Kybic, M. Unser:  “Fast Parametric Elastic Image Registration”
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Registration – elastic / Cubic B-spline

=

Sigg and Hadwiger: “Fast Third-Order Texture Filtering”, GPU Gems 2
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Registration – elastic / 

GPU Cubic Interpolation

Real-time implementation via look-up tables

∗ 2D: 4 linear-interpolated lookups, instead of 16 

direct lookups 

∗ 3D: 8 linear-interpolated lookups, instead of 64 

direct lookups 
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GPU Elastic Registration Iteration

1. Generate deformed image on GPU & store to texture

2. Calculate Similarity Measure & First-Order Derivative 

on GPU

3. GPU is 10x faster than SSE and 100x faster than 

CPU

Ruijters, ter Haar Romeny, Suetens: 

“Efficient GPU-Accelerated Elastic Image Registration,” Proc. BioMed 2008, pp. 419-424
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∗ Intensity-based methods � - landmarks too small

∗ Iterative Closest Point � - segmentation not robust

∗ Conclusion: new method needed

DRR X-ray

Vascular Reg / 2D-3D Vessel Registration
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Vascular Reg. / Vesselness Filter

Frangi et al.: “Multiscale vessel enhancement filtering,” MICCAI'98, 130-137
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Vascular Reg. / Distance Transform
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Vascular Reg. / Similarity Measure

*

Ruijters, ter Haar Romeny, Suetens:

“Vesselness-based 2D-3D registration of the coronary arteries",

Int. J.CARS 4:391-397, 2009

The obtained model can be 

registered on later X-ray images 
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Clinical Applications – (1) 

Needle-based intervention / planning
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Clinical Applications – (2) 

Intra-operative needle registration
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Clinical Applications – (3) 

Needle Navigation

Ruijters, Spelle, Moret, Babic, Homan, Mielekamp, ter Haar Romeny, Suetens:

"XperGuide: C-arm Needle Guidance", ECR 2008, Eur. Radiol. 18, Suppl  1, p. 459
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Clinical Applications – (4) / 

Stenting for de-blocking artery
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Clinical Applications – (5) 

Stenting: Overlay visualiz.

Ruijters, ter Haar Romeny, 

Suetens:

"Vesselness-based 2D-3D 

registration of the coronary 

arteries",

IJ Comp Ass Rad Surg 4(4): 391-

397
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Thanks to Dr. Danny Ruijters of

Philips Healthcare for 

beautiful visual material!
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Appendix slides – (1)

First-Order Derivative of Sim. Measure
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Appendix slides – (2)

Derivative of the Similarity Measure

SSD:
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Appendix slides – (3) 

Derivative of the Deformed Image

∗ Sobel operator to calculate H &V gradients:

-1 0 1

-4 0 4

-1 0 1

1 4 1

0 0 0

-1 -4 -1
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Appendix slides – (4) 

Derivative of the Control Points

∗ Constant

∗ B-spline: separable kernel of fixed size



25

49

PdW-SZ / 2015 

Fac. EE  SPS-VCA

Introduction Medical Image Processing /

5XSA0 / Module 03 Image Restoration

Appendix slides – (5) 

Optimization

∗ Many parameters: huge parameter space

∗ Solution: use derivatives like Jacobian, Hessian to 

find direction in huge space

∗ Example algorithms using this principle: 

– Gradient Descent 

– Quasi-Newton

– Levenberg-Marquardt


