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Organisational information

• Contact data:

Lehrstuhl für Experimentalphysik - Medizinische Physik

Am Coulombwall 1, 85748 Garching b. München 

Telefon: +49(0)89 289-14171
Fax: +49(0)89 289 14072
E-Mail: marco.riboldi@physik.uni-muenchen.de

Consultation upon appointment

mailto:marco.riboldi@physik.uni-muenchen.de


Literature

Gonzalez and Woods, Digital Image Processing, 4th Ed., Pearson,

ISBN: 9780133356724

Kristy K. Brock, Image Processing in Radiation Therapy, CRC Press,

ISBN: 9781439830178

Isaac H Bankman, Handbook of Medical Image Processing and Analysis, 
2nd Edition, Academic Press, ISBN 0123739047

Additional topic specific references will be indicated for each lecture



Schedule

Monday, 20 April 2020 Introduction to digital imaging

Wednesday, 22 April 2020 Fundamentals of image processing and enhancement

Monday, 27 April 2020 Image enhancement in the spatial domain

Wednesday, 29 April 2020 Image enhancement in the frequency domain

Monday, 4 May 2020 Image segmentation basics

Wednesday, 6 May 2020 EXERCISE: Enhancement in spatial domain

Monday, 11 May 2020 Advanced image segmentation

Wednesday, 13 May 2020 Morphological filters & 3D surface modeling

Monday, 18 May 2020 Image feature extraction

Wednesday, 20 May 2020 EXERCISE: Enhancement in frequency domain

Monday, 25 May 2020 Wavelets and compressed Sensing

Wednesday, 27 May 2020 Radiomics

Monday, 1 June 2020 Holiday

Wednesday, 3 June 2020 EXERCISE: Segmentation

Monday, 8 June 2020 Image registration: rigid

Wednesday, 10 June 2020 Image registration: deformable

Monday, 15 June 2020 Image registration: validation issues

Wednesday, 17 June 2020 EXERCISE: Compressed sensing

Monday, 22 June 2020 Neural networks in image processing

Wednesday, 24 June 2020 EXERCISE: Registration and B-splines

Monday, 29 June 2020 Deep learning in medical image processing (1)

Wednesday, 1 July 2020 Deep learning in medical image processing (2)

Monday, 6 July 2020 Image pattern classification

Wednesday, 8 July 2020 EXERCISE: Machine learning

Monday, 13 July 2020 Image visualization and rendering

Wednesday, 15 July 2020 Imaging standards: DICOM and DICOM-RT

Monday, 20 July 2020 Data transmission and networking: PACS, RECORD and VERIFY

Wednesday, 22 July 2020 EXERCISE: DICOM



Notes on exercises and exam

• The exercise sheet / assignment will be delivered at least 1 week in 
advance

• Calculations / coding assignment based on lectures

• Solutions will be discussed in the exercise class

• Bonus for delivering solutions to the exercises

• Solutions will be evaluated (4 out of 7, selection on your choice!) and 
contribute to the overall exam score

• The exam will be oral (update on COVID-19 later in the semester)



INTRODUCTION TO DIGITAL 
IMAGING

Lecture 01



Digital imaging technologies

ISBN: 978-0387289861



Pixels / voxels

Digital 
radiography
2048 x 1536

Digital image samples in 2D / 3D images:
• Image intensities are defined on a specific sampling grid
• Isotropic / anisotropic grid size
• Several applications (e.g. segmentation, registration) require interpolation within the 

grid



2D image: projective geometry

SOURCE

(0,0)

Center of rotation

(-cx,-cy)

Panel rotations

Imaging Isocenter



3D image: slice orientation



Image sampling / quantization

Let us assume x = 0,1,2,…,M-1  and y = 0,1,2,…,N-1

𝑓 𝑥, 𝑦 =

𝑓(0,0) 𝑓(0,1) … 𝑓(0, 𝑁 − 1)
𝑓(1,0)
…

⋱
𝑓(1, 𝑁 − 1)

…
𝑓(𝑀 − 1,0) 𝑓(𝑀 − 1,1) … 𝑓(𝑀 − 1,𝑁 − 1)

where each single entry can take intensity values 
coded in a given number of bits. Let us assume L is 
the total number of bits, then intensity values are 
in the range:

(0,…,2L-1)



Image sampling / quantization



Basic geometrical concepts

Segmentation / 
Contour 
representation



Example: MetaImage format



Image interpolation

Compute image intensities in-between voxels
 Trilinear interpolation

Required for segmentation and registration

Three steps of linear interpolation
• Step 1: find intensity in a, b, c and d
• Step 2: find intensity in e, f
• Step 3: find intensity in g

𝐼 𝑎 =

𝐼 𝑐110
𝑡𝑥

𝑥𝑐110 − 𝑥𝑐010
+

𝐼 𝑐010
𝑥𝑐110 − 𝑥𝑐010 − 𝑡𝑥

𝑥𝑐110 − 𝑥𝑐010

Voxel
(sample)
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J Med Phys 2012;37:174-82

Digital image processing in adaptive RT

Follow-up 
imaging



J Med Phys 2012;37:174-82

Image enhancement

Follow-up 
imaging



Enhancement in the spatial domain

M x N image
m x n filter mask (odd filter size)

𝑔 𝑥, 𝑦 = ෍

𝑠=−𝑎

𝑎

෍

𝑡=−𝑏

𝑏

𝑤 𝑠, 𝑡 𝑓(𝑥 + 𝑠, 𝑦 + 𝑡)

with: 𝑎 =
𝑚 − 1

2

𝑏 =
𝑛 − 1

2

Image convolution with a filter 
(kernel)



Enhancement in the frequency domain



Compressed sensing

Compresses sensing in MRI:
• uses sparse representation in an appropriate transform domain (e.g wavelets)
• acquisition of encoded samples, rather than direct pixel samples (e.g., in spatial-

frequency encoding)



J Med Phys 2012;37:174-82

Image segmentation

Follow-up 
imaging



Image segmentation

Med Phys. 2014 May;41(5):050902.

Manual / assisted / automated 
techniques

Create a binary image (inside / 
outside)
• 3D model needed for planning
• Same sampling grid of the original 

image
• Refinement possible with 

morphological filters
• May need to reach sub-voxel 

accuracy tessellation



Morphological filters

Basic operations on binary images:
• Contour refinement
• Merging of contours
• Expansions (e.g. application of margins)



Modeling of 3D surfaces

Med Phys. 2017 Jul;44(7):e43-e76

Beam aperture

Transfer contours



J Med Phys 2012;37:174-82

Image feature extraction

Follow-up 
imaging



Image feature extraction

Phys Med Biol. 2015 Jul 21;60(14):5471-96

Extraction of global/local 
image features:
• Automation preferred
• Identification of specific 

structures
• Matching with different 

imaging studies 
(different image / time 
series)

• Correlation with 
clinically relevant 
outcome?



Image feature extraction: radiomics

Strahlenther Onkol. 2017 Oct;193(10):767-779



J Med Phys 2012;37:174-82

Image registration

Follow-up 
imaging



Fixed Image

Moving Image

Metric

Interpolator Transformation

Optimization
algorithm

voxels

voxels

voxels

Fitness
value

Image registration



Rigid / deformable image registration

rigid deformable



Registration validation: qualitative

Med Phys. 2017 Jul;44(7):e43-e76

Crosshair check
Split view

Image difference /  
overlay

Contour overlay



Registration validation: quantitative

Med Phys. 2017 Jul;44(7):e43-e76

Contour-based metrics

Vector-field based metrics



J Med Phys 2012;37:174-82

Image pattern classification

Follow-up 
imaging



Image pattern classification

Convert to 
grey values Threshold

Find(pixel_values)>0.9

Template Matching

*

Template
mask



J Med Phys 2012;37:174-82

Neural networks and deep learning

Follow-up 
imaging



Neural networks and deep learning



Neural networks and deep learning

Example: generation of synthetic CT (sCT) from MRI in MR-guided RT:
• No correlation to CT intensity
• Air and bone have no signal

Courtesy of Prof. Landry



J Med Phys 2012;37:174-82

Visualization and rendering

Follow-up 
imaging



Visualization and rendering

2D visualization:
image slices

Image volume 
visualization

Indirect
3D visualization:
isosurface

Direct
3D visualization
(direct volume
rendering)



Imaging standards: DICOM

Data Set

Data Element

Tag
Value 

Length
Value Field

optional field - dependent on 
negotiated Transfer Syntax

VR

Data Elem. Data Elem.Data Elem. Data Elem.

order of transmission

Examples:

• Rows (0028,0010)

• Columns (0028,0011)

• Slice Thickness (0018,0050)

• Slice Location (0020,1041)

• PixelSpacing (0028,0030)

Columns= 512

R
o

w
s 

= 
5

1
2



Radiographics. 2009 May-
Jun;29(3):655-67

Data transmission and networking



Data transmission and networking


