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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	0

	
	Practical exercises (school internships)
	15

	Total in-class work
	45

	Out-of-class work
	Presentations/reports
	10

	
	Homeworks
	20

	
	Bibliographics
	30

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	60

	TOTAL ACADEMIC WORK
	105

	ECTS credits in-class work
	1,5

	ECTS credits out-of-class work
	2,0

	TOTAL ECTS CREDITS
	3,5

	№
	Grade components

	% of the grade

	1. 
	 Presentations/reports
	10 

	2. 
	 Homeworks performance 
	15

	3. 
	Problem solving
	15

	4. 
	Exam
	60

	Outline of the course:

	The course for students with interests in the field of medical image reconstruction, processing and analysis techniques. The course is intended to acknowledge the students with the basic principles of image reconstruction and image analysis techniques.


	Preliminary requirements:

	 The course requires that the students are familiar with general mathematics and physics disciplines as well as basic programming skills. The course requires also basic knowledge on the principles of operation of transmission and emission tomography scanners, CT, PET and SPECT.  


	Key competences acquired:

	 The students will acquire knowledge on the basic principles of the image reconstruction and analysis techniques, including some basic mathematical concepts used for image reconstruction and image analysis.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1.
	Introduction to medical imaging. Basic problems in medical imaging. 
	1

	2.
	Basic properties of the Fourier transform.  Fourier transform and convolution. 
	1

	3
	The Hough transform. Projection and sonogram. Storage of data from transmission and emission tomography scanners.. 
	4

	4
	The Radon transform. Central slice theorem. Filtered backprojection. Filters. Application in transmission tomography (CT). 
	4

	5
	The Maximum likelihood method. Principles and basic properties. 
	2

	6
	Maximum likelihood reconstruction. EM algorithms. The notion of system matrix. Accelerated EM reconstruction by means of ordered subsets (OSEM). Application in PET and SPECT.
	4

	7
	Corrections in image reconstruction. Attenuation correction, scatter correction and random correction. 
	2

	8
	MRI image reconstruction.  К-space. 
	4

	9
	Image analysis. Linear and non-linear filters. Segmentation. Morphological operations. 
	4

	10
	Image registration. Deformable and non-deformable registration. Cost functions and similarity measures. 
	2

	11
	Image comparisons. Difference image nad distance to agreement. Gamam analysis. 
	2


Practical exercises
	№
	Topic:
	Acad. hours

	
	
	

	1.
	Linear and non-linear filters. Application to images. 
	1

	2.
	Generation of projections and image sonograms. 
	1

	3
	Short introduction to  ImageJ  (open source)
	3

	4
	Image reconstruction – Filtered back-projection 
	3

	5
	Image reconstruction -  ML-EM and OSEM
	3

	6
	Image registration – deformable and non-deformable image registration. 
	2

	7
	Image comparions. Evaluation of statistically significant differences between images. 
	2


	Topics Covered on the Final Exam

№
	Topic

	1.
	The Fourier transform. Fourier transform and convolution. 

	2.
	Hough Transform. Projection and sinogram.

	3.
	The Radon transform. Filtered backprojection. Application in CT. 

	4.
	The maximum likelihood method. Likelihood function. Basic properties and applications. 

	5.
	Maximum likelihood based image reconstruction. ЕМ algorithms.Principles of OSEM. Applications in PET and SPECT.

	6.
	Corrections. Attenuation correction, scatter and random corrections.  

	7.
	К- Space. MRI image reconstruction. .

	8.
	Linear and non-linear filters. Image segmentation..

	9.
	Image registration. Deformable and non-deformable image registration.Similarity measures and transformation methods.  

	10.
	Image comparisons. Difference image and distance to agreement.  Gama-analysis.  
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






