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Course description 
The IPA course is giving an introduction to image processing and analysis methods and algorithms. The 
course consists of two parts – basic and advanced. The basic part is primarily devoted to general princi-
ples of image acquisition, preprocessing and some simple analytical methods. The second part intro-
duces several advanced methods for image analysis and classification as well as analysis of hyperspec-
tral images. In both parts the theory is supplemented with real life examples and exercises. 

The course is introductory and practical oriented, all lectures illustrate the theoretical material with real 
world examples, but the most of the methods are given without deep mathematical background. How-
ever, all corresponding math can be found in the books and articles, presented in reference section at 
the end of this document. 

The first part of the course includes 7 lectures (120–150 minutes each) with live exercises. The second 
part includes 5 lectures and exercises. The outline of the lectures is given below. Most of the lectures 
have corresponding practice sets, where students will try the discussed methods. Each set includes Ex-
ercises – a list of required tasks, and (some of the sets) Assignments – more advanced problems to 
solve. Assignments are not required to do, but highly recommended. The practice sets as well as dataset 
with images, needed to complete the sets, are distributed among course participants. 

Each part of the course has 2 ECTS points value. In order to evaluate the student activity a report is 
needed for each practice set. The reports should include all used images (originals and processed) and 
their descriptions, details of how a particular problem has been solved, answers to questions, student 
comments, necessary to understand what have been done, and conclusions. 

Requirements and software 
There are no special requirements needed besides some basic knowledge in math (elementary statis-
tics, geometry, linear algebra) and good computer skills (experienced user level). 

The practical exercises imply using ImageJ software (rsbweb.nih.gov/ij/) for the first part of the course 
and Evince (www.umbio.com) for the second part. The ImageJ is free and open source software for im-
age processing and analysis, it can be download from the mentioned website and used either with Win-
dows, Mac OS X or Linux (or any other Unix clones). The Evince is also cross-platform program and it 
has a trial version for education purposes. You are welcome to install both programs to your laptops in 
advance, if you have any questions or problems with installation, please, feel free to contact me. 



Lectures plan 
Lecture presentations will be available for download after the course. 

First part 

1. Introduction. Digital images. Color models and modes  
Basic terms and definitions. Color models and modes. Representation of digital images. Properties of raster 
images. Acquisition, displaying and storing of raster images. Lossless and lossy image compression. Main 
problems of digital image processing and analysis – an overview. Software for image processing and analysis. 
Simple operations with images in ImageJ.  

2. Geometrical transformations and distortions correction 

Transformation of coordinates and transformation of objects. Linear and nonlinear transformations. 
Interpolation methods for geometrical transformations. Spatial distortion corrections using control points. 
Geometrical measurements on images. Geometrical operations in ImageJ 

3. Image adjustments. Pointwise operations and filtering 

Common definitions. Image intensity histogram and its properties. Arythmetical and logical operations. Basic 
pointwise operations – linear, power law, piecewise linear. Histogram equalization. Image filtering. Linear and 
nonlinear filtering. Basic linear filters. Median filter. Adaptive filtering. Image processing and filtering in ImageJ. 

4. Image segmentation and edge detection 
Problem statement. Classification of segmentation methods. Thresholding. Pixels clustering. Merging regions 
methods. Watershed segmentation. Segmentation of textures. Image derivative and edge detection. Zero 
crossing filter. Canny edge detector. Active contours. Thresholding and edge detection in ImageJ. 

5. Morphology based operations 
Basic terms and definitions, math background. Basic morphology operations – dilation, erosion, opening and 
closing. Hit and miss. Contour and skeleton. Object filling. Complex operations. Morphology operations for 
grayscale images. Morphological operations in ImageJ. 

6. Image analysis basics. Statistical analysis. Analysis of particles. 

Introduction to image analysis problem. Getting image features – examples. Calculating and using image 
statistics. Analysis of cells and particles. 

7. Advanced image processing and analysis with ImageJ 

Automate tasks and create custom tools using macros. Process and analysis of images in batch (stacks). 
Extending ImageJ with plugins, developing your own plugins.  

Second part 

1. Image analysis and classification.  

Problem statement, the main steps of image analysis. Overview of methods for data analysis. Short 
introduction to multivariate data analysis concept. Getting image features – examples. Using statistics as 
feature vector for image classification. 

2. Analysis of textures 

Basic terms and definitions. Types of textures. Texture classification based on statistical features. Getting 
textural features using gray level co-occurance matrices. Using principal component analysis for texture 
discrimination. Wavelet decomposition of images. Using statistics of wavlet decomposition coefficients for 
description of textures. 



3. Description of isotropic images with fractal analysis and Angle Measure Technique 

Concept of fractal dimension, analysis of fractal objects in nature. Using fractal dimension for description of 
image complexity. Traditional AMT algorithm, description of complexity of geomorphic lines. Mean angle 
spectrum as an image feature vector. Texture classification and image regression with AMT. 

4. Multivariate image analysis 

Problem statement. Image as a multivariate data. Basic aspects of MIA – scores plots, density of pixels, 
scores images. Image segmentation and classification with MIA. Applications of MIA in different scientific and 
industry areas. Multivariate image regression. Analysis of multivariate images in Evince – an overview and 
examples. 

5. Preprocessing and analysis of hyperspectral images 

Multispectral and hyperspectral imaging – background and equipment. Image calibration. Preprocessing of 
hyperspectral images. Analysis of hyperspectral images in Evince. Classification of hyperspectral images. 
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