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COURSE ORGANIZATION

Lecturers

- Michael Habeck (Microscopic Image Analysis)

- Christoph Biskup (Biomolecular Photonics)

- Fengjiao Ma, Rainer Heintzmann (Institute of Physical Chemistry,
Bio-Nanoimaging Group)

Course organization

- weekly lecture (Wednesday 10:15 — 11:45)
- and exercise (Wednesday 13:00 - 14:30) via zoom

- visit the course page for material and links to exercise, zoom
meeting, etc.


https://uni-jena-de.zoom.us/j/3372359734
https://www.uniklinikum-jena.de/medpho/en/Semester+information/Winter+term+2020_2021/1st+semester/Module+F1_1+_+Image+Processing+I.html

https://www.uniklinikum-jena.de/medpho/en/Semester+
information/Winter+term+2020_2021/1st+semester/Module+F1_
1+_+Image+Processing+I.html
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SOME USEFUL REFERENCES

- R. Chityala & S. Pudipeddi: Image Processing and Acquisition Using
Python (CRC Press, 2020)

- T. Salditt, T. Aspelmeier & S. Aeffner: Biomedical Imaging (DeGryter,
2017)

- B. Jahne: Digital Image Processing (Springer, 2005)

- D. Beazley & B. Jones: Python Cookbook: Recipes for Mastering
Python 3 (O'Reilly, 2013)

- ). VanderPlas: A Whirlwind Tour of Python (O'Reilly, 2016)

A Whirlwind

IMAGE PROCESSING

AND ACQUISITION BIOMEDICAL Digital ”
USING PYTHON Tour of Python

Image Processing

Pythort «
Cookbook




WHY DO WE NEED IMAGE PROCESSING?

Image processing is cross-disciplinary and essential in many fields of
science



https://www.nature.com/articles/d41586-019-01155-0

WHY DO WE NEED IMAGE PROCESSING?

Segmentation in medical imaging

from: https://commons.wikimedia.org

from: https://commons.wikimedia.org


https://en.wikipedia.org/wiki/Medical_image_computing
https://en.wikipedia.org/wiki/File:3D_CT_of_thorax.jpg

WHY DO WE NEED IMAGE PROCESSING?

Sharpening images by deconvolution
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from: M. D. Lallo: Opt. Eng. (2012) 51



https://doi.org/10.1117/1.OE.51.1.011011
https://link.springer.com/chapter/10.1007/b102215

WHY DO WE NEED IMAGE PROCESSING?

rom: https://www.leica-microsystems.com/science-lab/introduction-t lefiels [


https://www.leica-microsystems.com/science-lab/introduction-to-widefield-microscopy

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Electron beam

Ice layer

Micrograph



SINGLE-PARTICLE ANALYSIS IN CRYO-EM

The resolution revolution: from 'blobology’ to near-atomic resolution

Apo Pol Il Apo Pol Il Pol Il elongation complex
17 A resolution 10 A resolution 3.9 A resolution

from: J. Hanske, Y. Sadian & C. W. Muller: Curr. Opin. Struc. Biol. (2018) 52:8-15
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https://doi.org/10.1016/j.sbi.2018.07.002

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Motion correction

®©

Realign

Average | U} ‘

Reconstruct

l..

from: D. Elmlund & H. Elmlund: Annu. Rev. Biochem. (2015) 84:499-517
X. Bai, G. McMullan & S. H. W. Scheres: TIBS (2015) 40:49-57


https://doi.org/10.1016/j.tibs.2014.10.005

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Particle Picking

from: R. Hall & A. Patwardhan: J. Struct. Biol. (2004) 145:19-28


https://doi.org/10.1016/j.jsb.2003.10.024

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Class averaging

Class
Average

Particles
it

from: R. Hall & A. Patwardhan: J. Struct. Biol. (2004) 145:19-28
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https://doi.org/10.1016/j.jsb.2003.10.024

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Ab initio reconstruction

from: P. Joubert & M. Habeck: Biophys. J. (2015) 108:1165-1175



https://doi.org/10.1016/j.bpj.2014.12.054

SINGLE-PARTICLE ANALYSIS IN CRYO-EM

Structure refinement

from: W. Kiihlbrandt: Science (2014) 343:1443-1444
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https://science.sciencemag.org/content/343/6178/1443

LEVELS OF COMPUTERIZED IMAGE PROCESSING

Low-level processes involve primitive operations such as

- preprocessing to reduce noise

- contrast enhancement

- image sharpening

Input and output are typically images
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Low-level processes involve primitive operations such as
- preprocessing to reduce noise
- contrast enhancement
- image sharpening
Input and output are typically images
Mid-level processes involve tasks such as

- segmentation
- classification of individual objects

Attributes are extracted from images



LEVELS OF COMPUTERIZED IMAGE PROCESSING

Low-level processes involve primitive operations such as
- preprocessing to reduce noise
- contrast enhancement
- image sharpening
Input and output are typically images
Mid-level processes involve tasks such as

- segmentation
- classification of individual objects

Attributes are extracted from images
High-level processes involve operations such as
- image analysis
- cognitive functions associated with human vision



SOME DEFINITIONS

An image is a two-dimensional function f(x, y)
where x and y are spatial coordinates

columns
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N-1

from: B. Jahne: Digital Image Processing (Fig 2.1)
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An image is a two-dimensional function f(x, y)
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from: B. Jahne: Digital Image Processing (Fig 2.1)
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SOME DEFINITIONS

An image is a two-dimensional function f(x, y)
where x and y are spatial coordinates

f(x,y) is the intensity or gray level of the image
at point (x, y)
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are finite, discrete quantities, the image is a
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SOME DEFINITIONS

An image is a two-dimensional function f(x, y)
where x and y are spatial coordinates

f(x,y) is the intensity or gray level of the image
at point (x, y)

When all coordinates (x, y) and intensities f(x, y)
are finite, discrete quantities, the image is a
digital image

A digital image is composed of a finite number of
elements, each of which has a particular location
and value

from: B. Jahne: Digital Image Processing (Fig 2.1)
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SOME DEFINITIONS

An image is a two-dimensional function f(x, y)
where x and y are spatial coordinates

f(x,y) is the intensity or gray level of the image
at point (x, y)

When all coordinates (x, y) and intensities f(x, y)
are finite, discrete quantities, the image is a
digital image

A digital image is composed of a finite number of

elements, each of which has a particular location
and value

These elements are referred to as image
elements, picture elements or simply pixels

from: B. Jahne: Digital Image Processing (Fig 2.1)
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MULTIDIMENSIONAL IMAGES

Scan Ti:Sa Laser

TCSPC Module

El Filter Fibre bundle

oM

from: W. Becker, A. Bergmann & C. Biskup: Microsc. Res. Tech. (2007) 70:403-409
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https://doi.org/10.1002/jemt.20432

MULTIDIMENSIONAL IMAGES
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from: W. Becker, A. Bergmann & C. Biskup: Microsc. Res. Tech. (2007) 70:403-409


https://doi.org/10.1002/jemt.20432

DOING IMAGE PROCESSING WITH COMPUTER PROGRAMS

Developing programs for image processing involves several steps:

- Definition of the problem
- Draft of an algorithm to solve the problem
- Draft of the structure of the program

- Writing the actual program in a suitable programming language
(coding)

21



CONTEMPORARY MULTILEVEL MACHINES

Level 5 | Problem-oriented language level |

Translation (compiler)

Level 4 | Assembly language level |

Translation (assembler)

Level 3 | Operating system machine level |

Partial interpretation (operating system)

Level 2 | Instruction set architecture level |

Interpretation (microprogram) or direct execution

Level 1 | Microarchitecture level |
Hardware
Level 0 | Digital logic level |

from: A.S. Tannenbaum & T. Austin: Structured Computer Organization, 6th edition

22



FUNCTIONALITY OF MICROCODE

- Instructions for integer multiplication and division

- Floating-point arithmetic instructions

- Instructions for calling and returning from procedures
- Instructions for speeding up looping

- Instructions for handling character strings

- Indexing and indirect addressing

- Relocation facilities

- Interrupt systems

- Process switching

- Processing audio, image, multimedia files

23


https://en.wikipedia.org/wiki/microcode

PROGRAMMING LANGUAGES

Procedural languages

- ALGOL
- Basic, Fortran, Pascal
- C
Object-oriented languages
- Simula
- Smalltalk

- C++, CH, Java
- Python

24



PYTHON

- It's free and open-source

- Among the most widely used programming languages, there is a
huge community of developers

- Very simple and clearly structured syntax

- Powerful libraries for: array processing (numpy), scientific
computing (scipy, skimage, sklearn), plotting and visualization
(matplotlib, seaborn)

- Features: interpreted (interactive use), object-oriented

- Powerful tools: IPython interpreter, jupyter notebook and console
- Extending Python: C/C++ extensions, Cython

- Be aware: Python 2 vs Python 3

25



THE ZEN OF PYTHON

Jupyter QtConsole X

Eile Edit view Kernel window Help

Jupyter QtConsole 4.7.1

Python 3.6.9 (default, Oct 8 2020, 12:12:24)

Type 'copyright', 'credits' or 'license' for more information
IPython 7.13.@ -- An enhanced Interactive Python. Type '?' for help.

In [1]: import this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat is better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren't special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!

In [2]: |

26



PYTHON

If Python 3 is not yet installed on your computer the easiest is to
install the Anaconda distribution from Continuum Analytics, freely

available at:

https://www.anaconda.com/products/individual

The integrated development environment (IDE) Spyder is part of
Anaconda:

https://docs.anaconda.com/anaconda/user-guide/...
... tasks/integration/spyder/

27


https://www.anaconda.com/products/individual
https://docs.anaconda.com/anaconda/user-guide/tasks/integration/spyder/
https://docs.anaconda.com/anaconda/user-guide/tasks/integration/spyder/

SPYDER

- Integrated Development Environment (IDE) Spyder (Scientific
PYthon Development EnviRonment) for the development of
Python programs

- Spyder offers editors, consoles, tools to organize suites of
programs and libraries, automatic spell-checking, and debugging

- Spyder is a free, interactive IDE that is included with Anaconda

- After installing Anaconda, one can start Spyder on MacOS, Linux, or
Windows by opening a terminal or a command prompt window
and entering the command spyder

- Spyder is also pre-installed in the graphical Anaconda Navigator
included in Anaconda

28



SPYDER

Spyder (Python 3.6)

it Search Source Run Debug Consoles Projects Tools View Help

EEQ pPOBDG MM == E B LA & 9 |/homemhabeck LX)

Py Source |Console - | Object -l &

ing_I_2020_2021

0| temppy X | tutorialpy % =

e Here you can get help of any object by pressing
Created on Mon Sep 28 14:46:45 2020 Ctrls1 in front of it, either on the Editor or the
Console.

Help can also be shown automatically after writing
alleft parenthesis next to an object. You can
myar = 4+ (3-2) activate this behavior in Preferences > Help.

1
2

3

a

5

6 @author: mhabeck
S

8

s

0

1

New o Spyder? Read our tutorial

[yvariable = myvar < 3

Variable explorer | Help | Plots  Files

03| Console 1/A % T4

Python 3.6.9 (default, Oct 8 2020, 12:12:24)
Type "copyright”, "credits” or "license” for more information.

IPython 7.13.0 -- An enhanced Interactive Python.

In [1]:

IPython console | History.
< LSP Python: ready 4 Kite: indexing  Line11,Coll UTF-8 LF RW  Mem 62%
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SPYDER

Spyder (Python 3.6)

it Search Source Run Debug Consoles Projects Tools View Help

EEQ pOBDPG N EEE=»E 53 & @ & < /home/mhabeck ML X
i ing_1_2020_2021 ialpy Source |Console ~ | Object -/ & =
O temppy X | tutorialpy % =
1
2
S .
e Here you can get help of any object by pressing
4 Created on Mon Sep 28 14:46:45 2020 Ctrlsl in Front of it, either on the Editor or the
s Console.
6 @author: mhabeck
7 Help can also be shown automatically after writing
& aleft parenthesis next to an object. You can
5 mvar<a(32) activate this behavior in Preferences > Help.
10
1 fyvariable = myvar < 3 New to Spyder? Read our tutorial

Variable explorer | Help | Plots  Files

03| Console 1/A % T4

Python 3.6.9 (default, Oct 8 2020, 12:12:24)
Type "copyright”, "credits” or "license” for more information.

Ed Itor IPython 7.13.@ -- An enhanced Interactive Python.

In [1]:

Console

IPython console | History.
< LSP Python: ready 4 Kite: indexing  Line11,Coll UTF-8 LF RW  Mem 62%



GETTING STARTED WITH PYTHON 3

< c @ © | @& hteps: v.educative.io/courses/learn-python-3-from-scratch SRS 13 Yin@D e D
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Audit This Course

Course Overview

OR
Learn Python 3 for free with this interactive course, and get a handle on the most popular
programming language in the world.  Unlimited access to all
190+ courses
Join us on an interactive journey through the syntax and functionality of Python. The course
/ Completion Certificates

begins by exploring the basic building blocks before moving on to higher-level concepts such
as func... See more

$3099 $17.s7

(per month)
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