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AI: “The art of creating machines that perform functions that require 
intelligence when performed by people”. [Kurzweil, 1990]                  
→ “automation of intelligent behavior” [Luger and Stubblefield, 1993]

1956: John McCarthy organized a 

conference and "The Dartmouth summer 

research project on artificial intelligence." 

The Dartmouth conference did bring 

together the founders in AI, and served to 

lay the groundwork for the future of AI 

research. 
John McCarthy regarded as father of AI



im Menü über: 

Start > Absatz > Listenebene 

Folie in Ursprungsform 

Wechsel des Folienlayouts 

4



im Menü über: 

Start > Absatz > Listenebene 

Folie in Ursprungsform 

Wechsel des Folienlayouts 

5

AI  >> Machine Learning (Deep Learning)

Media: AI = Machine Learning (Deep Learning)
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Wilhelm Conrad Röntgen (1845 – 1923)

First Nobel Prize in Physics First medical X-ray (hand of 
Röntgen’s wife Anna Bertha 
Ludwig), 1895

Biomedical Imaging

Imaging:

Making the invisible visible
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MRI

Biomedical Imaging

Radiograph PET

> 100 years 



im Menü über: 

Start > Absatz > Listenebene 

Folie in Ursprungsform 

Wechsel des Folienlayouts 

9

Biomedical Imaging

Cell Tissue Organnm µm cmmm
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Biomedical Image Analysis

Tasks: Knowledge extraction from image data

• Image enhancement

• Registration

• Motion analysis

• Segmentation (detection of anatomical structures)

• Quantification

• Decision-making (diagnosis)

• Therapy planning

• Computer-assisted surgery

• ………………
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Machine Learning in Biomedical Imaging
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• Classification: Globally classify the whole image (e.g. diagnosis)

• Segmentation: Locally classify each pixel into vessel yes/no

• Quantification: e.g. ratio artery / vein (after classification artery vs. vein)

Disease X/Y/Z
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Machine Learning

data
output
− number (classification,

regression)
model

ML

training data

Machine Learning is about prediction
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Machine Learning

probability for class 1

probability for class k

probability for class c

max.

probability

Learn a function:  probability of class i = F(x), i = 1, 2, …, c

Regression
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Machine Learning

P(cat) = 0.9

P(dog) = 0.1

Classification is done by regression (computation of probabilities)!

P(cat) = 0.2

P(dog) = 0.8
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Machine Learning: Linear Function

Input: N function values (t1, t2, …, tN) at positions (x1, x2, …, xN)

Output: determine (w0, w1) for t = w0 + w1x 

We need more complex function models!

Linear dependence of sales on advertising budget:
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Neural network as function approximator:

simple model of neuron

Machine Learning: Neural Network
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Machine Learning: Neural Network

Multilayer feedforward neural network:

output input

parameters

Theorem (multilayer networks are universal approximators): Multilayer networks with 

one hidden layer can approximate any function to any desired degree of accuracy.
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probability for class 1

probability for class k

probability for class c

max.

probability

Learn a function:  probability of class i = F(x), i = 1, 2, …, c

Regression

Machine Learning: Neural Network
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Machine Learning: Neural Network

data resultmodel

ML

Learning models from data for prediction
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Machine Learning: Tree-based Decision Models

Learning from tabular data towards decision trees 
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Machine Learning: Tree-based Decision Models
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Powerful ensemble tree models                          
(bagging, random forest, gradient boosted trees)

Machine Learning: Tree-based Decision Models
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Diatom classification: Application in biology, climate research, forensic medicine

Machine Learning: Tree-based Decision Models
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From the root maximal 11 tests; this 
maximal number is reached by two 
very similar patterns

Machine Learning: Tree-based Decision Models
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Deep Learning

?

cat

Features are more important than classifiers!

• Manual design by engineers

• Automatic feature learning from data (Deep Learning)



im Menü über: 

Start > Absatz > Listenebene 

Folie in Ursprungsform 

Wechsel des Folienlayouts 

26

Deep Learning

Classification: The second part of this architecture is often fully-connected  neural network.       
After CNN training this classification part could be replaced by any classifier; such a replacement 
may even result in improved classification performance.
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Deep Learning: Cell Segmentation

Ronneberger, 2015
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Deep Learning: Vessel Segmentation

Liskowski, 2016
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Deep Learning: Vessel Segmentation

2D retinal image + ground 
truth (STARE, DRIVE, etc.)

3D OCT angiography

Kuhlmann, 2021
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Deep Learning: Nuclei Detection

Xu, 2016

Nuclei detection in breast cancer histopathology:
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Deep Learning: Image Segmentation

Scherzinger, 2018

Segmentation of Drosophila macrophages in in-vivo fluorescence microscopy images:
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Deep Learning: Image Segmentation

Scherzinger, 2018
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Deep Learning: Optical Flow Computation

How can we describe 
the motion between 
the two frames?
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Deep Learning: Optical Flow Computation

Dosovitskiy, 2015
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Deep Learning: Optical Flow Computation

PET:  Heart movement, 3D optical flow vectors

Ultrasound: Heart movement, 2D optical flow vectors
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“We should stop training radiologists right now, in 5 
years deep learning will have better performance" (2016)

Deep Learning: Diagnosis

Barriers slow AI/DL’s move to                     
the mainstream in medical imaging

• Many technical challenges

• Integration of AI/DL tools into medical workflows

• Challenging regulatory process and legal issues

Turing Award 
laureate 2018
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Deep Learning: Diagnosis
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AutoML

Automated machine learning 
(AutoML): make the numerous decisions 
of system design in an objective and 
automated way → democratization of 

machine learning: with AutoML, 
customized state-of-the-art machine 
learning is at everyone’s fingertips
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AutoML
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Explainable AI

Azulay, 2019
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Explainable AI

Eykholt, 2018
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Explainable AI
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Explainable AI
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Biomedical Imaging

> 100 years 

There is no modern biology and medicine without imaging

+ Powerful (ML-based) image analysis algorithms & tools 
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Machine Learning for Bioinformatics 
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Machine Learning for Bioinformatics 

Min, 2017
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Machine Learning for Bioinformatics 

Min, 2017
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Machine Learning for Bioinformatics 

Chen, 2022
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Machine Learning for Bioinformatics 
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Clustering

Group data into clusters such that there is
• high intra-class similarity (→ compact clusters)
• low inter-class similarity (→ good separability)
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Clustering: K-Means

Example: k=2
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Clustering: K-Means

Example: K-Means for 
MNIST digits data; 
k=16. (a) The 16 
cluster centers. (b-q) 
25 data examples for 
each of the 16 clusters. 
The clusters roughly 
grab digits with similar 
stroke patterns.
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Machine Learning for Bioinformatics 

A main limitation of one-way clustering algorithms when applied to 
high-dimensional molecular data for disease subtyping is that cluster 
assignment of samples is based on the assumption that all molecular 
features are relevant to the sample groups or disease subtypes.

Biclustering (or two-way clustering, co-clustering, two-mode clustering) 
is a popular statistical method for simultaneously identifying groups of 
samples (rows) and groups of variables (columns) characterizing different 
sample groups. 
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Machine Learning for Bioinformatics 

Zhang, 2021
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Machine Learning for Bioinformatics 
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Machine Learning for Bioinformatics 

Machine Learning provides powerful tools for bioinformatics

• omics data analysis

• biomedical imaging

• biomedical signal processing


