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© Fraunhofer 

Medical Knowledge Through Research

Jeff Dean, Google

DEEP LEARNING (DL):

Deep neural networks 

exploit the property that 

many natural signals 

are compositional 

hierarchies, in which 

higher-level features are 

obtained by composing 

lower-level ones

In essence, deep convolutional neural

networks (CNNs) learn very large, non-

linear filter functions from rich training

data with millions degrees of freedom.
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Reduction of the acquired data to 29% (speed x3.4)

Deep learning acts as intelligent interpolator
learning dictionaries of plausible image patches.
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DL creates totally new portrait
photos, starting from existing
ones, even mixing them.
(Kerras, Laine, Aila, Mar 2019)
see also: „thispersondoesnotexist“
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© Fraunhofer 

Medical Knowledge Through Research

Example: Precision Medicine for Prostate Care Relies on Imaging at Numerous Stages

Early Detection
Diagnosis & 

Staging
Therapy Follow-Up

Images Courtesy by Uni Heidelberg, University Nijmegen, 
MedicalNewsToday, IBA Molecular, AUA

Anamnesis 
and DRE Sonography

Histology
RPE

PSA Control

PSA
mpMRI

CT

SPECT / PET

Radation

Brachytherapy

Detection of
Recurrence

Genomics

… and imaging

…
…

… by imaging

Active 
Surveillance

HIFU

Large Steps Towards the New Medicine

Radiology Oncology

Radiomics
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"We are morphing 
so fast that our 
ability to invent new 
things outpaces the 
rate we can civilize 
them." 
The Inevitable, Kevin Kelly, 2016
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„Screening“ = Find the N relevant differences (N: unknown)
(doctors must find any relevant difference in very complex medical images. For illustration, here a non-medical search task is shown)

Why do we like such search games?

…because we humans are not particularly good at it.

(most people take 1-3 minutes to find the 3 differences.)

© Fraunhofer 

Medical Knowledge Through Research

25

Information Integration Across Scales
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Highly Precise Spatial Correlation of Serial Tissue Sections
(trained networks detect patterns that are projected to multiple stainings, 

and combined for completely new quantitative phenotyping approaches)

Deep learning (DL) for pattern recognition in 3 stages

• Automatic segmentation of annotated structures

• Prediction of clinical categories and parameters 
from image data 

• Prediction of clinical categories and parameters
from image data with corresponding clinical data

Comparison of DL results and Radiomics features
with framework for algorithm validation ChallengR

Research and Development Platform for 
Reproducible Deep Learning
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Watching the Learning of a CNN: Automatic Liver Analysis
Grzegorz Chlebus, Hans Meine, et al.

Examples for CNN based liver tumor segmentation
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Visualization of Temporal Changes in a Lung CT (left) & 

Uncertainty of a Premature Segmentation Network (right)

Fraunhofer
MEVIS

exhale deformed inhale

subtraction image

Radiomics: Prediction based on features beyond size and shape.

Hot Research Topic: Explainable Artificial Intelligence (XAI)
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Humans are not particularly

good at:

A) Quantifying complex

(and even simple) patterns

B) Assessing change in

complex scenes

C) Drawing decisions in more

than 3-4 dimensions

These are reasons for building

human-computer teams.

Fraunhofer MEVIS 

„Werkstatt der Digitalen Medizin“
Building Completion 2020

The Digital Medicine Revolution consists of 

islands, first small and disjunct, then larger and

interconnected.

Asking what will or won‘t be replaced by

computers is the wrong question.

We need captains, ship builders, and tillermen

guiding us to what the future of medicine shall

become. 
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