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Overview

Artificial Intelligence (AI) technologies are ready to be used

Usage of data in industrial context: specific challenges

Applications of AI technologies are based on heavy data usage

Examples from Healthcare

Leverages for Artificial Intelligence in Industry
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Many major breakthroughs in AI have occurred since 2011

Before 2011 2011 – 2016: Expected by 2030+

1997: IBM
Deep Blue
defeats
world’s chess
champion
Kasparov

2011:
Watson wins
Jeopardy!
against most
successful
contestants

1946: Zuse’s
Z3,
first
programmable
electronic
computer

2005:
Honda’s
humanoid
robot Asimo
comes to life

202x: All-over
virtual
personal
assistants as
interface for
consumers

2016:
AlphaGo
beats Lee
Sedol in a
Go match

~2035: Fully
auto-
nomously
driving  cars
become
market-ready

2011: Siri,
Apple’s
intelligent
assistant
debuts on
the iPhone

20xx:
Robots
may build
robot
“children” on
their own

Algorithmic advances in
deep learning

Major breakthroughs

Massive venture
capital flow

Open platforms
and data bases

Business-to-Business as
new application field
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AI / Data analytics is changing from description to prescription

Value and Complexity

Inform

Analyze

Act

Descriptive

Examples
• Plant operation report
• Fault report

What happened?

Diagnostic

• Alarm management
• Root cause

identification

Why did it happen?

Predictive

• Power consumption
prediction

• Fault prediction

What will happen?

Prescriptive

• Operation point
optimization

• Load balancing

What shall we do?
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Project Clinical Data Intelligence

Funded by the
Federal Ministry for Economic Affairs and Energy

Technology Program “Smart Data”

Clinical Data Intelligence
Klinische Datenintelligenz
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Clinical Decision Support for patient centric data

• EHR: structured information;
• Annotations of unstructured

information

• Molecular Data
• Omics, Genetics
• Expression data

• Terminologies, Ontologies,
Semantics

• Guidelines

• Medical reports
• Literature

Data

Heterogeneous & relational

Data analytics Use-cases

Prescription:
Procedure

Prediction:
Diseases

… many
others

Semantics &
Reasoning

Representation
Learning

Deep / Machine
Learning

Combination

Clinical Data Intelligence
Klinische Datenintelligenz
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Characteristics of healthcare data
Heterogeneous, relational and high data privacy

Leber mit kranio-kaudalem Durchmesser von 15,5 cm.

Größenprogrediente, unscharf abgrenzbare Hypodensität links temporal nach
kranial bis nach parietobasal reichend (IMA 7-22; aktuell etwa 8 x 7 x 6 cm -
Voruntersuchung etwa 4,5 x 3,5 cm) mit einzelnen, neuaufgetretenen,
stippchenförmigen Hyperdensitäten (IMA 11-14).

Etwas kaudal hiervon im Unterlappen am Lappenspalt zentral ein 1.3 cm (VU
1.3 cm) großer Rundherd mit weiterhin deutlich vermehrtem FDG-Uptake
(SUV max. 3.9; VU 5.7; IMA 182) im Oberlappen lappenspaltnah ein 1.0 cm
(VU 1.0 cm) großer Rundherd mit vermehrtem FDG-Uptake (SUV max. 0.8;
VU 1.5; IMA 199) sowie auf gleicher Höhe im Unterlappen dorsal paravertebral
zwei Rundherde mit Ausläufern von 1.5 cm (VU 1.3 cm) und lateral hiervon
zwei verschmolzene Lymphknoten von zusammen 1.7 cm Durchmesser (VU
1.5 cm + Satellit von 0.9 cm) mit deutlich vermehrtem FDG-Uptake (SUV max.
4.0; VU 3.2 bzw. SUV max. 6.6; VU 4.8; IMA 207) und im costophrenischen
Winkel dorsal ein 0.9 cm (VU 0.5 cm) großer Rundherd mit vermehrtem FDG-
Uptake (SUV max. 1.7; VU 1.7; IMA 234).

Clinical Data Intelligence
Klinische Datenintelligenz
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Understanding clinical reports
Size Specifications represented as knowledge graph

Commonly used types to describe
the size of anatomical entities.

Interval
• Anterior-posterior diameter of liver: 10-13 cm

• Thickness of wall of gallbladder: 0.1 -0.3 cm

Normal Value
with deviation

• Truncus pulmonalis: 1.4 cm +/- 0.4 cm

Upper Bound • Normal lymph node < 1 cm

Lower Bound
• Normal aorta diameter > 4 cm at root

• Enlarged lymph node > 1 cm

Basic form: anatomical entity, quality, value specification

Knowledge Model: 50 size specification about 38 different
anatomical entities

Normal Upper Bound Specification
Example: Lymph nodes are normally < 1 cm

Clinical Data Intelligence
Klinische Datenintelligenz
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Understanding clinical reports
Recognition of entities from ontologies and measurement information

radlex:lymph node

“Enlarged lymph node right paraaortal below the renal pedicle now 23 mm.”

measurement

value           unit

23 uo:millimeter

radlex:lymphadenopathy radlex:kidney

radlex:renal pedicle

radlex:lateral aortic lymph node radlex:inferior para-aortic lymph node

radlex:right

radlex:enlarged

radlex:inferiorradlex:paraaortic

.23 uo:centimeterradlex:inferior para-aortic lymph node

Knowledge-based measurement-entity resolution1):

Evaluated on radiology reports

radlex:breast mass has synonyms:
mass, nodule, lesion, nodular
enhancement, area of enhancement

500 sentences from lymphoma patients:
F-measure 0.85

500 sentences from internistic patients:
F-measure 0.78

Example:

Clinical Data Intelligence
Klinische Datenintelligenz
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Improved visualization
Longitudinal view on reports from consecutive examinations
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Disease Symptom Navigator
Knowledge Graph aligning patients’ findings with related diseases

Patient Data Space Disease Symptom Knowledge Graph
Clinical Data Intelligence
Klinische Datenintelligenz
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Disease Symptom Navigator
Ranking of likely diseases
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Disease Symptom Navigator
Recommendation of follow-up examination
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What is needed to foster Artificial Intelligence in Industry?
Leverages

Smart Data Ecosystem Experimental Mindset
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