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As experts for wide-bandgap-based power electronics we ensure sustainable 

mobility and energy supply.
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Fraunhofer Organization

◼ Application Oriented R&D

◼ ca. 30000 Employees 

◼ ca. 74 Research Institutes

◼ Budget about 3.6 B€/year 

Fraunhofer IISB

◼ Director: Prof. Dr.-Ing. Jörg Schulze

◼ R&D Fields

◼ Power Electronic Systems   

◼ Semiconductor Technologies (Si & SiC) 

(1000 m2 clean room (Cl 10, CMOS))

Fraunhofer IISB in Erlangen in the immediate 

vicinity of the Faculty of Engineering campus 

of the University of Erlangen-Nuremberg
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Cognitive Power Electronics enables real-time condition awareness and 

predictive maintenance across power electronic systems.
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Intelligent Drives Intelligent Battery Systems Intelligent DC-Grids

Health Monitoring

Anomaly Detection

Fault Detection 
& Classification

Predictive Maintenance
Applied AI

Data Analytics

Machine Learning

Power Electronics
▪ AI-driven insights from existing 

electrical signals

▪ Embedded intelligence directly 

in power electronics

▪ Enables monitoring, prediction 

and adaptive behavior
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Failure

Critical system states remain hidden despite the availability of electrical data.

▪ Health and degradation are often only indirectly observable

▪ Extra sensors add cost & integration effort 

→ Existing electrical signals are rarely used for deeper 

system understanding

▪ As systems become more complex, reactive monitoring 

(e.g., maintenance at fixed intervals) is no longer sufficient
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Degradation
Drift

Anomalies
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There is a fundamental gap between available data and actionable system 

understanding.
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▪ Measurements

▪ Signals

▪ Data

▪ State awareness

▪ Diagnosis

▪ Prediction

▪ Action

Missing integration 

of analytics, 

system knowledge, 

and embedded 

implementation

Current State Transition Desired State
▪ Raw measurements alone do not 

provide condition awareness

▪ Data, domain knowledge, and 

control logic are often not 

integrated

▪ Decisions are therefore still based 

on thresholds rather than real 

system behavior



PublicPage

Cognitive Power Electronics enables condition awareness directly within the 

system.

▪ Extends capabilities of converters 

beyond mere energy conversion

▪ Integrates sensing, analytics, and 

decision support within a single 

system

▪ Shifts intelligence nearer to the 

physical process
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Before

After

Energy Conversion

Control

Energy Conversion

Condition awarness

Embedded analytics

Condition-based action

Maintenance based 

on fixed intervals

Reactive fault 

detection
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Cognitive Power Electronics builds on five complementary capabilities.
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Power as a Network

Multiple systems exchange

information and coordinate behavior

Cognitive Power 

Electronics

Five layers of one 

evolving capability

Power as a Monitor

Anomalies and deviations are 

detected in real time

Power as a Sensor

Electrical signals reveal 

internal system states

Power as a Brain

Embedded models support 

prediction and adaptive decisions

Power as a Service

Enable digital services

and new business models
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Three key elements are required to realize Cognitive Power Electronics.
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Models must run under real hardware 

and latency constraints

Embedded deployment

AI must be combined with physical 

system understanding

Domain-informed analytics

Relevant electrical quantities must be 

available with sufficient quality

Signal accessSignal access

Domain-informed
analytics

Embedded
deployment
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The same principles apply across different power electronic systems.
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Intelligent Drives Intelligent Battery Systems Intelligent DC-Grids

Power as a Service

Power as a Sensor

Power as a NetworkPower as a Monitor

Power as a Brain

▪ Different applications 

share the same 

underlying logic

▪ Signals, models, and 

constraints differ →

the concept remains 

the same

▪ Enables a scalable, 

cross-domain approach 

to cognitive power 

electronics

Application of 

CPE capabilities
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Drive health can be inferred from inverter signals for early anomaly detection.
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▪ Use of current signals as virtual 

sensors

▪ Detection of bearing and inverter-

related anomalies

▪ Early warning enables condition-

based maintenance
Examples for a healthy and damaged bearing
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Battery systems benefit from combined state estimation and anomaly 

detection.
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Overview of the battery system under investigation

▪ Collection of battery-related data 

from realistic drive cycles

▪ Hybrid physics- and data-based 

models (data covers system current, 

cell voltages and temperatures)

▪ Training of machine learning models 

for automated failure detection and 

classification enables improved 

safety and lifetime through better 

system awareness
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Data-driven methods enable stability assessment and coordinated grid 

behavior.
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Model of a 4-participants DC grid

▪ Instabilities in DC networks occur 

when networks are reconfigured 

(e.g., by adding or removing loads)

▪ DC grid stability modeling by 

combining DC grid simulation with 

surrogate modeling by random 

forests

▪ Application of random forest models 

enables stability optimization of the 

DC microgrid by adjusting grid 

parameters 
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Cognitive Power Electronics enables software-defined, reliable, and intelligent 

energy systems.
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Practical entry pathStrategic impact

Start with one 
valuable use case

Validate on 
subsystem / edge

Scale to product 
platform

Reliability

Software-defined 

products / services

Differentiation and 

competitivness
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This presentation

is available at the

PCIM website 

Thank you for 

your attention!

I‘m pleased to answer 

your questions: 

christoph.blechinger

@iisb.fraunhofer.de 
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