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Problem Statement

 Electrical Motors are an essential 
part of our daily live

 According to an FhG ISI study [2] electrical motors are 
responsible for 40% of the worldwide power consumption 
and in consequence for 20% of the worldwide CO2 
emission. An efficiency gain of about 30% is said to be 
feasible.

 Condition monitoring of electrical machines, drives and 
applications is certainly not in widespread use (about 
99.99% of all motors do not have this). Unexpected 
downtime causes an economical damage of 56 billion € 
in industry and intralogistics worldwide and lowers 
overall equipment effectiveness to only 60%

 Great potential to enhance motor systems with embedded 
AI systems

 But: Strict requirements in terms of energy and cost 
require specialized HW solutions



Goals of ECOMAI

 Develop a Edge AI Solution to be integrated into Motor drive systems 
consisting of:

 Specialized AI hardware platform

 Development kit with AI compiler, Model-based design and simulation environment

 AI Applications for Predictive Maintenance and Energy-efficient Control to execute 
on the hardware

 Targets: 

 AI-enhanced Ecological Electrical Drive Systems: Reduced energy demand and 
longer lifetime

 Reduced downtime of systems due to AI-enhanced predictive maintenance  



AI becomes bigger and bigger – Anti Thesis: TinyML

Size of AI 
models

Memory of
AI HW 
Plattforms

ChatGPT 
~1Trillion 
params*

*https://www.wired.com/story/how-chatgpt-works-large-language-model/

Figure: https://medium.com/riselab/ai-and-memory-wall-2cb4265cb0b8
https://www.cnx-software.com/2022/10/31/tinyml-cam-pipeline-esp32-fast-image-
recognition/



The hidden AI Revolution: tinyML

https://www.cnx-software.com/2022/10/31/tinyml-cam-pipeline-esp32-fast-image-recognition/

https://www.informationweek.com/data-management/the-future-of-ai-is-tiny/

https://www.abiresearch.com/press/tinyml-device-shipments-grow-25-billion-2030-15-million-2020/



Technology Value Chain



Project Outcomes (Demonstrator, KPIs)

Project Outcome Demonstrator KPIs
Specialized Edge AI Hardware 
with AI Compiler

Hardware Chip Prototype (IFX)
with AI Compiler (IFX,TUM,SCCH)

• Performance per Watt/Chip Area Unit
• AI Memory Compression Ratio

Development Kit:
Model-based Design Environment 
for AI-enhanced Motor System

Full-system Simulation Support

Enterprise Architect - IoT-PML extension

VP of motor system and AI HW

• Design time reduction (Time-to—
market)

• Design Quality Improvement
• Safety Qualification

Motor System Energy Consumption
Motor System Lifetime

AI Enhancement 
for Electrical Drive Systems –
Ecological Control

Test environment dynamic load change 
motor control application 

Motor System Energy Consumption
Motor System Lifetime

AI Enhancement 
for Electrical Drive Systems–
Predictive Maintenance

train door/PSD test platform with fault 
induced scenarios for AI model 
development to test a predictive 
maintenance use-case. 

Prediction Accuracy
Reduction of System Downtime

Lower Entry for SMEs into AI-
Enhanced Motor Drive Technology

Evaluation on Use Cases from SME 
partners

Easy adoption of project results by SMEs



Highlights and demonstration (1)
ECOMAI | Technical Achievements

- In-project trainings of use case partners in modeling and AI methodologies

- Testbed systems for dataset collection have been or are being set up

- First machine learning model types for the Platform Screen Doors and Process Monitoring 
are trained and validated



Highlights and demonstration (2)
ECOMAI | Technical Achievements

- Control Patterns for AI-enhanced Motor Control were defined

 Describe where in the loop deep learning models such as neural networks (NN) can be 
applied to replace/enhance classical control blocks



SCCH/SPX

 ECOMAI Development Kit

 High Level: Archimate (currently only for Application Components, UML::Actors 
must be transformed to Archimate::Business Actors)

 BPMN describing the high level process

 VVML describing the Input/Output parameters in Conext to the domain model

 UML describing the classes













Alb

 Requirements (as SysML Requirements)

 Identification of Use Cases

 Usage of IoT-PML

 Identification of Scope of ECOMAI











Example of REQs traceability

Source

Target

Appends input object to buffer object.

Booting of system (drivers, memory, etc…) shall be handled.

Buffer Update

Comm lines shall be set for reading from Modbus

Comm lines shall be set for reading from Serial port

Communication setup shall be done.

Data check

Data missing/validity check shall be done.

Data synchronization

Device startup initializations shall be done.

Gets raw data into a new input object

Getting input data from comm ports

It shall assert red alert if data is invalid.

Network comm shall be set for writing to target on PSD Monitoring and Data Storage ( PC)

Synchronization of data from DCU and MCU shall be done.
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Interface implementation



Q & A
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