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Electric motors are everywhere from laptop fans and dishwashers to industrial 
machinery, robots, public transport and more. A modern car can alone contain about 
40 motors for various functions. But these valuable uses come at a cost. It has been 
calculated that electric motors account for 40% of worldwide power consumption and 
20% of CO2 emissions1. 

To address these issues, the ECOMAI project is developing technologies that enhance 
electric motor drive systems with an embedded AI system running on a specialised 
AI hardware platform. These technologies will optimise the efficiency and lifetime of 
electric motors, thereby reducing energy consumption and enabling development of 
more ‘ecological’ systems. They will also lead to market opportunities for applications 
in numerous sectors including automotive, medical and transportation.  

A vital need 
Given that electric motors are so ubiquitous, the 
potential for longer lifetimes and increased energy 
efficiency is significant. Some studies suggest 
energy efficiency gains could be as high as 30%1. 

Cars are a prime use case, but there are many others, 
such as the industrial sector. In the US, 70% of the 
total industrial electricity demand is generated by 
electric motors2 and many of these are induction 
motors. Worldwide, 80 % of the total AC motors are 
induction motors3 and a large proportion operate in 
harsh conditions that lead to numerous faults and 
downtime – in turn leading to economic costs and 
loss of effectiveness. Proper maintenance along with 
continuous monitoring, detection, and diagnosis of 
faults could limit these negative impacts. However, 
condition monitoring of electrical machines, drives 
and applications is rare. About 99.99% of all motors 
do not use a monitoring solution.

In industrial settings, and many other applications, 
electric motors with embedded AI systems provide 
an ideal solution for optimising motor control 
and enabling predictive maintenance (avoiding 
faults before they occur). AI-based solutions are 
so effective because they are inherently built on 
learning to facilitate the best possible response. 
However, there are few dedicated AI chips for motor 
control applications available, and none make full 
use of the possibilities AI offers. 

AI-enhancement provides cost-effective, 
flexible solutions
To fill this gap, ECOMAI aims to enhance motor 
drive systems with an embedded AI system that can 
support fine-grain evaluation of the motor and drive 
state through smart sensing, data interpretation 
and short-time machine learning (ML), and condition 

monitoring. This will allow for more fine-tuned motor 
control and predictive maintenance, and so lower 
energy demand, reduce downtime and increase 
electrical drive lifetimes.

Moreover, ECOMAI will focus on developing an ‘edge’ 
solution. This will not only allow for operation when 
there is no connectivity for cloud-based solutions, 
but it will also keep costs competitive, reduce 
latency and increase security. The AI functions will 
be directly integrated in the motor control system 
using the specialised low-power AI hardware 
platform. This platform will provide both cost-
efficient AI functionality and explore advanced 
accelerator and approximate computing principles.

Furthermore, ECOMAI will deliver an innovative 
Model-based Design and Automation Framework: 
a full development toolkit that combines model-
based design and an AI compiler for the specialised 
hardware platform along with a full system modelling 
and simulation environment. This will make ECOMAI’s 
technologies easily accessible, particularly for SMEs 
looking to apply them in specialist areas. 

Other specific innovations will include:

 — Specialised motor control AI hardware, 
including an AI compiler and TinyML methods 
for evaluating the performance of the ECOMAI 
AI hardware chip prototype.

 — Demonstrations of the ECOMAI Model Based 
Framework implementing certain use cases 
and new modelling techniques.

 — A test environment for dynamic load change 
motor control applications. 

The ECOMAI technologies will also be tested 
in a range of use cases in applications in the 
transportation, power supply, medical and 
automotive domains.
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‘Ecological’ use cases: 

 — An automotive compressor system 
demonstrating the potential of AI to 
deliver better control performance.

 — An electrical bike testbench for 
intelligent sensorless electric bike 
traction applications, incorporating 
an AI-based torque control 
algorithm.

 — A test environment for a robotic 
rehabilitation system for mobility 
impaired people, exploring, 
amongst other functionality, 
capabilities for neuro-feedback.

Condition monitoring and predictive 
maintenance: 

 — A railway Platform Screen Door 
(PSD) system, including AI-
enhanced PdM algorithms and  
the TinyML edge device developed 
by ECOMAI to prolong operational 
availability.

 — An ultrasonic traducer, using AI to 
understand which changes of the 
driving signal will be the result of 
certain alterations in a structure 
or volume when excited by the 
ultrasound: a motor, a battery 
or another complex medium 
for ultrasonic-based condition 
monitoring.

Collaboration from research to 
end-products
To meet its ambitious goals, ECOMAI 
brings together expertise spanning 
hardware design, edge AI, AI applications, 
electrical motor drive system design 
and predictive maintenance. Moreover, 
with partners ranging from research 
institutions to suppliers of end-
products, the project’s innovations 
will have potential to move quickly into 
commercial applications.

Growing markets and greener 
drive systems
Indeed, as there are currently very few 
motor and drive systems that provide 
AI enhancements at the drive control 
level, ECOMAI offers excellent business 
opportunities. Moreover, by creating 
a solution based on a specialised 
AI hardware platform, the project is 
following the wider move away from GPU 
AI chips to dedicated ASICs. It is likewise 
aligned with the shift to edge computing 
– the market for AI accelerators on the 
edge / customer premises is predicted to 
exceed the market for accelerators in the 
cloud by a factor of 3.5 in 20254. 

Overall, the market for AI chips, motor 
control chips and motor systems in general 
is expected to grow rapidly as electric 
motor and drive systems are fundamental 
to all modern systems that involve 
movement. For instance, the number of 
electronically controlled electric motors 
in passenger cars is expected to grow 
from 2.53 billion motors per year in 2021 
(approximately 30 motors per car) to 3.74 
billion per year in 20305. More widely, 
recent studies indicate that the global 
electric motor sales market will reach 155 
billion Euro in 2025, which represents an 
annual growth rate of almost 8%6. All this 
suggests strong market demand for the 
technologies delivered by ECOMAI and the 
products it enables.

Importantly, the ECOMAI project will also 
contribute to the objectives of the European 
Green Deal by enabling more ‘ecological’ 
solutions now and paving the way to further 
energy saving options in the future. 

In short, ECOMAI offers a basis for Europe 
to establish a leading role in AI-enhanced 
electrical motor drive technology – from 
hardware to applications – through 
solutions that support the green and 
digital transitions.
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Using AI-based algorithms, targeted 
working hypotheses can be derived more 
quickly and confirmed with only a few 
analysis steps. New approaches in the 
fields of automated and self-learning 
image processing, measurement systems 
and failure analysis methods could also be 
utilized for defect control. Linking smart 
and more automated failure diagnostic 
tools along the process chain (in line 
with concepts derived from Industry 4.0) 
and correlating these with degradation 
mechanisms and failure catalogs 
offers great potential for improving the 
efficiency and quality of production and 
reducing manufacturing costs.

Furthermore, these fast and powerful 
tools for failure recognition and 
interpretation, as well as for correlation 
to available metrology and electrical 
testing data along the manufacturing 
process chain, will be key for further 
technological developments. 

Expertise across the entire value 
chain

FA 4.0 is able to take its holistic 
approach by bringing together research 
institutes and companies from across 
the entire value chain, including leading 
semiconductor and electronic system 
suppliers and medium and small 
businesses (SMEs). The project will 
strengthen the strategic alliance of 
European semiconductor manufacturers, 
FA tool providers and research institutes, 
and leverage their combined expertise in 
failure analysis, methodologies and tool 
supply to develop these new solutions for 
smart failure analysis.

Strategic market access and 
new opportunities 

The market importance of FA 4.0 is huge. 
As demand for high-tech products for 
applications like autonomous driving, 
electric vehicles, smart industry, energy 
efficiency, 5G telecommunications and 
Internet of Things (IoT),  and medical 
applications grows, reliability and quality 
are no longer an ‘add-on’ to technological 
innovation but an essential requirement 
for market access. Experts in the field 
have stated that “Reliability is emerging 
as the top priority across the hottest 
growth markets for semiconductors, 
including automotive, industrial and 
cloud-based computing…” . Moreover, AI 
is seen as having a key role in enabling this 
reliability. Thus, the outcomes of FA 4.0 
will be of crucial importance to ensuring 
the European electronics industry has 
access to the strategic markets of the 
future. In addition, the project will open 
up opportunities for European failure 
analysis equipment manufacturers. 

In effect, the collaboration in FA 4.0 
between semiconductor and system 
suppliers, diagnostic tool manufacturers 
and leading research institutes will 
strengthen the European ECS industry’s 
global competitiveness to design and 
manufacture reliable, high quality and 
cost-effective products. The close 
cooperation between the partners in 
the consortium will allow European 
companies to deliver both innovative 
electronic products and the required 
failure analysis tools that increase 
reliability and quality and shorten product 
development cycle times.
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