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ECOMAI [ Ecological Motor Control and Predictive
Maintenance with Al]

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 CO? emissions'.

To address these issues, the ECOMAI project is developing technologies that enhance
electric motor drive systems with an embedded Al system running on a specialised
Al 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%".

Cars are aprime use case, butthere are many others,
such as the industrial sector. In the US, 70% of the
total industrial electricity demand is generated by
electric motors? and many of these are induction
motors. Worldwide, 80 % of the total AC motors are
induction motors® 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 Al systems provide
an ideal solution for optimising motor control
and enabling predictive maintenance (avoiding
faults before they occur). Al-based solutions are
so effective because they are inherently built on
learning to facilitate the best possible response.
However, there are few dedicated Al chips for motor
control applications available, and none make full
use of the possibilities Al offers.

Al-enhancement provides cost-effective,
flexible solutions

To fill this gap, ECOMAI aims to enhance motor
drive systems with an embedded Al 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 Al functions will
be directly integrated in the motor control system
using the specialised low-power Al hardware
platform. This platform will provide both cost-
efficient Al 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 Al compiler for the specialised
hardware platform along with a full system modelling
and simulationenvironment. This willmake ECOMAI’s
technologies easily accessible, particularly for SMEs
looking to apply them in specialist areas.

Other specific innovations will include:

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

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

—— Atest 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 Al to
deliver better control performance.

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

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

Condition monitoring and predictive
maintenance:

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

—— An ultrasonic traducer, using Al 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 Al, Alapplications,
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
Al enhancements at the drive control
level, ECOMAI offers excellent business
opportunities. Moreover, by creating
a solution based on a specialised
Al hardware platform, the project is
following the wider move away from GPU
Al chips to dedicated ASICs. It is likewise
aligned with the shift to edge computing
— the market for Al accelerators on the
edge / customer premises is predicted to
exceed the market for accelerators in the
cloud by a factor of 3.5 in 2025,

Overall, the market for Al chips, motor
control chips and motor systemsin 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 2030° 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%¢. 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.

Inshort, ECOMAI offers a basis for Europe
to establish aleading role in Al-enhanced
electrical motor drive technology — from
hardware to applications - through
solutions that support the green and
digital transitions.
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EURIPIDES? and PENTA are two EUREKA Clusters.

PENTA purpose is to catalyse research, development and innovation in
areas of micro and nanoelectronics enabled systems and applications.

EURIPIDES? promotes the generation of innovative, industry-driven, pre-
competitive R&D projects in the area of Smart Electronic Systems.
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