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e Quantum Sensors (QS) have applications in many fields including positioning
systems, communication technology, electric and magnetic field sensors.

e Entanglementin QS can help to create more sensitive magnetometers, able
to detect irregularities (defects) in materials.

 Able to model complex systems by positioning photons at specific places.
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Quantum advantages

e Quantum communication devices, enable quantum entanglement “when
two particles are inextricably linked together no matter their separation
from one another”. This was suggested to be faster than the speed of light,
although no changes in the status of particles are allowed.

e Quantum communication takes advantage of the laws of quantum physics
to protect data. These laws allow particles—typically photons of light for
transmitting data along optical cables—to take on a state of superposition,
then no observation can be possible without collapsing its status. It is

cybersecure by nature.
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Quantum computing

e The quantum computer: Information processing with quantum
computers relies on substantially different laws of physics
known as quantum theory: qubits.

e Different technologies are available to create qubits, such as
Optical qubits using light and working at environmental
temperatura or Superconducting qubits working close to 0 K
and microwave frequencies.

e Three big areas of development: Quantum Machine Learning
(QML), Quantum optimization (QO) and Quantum cryptography
(QC)
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Courtesy: DOI 10.1109/ACCESS.2020.2970105

Genetic Algorithm

Quantum System

e Using the unique characteristics of quantum computing, O —TI

intelligent optimization algorithms can be improved to
guantum intelligent optimization methods (QPSO, etc).

e Quantum annealing optimization was enabled by D-
wave and helps to solve TSP and other quadratic

optimization problems (QBO).

number of individual

The statistical system formed by
a number of quantum

The average population fitness

Energy

Competitiveness between selection

pressure and diversity of population

Competitiveness between energy

and entropy

Population convergence

Free energy reduces

Get solutions

Non-equilibrium state to

equilibrium state

High Energy ~ (a) (b) (d) w probabilistic qubit probability
- model amplitude
Superposition n 1 Highe_r_ ey
state o?TEQ:ZE'!EZte sampling clapse
D probabilistic
Applied || 7N solution set
Low Energy \f'} \,) \’ maéelztc N model
Courtesy: dwave.com evolutionary method evolutionary method
Project No.: 899208 (a) EDA (b) QEA
Dissemination and valorisation of RFCS-results in the field of “Advanced Automation and Control 7

14/07/2022

Solutions in Downstream Steel Processes” and development of a strategic vision for future research



ESTEP webinar: The future of control in the steel sector. m

European Commission

Quantum Computing in control applications for the steel sector CONTROL

NSTEEL
Quantum computing (ML)
e Using “similar” concepts as the CNN architecture 7 pooking Courtesy: pennyline.a
B L — “Lully cmected®
Tlej-‘ » _l F\— ‘ﬁ B
el Brfees” 3 2
uww)[wh'ow pooling fuujj conneeted .

 Aset of N qubits can encode information for 2N-1 different states (variables).
e Of course, there are limitations such as error propagation and lack of enhanced
algorithms over large sets of qubits. More development is needed.
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Conclusions

e Enormous opportunities for the industry & society are expected from the
Quantum technology (devices, ML, communications, etc.)

e Although QT is just at its early stage, it has proved to be useful and
competitive in comparison with existing solutions.

e (QC enables uncertainty from its design.

e More algorithms will be created, expanding the potential set of applications.

 |ntergation between Quantum devices and Quantum computing will be
disruptive in industrial applications.
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Thank you for attending this presentation

Merci d'avoir participé a cette présentation

Vielen Dank fur Ihre Teilnahme an dieser Prasentation
Gracias por asistir a esta presentacion

Grazie per aver partecipato a questa presentazione
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