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Major Scientific Achievements

Advanced Power Systems Monitoring

Prof. Paolone has developed new algorithms and devices for the estimation of the so-called synchrophasors. Prof. Paolone
developed the first phasor measurement unit (PMU) for Active Distribution Networks. The innovation came from
algorithms that, for the first time, were able to perform measurements of synchrophasors with parts-per-millions accuracy
levels irrespective of the signal dynamics and distortion. These devices opened a new way to operate clectrical distribution
networks by integrating monitoring, protection and control functionalities, which is an essential step for the massive
deployment of distributed renewable energy sources.

It is worth mentioning the endeavour of Prof. Paclone to bridge the gap between scientific research and practical
applications. Indeed, he played an active role in international organizations like CIGRE. Within this international
framework, he actively participated to the development of Technical Guide of the Cigre WG C4.34 Application of Phasor
Measnremsent Unils for monitoring power system. Prof. Paolone’s algorithms were licensed to industrial partners that develop state-
of-the-art power systemns automation processes.

Planning, State Estimation and Control Processes in Active Power Distribution Systems

On the subject of state estimation of active distribution grids, Prof. Paolone has been the first in proposing real-time PMU-
based state estimation processes for active distribution networks. He recently discussed the performances of clusters of
known estimation processes (i.c., weighted least square and discrete Kalman filters) to the specific case of synchrophasor-
based real-time state estimation of active distribution grids.

Concerning the topic of real-time control of active distribution networks, he has recently proposed a framework called
COMMELC — Composable method for real-time control of active distribution networks with explicit power setpoints. It targets to control an
electrical grid in real time, even if the grid has very little inertia, as is typical when there is a large amount of distributed
generation. It solves the problems of quality of service and energy balance without major investment. The framework
provides a kind of Power Grid Operating System that allows device controllers for intelligent buildings, e-car charging systems,
etc. to be easily connected and provide real time support to the grid. The peculiarity of this framework is that it allows to
directly control the targeted grid by defining explicit and real-time setpoints for active/reactive power
absorptions/injections obtained by solving an optimization problem. The framework is capable to solve this challenging
problem by introducing a common abstract model and a dedicated aggregation process protocol. In particular, energy
resources advertise their state to a grid agent, using a device independent description. A grid agent controls its resource
using a single algorithm, common to all grid agents. The goal of this control framework is to maintain the system in safe
state of operation while trying to satisfy the resources” willingness to produce/absorb power. A formal aggregation method
is also proposed in a way such that subsystems can be aggregated into virtual devices that hide their internal complexity. It
has been formally shown that the proposed method can easily cope with systems of any size or complexity. This control
framework has been the first proposed to treat the problem of real-time control of power grids (i.c., with refresh rates of
hundreds of ms) using explicit control setpoints obtained from the solution of an optimisation problem.

With respect to the subject of planning and control processes in active power distribution systems, Prof. Paolone has recently
contributed with developments related to the use of the so-called Optimal Power Flow problem (OPF) applied to radial
power grids. The proposed formulation, based on the method of multipliers, as well as on a primal decomposition of the
OPF problem, has been used to solve a wide area of problems related to planning (e.g., optimal planning of distributed
energy storage systems) and operation (e.g., voltage control and line congestion management) of active power distribution
systems.

Advanced Signal Processing for Fault-Location Procedures in Active Distribution Networks

Another fundamental contribution of Prof. Paolone concerns the topic of advanced signal processing for fault-location procedures
in active disiribution networks. He contributed to the development of new approaches for the emergency operation of electrical
networks after faults. The innovation is based on the determination of the time-invariant characteristics of post-fault signals.
Prof. Paclone proposes fault-location procedures based on the analysis of the electromagnetic transients originated by the
fault and associated with the traveling waves triggered by the fault itself. The developed procedures make use of the
continuons wavele! analysis. Prof. Paolone was the first to propose the definition of a general class of mother wavelets by using the
fault transient signal itself, thus generalizing the process of the wavelet analysis and avoiding its performance-dependency
on standard mother wavelets. In a more recent work, he was the first to introduce the idea of time reversal in fault-location. The
resulting algorithms have been implemented into a new class of smart relays integrating protection and fault-location
functionalities.

Lightning interaction and protection of power systems

With reference to the topic of /Aghtuing interaction and protection of power systems with particular reference to distribution
networks, Prof. Paolone has developed advanced models for the numerical calculation of overhead lines and buried cables
response against external high-pulse electromagnetic fields. The models and computational tools developed by Prof.
Paolone make it possible to analyse the response of topologically-complex power distribution systems to LEMP (lightning
electromagnetic pulses), taking into account the presence of protection devices (i.e., grounded conductors/shielding wires



and surge protective devices). Within this context, Prof. Paolone conducted, with the University of Florida, an important
experimental campaign in years 2002 and 2003 carried out at the International Center on Lightning Research Tests
(ICLRT), Camp Blanding, Florida. During this campaign, he obtained unique experimental data on voltages and currents
induced on full-scale overhead and buried transmission lines, induced by nearby artificially-initiated lightning,

Prof. Paolone has also proposed a new and efficient numerical integration scheme of the so-called Agrawal et al. coupling
model, which can handle efficiently both frequency dependencies of line parameters (ground and wires impedances) and
nonlinear phenomena (corona). The numerical tool he has developed is now integrated into the well-known
ElectroMagnetic Transient Program (EMTP-RV) and allows the modelling of the response of any topologically-complex
electrical distribution power systems to lightning.

It is worth mentioning the endeavour of Prof. Paclone to bridge the gap between scientific research and practical
applications. Indeed, he played an active role in international organizations like IEEE, CIGRE and CIRED. Within this
international framework, he actively participated to the development of several Standards and Guides, which are now widely
used and highly appreciated by the engineering community. In particular, he was actively involved in the elaboration of the
2004 and 2010 editions of the 1EEE Std 1410 IEEE Guide for Improving the Lightning Performance of Electric Power Quverbead
Distiibution Lines in which the models he developed were included as reference for the computation lightning performance
of distribution lines. He has also played a key role within the Lightning Subcommittee of the IEEE EMC TC5.



Research Output of Prof. Mario Paolone, PhD (last 5 years)
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An Augmented Lagrangian-based OPF Algorithm, Distributable via Primal Decomposition”, Electric Power
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