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The QUEEN Monitoring System

\Vi
PQ monitoring system of the Italian MV distribution grid implemented & managed by RSE
since 2006 (Funded by RdS and supported by ARERA):

Energetico

» 400 Measurement Units (MUs) in the HV/MV substations
connected to the MV busbars (~10% of the total number of busbars)

» MUs perform PQ measurements according to IEC 61000-4-30

—vi —v2 —

» Waveforms and RMS voltage sequences recorded during VDs

i
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Durata =180ms
Ures(s%) = 39%
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http://queen.rse-web.it/enqg/home.aspx
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: T
Why Power Quality Monitoring: RSE

» to provide a sound knowledge of MV networks performance in terms of PQ
parameters (CEl - EN 50160) and support Standardization/Regulation

voltage variations

rapid voltage variations
unbalances, flicker

voltage harmonics, THD

voltage dips
voltage swells
interruptions

> VDS Classified On the base Of duration and Avg. numberofﬂvdipsfarequivale?ltigg'i;;tﬁggmeasumwithintheselectedintewal
depth (or residual voltage) i o | S0t | 183 540
e e —— e
> gray cells: a zone of Non-immunity for the E o — = - s
equipment connected to the MV grid £ rids 0.2 0.0 0.0 00 00
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Inizio forma d'onda RMS32
Settasoglia iniziato 1310972018 12:55:18,53

Why worry about voltage dips in MV
networks?
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Forma d'Onda di Inizio Evento 31
Sottosoglia iniziato 13/09/2018 12:55:18,53
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Impact on equipment connected to the network s
RSE

»  Voltage dips or micro-interruptions:
momentary decrease or stop of the flow of energy to the equipment

Direct Effects: degradation of performance depending on

l the equipment

Indirect Effects: related to the criticality of the function
performed by the equipment in a process

Relays and IT process control Asynchronous
contactors equipment motors

Electronic D
Lighting
converters
Synchronous
motors

IT4PQ 2" Stakeholders Workshop ‘



>

Impact on complex continuous industrial processes

Type of customers participating in the initial QUEEN project (73)
PAPER INDUSTRY 24%

RSE

Sistema

PLASTIC PACKAGING INDUSTRY 12%

E S

T

S

v Ceramics and Bricks

v Food (mineral waters, dairy products, ..)

v Electrical, electronics (PCB, batteries, ...)
v Services

v Mechanics (die casting, molds)
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Research provided/provides additional
information on VDs

. Further VDs classifications, beyond the standard, are needed
B referring to their:

0 Validity
Q Origin
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Validity of events in monitoring systems RSE

» MUs are connected to the LV side of voltage transformers (VT)

Energetico

(primary windings connected between phase and ground. Line-to-line voltages monitored)

60

» A single line-to-ground fault may
cause VT saturation, during which,
a sinusoidal zero-sequence voltage
is generated in MV network * 1

involving ground 2 Zero'sequ?,_nce }
voltage in “isolated

Zero-sequence voltage
in “compensated” MV
u\/v vV network )

50 .

40

h | L ~ MV network
» After the fault is extinguished, ° \;
this component decays in a . Phése to ground fault
different way depending on the 1 extinction
neutral connection oo o2 o R
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Validity of events in momtorlng systems RSE

» In isolated neutral network saturation = .' | '_ g' VAL
effects can give origin, at the extinction of = (| |
the fault, to “false” events for the network,  * EEtE
only due to the measurement chain = |

(isolated neutral networks are still 25%)

-5 IR R EERE
PERARGaTRNE

» Their waveforms show some typical [z

deformations: Camel humps and |:= cameLHUMPS D?GEJSHAT
Doge’s hat it
\ ] A

> VDs statistics must be cleared of % °*

such events (False events e o E e B w w m m W
( ) UUUUUUUUUUUUW\!UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUL
2 °harmonic component detection in
measured line to line voltages £ — : S5 o a0 0 a0 so

ms

IT4PQ 2" Stakeholders Workshop q



Classification of VD in term of origins
_— . S
Voltage dips recorded at MV busbars in HV/MV Substation :&

Origin:

> Upstream/Downstream ? Ij
Wa'&'o'o'o’t't'o’o't’o'oWm'o’o'a'M"'&"’W‘Wo'o'a’.’."’;';’;’5’;&';%’},’{& ~ /

DSO L__-\I,SL__-I TSO \‘L
El?B @B ea VV V DSO

"
Position with respect to DSO or TSO responsibility né,'@'




The Global Method

Events of HV origin monitored by QUEEN primary substations

47
The percentage of voltage dips
of HV origin is evaluated as: 45
'%,'43 + CP_QuEEN
» N° of events monitored [ *309
)
contemporaneously at MV £41 311
level at nearby HV/MV B 312
) : > * 313
stations  underlying a 39 o
common HV grid A N * 315

w
~

> N° of events correlated to

signals coming from HV 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
line distance protections East Longitude (°)

AT: ~ 41% MT: ~59% *
* Averaﬁe value in the Eeriod 2016+2020 IT4PQ 2" Stakeholders Workshop d




From QUuEEN to MonNaLiSA
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N LGN

N DATI AGGREGATI

W, ESITO AGGREGAZIONI

«, AGGREGAZIONE BUCHI O
TENSIONE 200642008

N\ TABELLE 2006+2008

Monitoraggio della Qual lla Ten della Rete di in MT

QUEEN & il portale della Ricerca di Sistema che permette la consultazione del database di raccolta del
dati MT dal 2006 ad oggi.

11 Pubblico ha access al sito web per effettuare estrazioni delle grandezze richieste solo in termini di
‘aggregazioni (1 in base & criteri gruppi di

(ESITO

1 h )ai dagll Apparati di
“Tali dati sono resi punto di misura. In part
Visualizzabll p-o | singoll disturbl i ]

izzabill | parametri .
Sovratlevarion, Varlazioni Rapide) gl andamenti su base settimanale delle grandezze misurate
(Tensiane, Squillbrio, Flicker, THDV, Armoniche di tensione).

......

1 dati estratti dal database sono rappresentati In forma tabellare e grafica con i riferimenti temporall
relativ aifora solare.

R

G Dati | GestioneUtenti

QuEEN VD VALIDITY: L_ somtetes

http://queen.rse-web.it
2 nd harmonic criterion transferred to Sistema di Monitoraggio Nazionale a Livello di Stazioni AT/MT

MonNaliSac¢ il portale realizzato da RSE dedicato alla i i i buchi di tension istrati dal sistema di

. = i0 nazionale di tutte le cabine primarie dell di distribuzione, s N st vl e

M O n N a Ll S A Distributori a seguito della delibera ARG/elt 198/11 dell’Autorita per I'energia elettrica, il gas e il sistema idrico.
L'aggiornamento dei dati del sistema avviene con cadenza annuale.

Al portale hanno accesso (tramite login):

- FAutorita per 'energia elettrica, il gas e il sistema idrico, in qualita di Superutente;
= iDistributori, in qualita di Utenti;
= RSEinqualita di Amministratore.
V D O R I G I N . Il portale permette la consultazione delle tabelle di sintesi dei buchi di tensione secondo la norma CEI EN 50160

. elaborate separatamente per gli eventi con origine nelle reti AT, MT e per quelli complessivi, dando evidenza cromatica
delle zone di immunita ai buchi di tensione per le apparecchiature di classe 2 e classe 3 come definite dalle norme CEI EN
61000-4-11 e CEI EN 61000-4-34.

| Distributori hanno accesso ai dati di dettaglio e di sintesi degli eventi e ai dati di ica diloro
nelle loro reti).

QUEEN Global Method inspired the Monitoraggio Nazionale | e mmmmnm o
Local Method adopted in MonNaLiSA a Livello di Stazioni AT/MT| N\ =5

ino 54, 201
IVA e CF. 05058230961 -REA. di Milano n. 1793295 - Cap. Soc. € 1.100.000 i
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Open Issues
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2 °Harmonic Criterion
* significant effectiveness ( >80%) BUT
* does not give a Boolean response

(True/False)
« 12,6%* of Undefined Cases (it is not

__able to give answer)

/

Global and Local Criteria
* require extensive monitoring,

topological information from TSO
e Local Criterion effectiveness (~89%) \

—

N\
* Average value in the period 2010+2021 IT4PQ 2" Stakeholders Workshop d



How Deep Learning and Machine Learning can help
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Input: RMS Event Image Features Extraction: Covolution -Max polling Classification: Neural Nets - softmax

| TiF:TRUE + FALSE | TRUE+FALSE
Extinction of polyphase
grounded faults

DELFI - DEep Learning for False events Identification

Input: jpg images of RMS sequence

Model: 1 layer CNN network

Optimization: Bayesian

Classifier: SOFTMAX algorithm

Training: 80%10%10% training /development/test set
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How Deep Learning and Machine Learning can help

\V
FExWaveS Application

Features Extraction from Waveform Segmentation

Input: Voltage Dip Waveforms Features Extraction: Kalman Filter Segmetation Classification: Support Vector Machine

= Shape Factor o /
7 Ao HY
o. o *
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Conclusions RSE
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» The availability of data from a long-term monitoring is the prerequisite for any Power

Quality improvement strategy

» QUEEN has provided a wealth of data/experiences useful for the design of the

National Monitoring System

» VDs besides their duration and depth must be characterized by their “validity” (true
events, due to actual faults in the network, or false events, caused by VT saturation)

and “origin” (upstream or downstream from the point of measurement)
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» Proper procedures and algorithms have been implemented: 2° harmonic criterion

(Validity assessment) and “Global Method” (Origin assessment)

» These “current solutions” have reached good performances but there are still some

open issues that require an additional research effort

» DL and ML can help in this case: the DELFI classifier for false voltage dips identification

while, as regards their origin, the FExWaveS + SVM classifier

» The “new criteria” implementation in QUEEN web site, to test them on a larger

amount of data, will allow a constant comparison with the performance of the

“current” methods
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