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Impact of line length, EV and PV on LV Grid topology
identification based on voltage correlation

Victor Bossard!, Lena Joyeux', Sylvain Marié!, Thi Thu Ha Pham?,
Regis Vautrin?, Carl Mugnier!, Theo Lagarde’, Vanya Ignatova’
1 Artificial Intelligence Hub, 2 Power System & Services — Schneider Electric, France

ABSTRACT 2. METHODS

Grid operations and planning
requires proper knowledge of the
network topology, often lacking:

e Calculate the correlation
between each pair of "
voltage time series. Several Feeder-
configurations of sampling, phase
normalization and
correlation metrics are used.

¢ meter to distribution transformer

* meter to feeder / phase within a

transformer.
* A clustering algorithm is

then applied to partition
meters into the k most intra-
correlated and least inter-
correlated groups of time
series.

The paper presents a deep dive on a
topology identification algorithm
based on smart meters voltage data
correlation only, avoiding the
installation of additional sensors.

Performance is evaluated on
several simulated network
configurations with realistic grid
models. Sensitivity to three major
factors — line length, Electrical
Vehicles and Photovoltaic systems
— 1s analyzed in the perspective of
real-world deployment.

1. INTRODUCTION

This paper uses a method based on
classic voltage correlation methods
to identify LV Grid topology :

- Meter to feeder (b)

(1+pB) xh xc
V-measure score V=
B Xh+c

» Test topologies generated by
configurable model of LV
network: cable’s length,
type of consumers, EV &
PV penetration.

e Urban and a rural MV/LV
distribution networks.

3. RESULTS

Figure below shows V-measure for meter to feeder-phase (Top) and phase
(Bottom) for the rural, 75 meters, transformer. Results are shown by cable
lengths, and insertion of EV, PV in the topology. Boxplots and dots represent
distribution of score depending on parameters of the algorithm. Cross

Transtomer | validated best set of parameters is highlighted in red.
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Figure below represents V-measure in function of silhouette score for meter to
feeder-phase. For several configurations in colors, a diamond represent point
with highest silhouette score, and a star when the highest silhouette score

silhouette score
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4. CONCLUSIONS

Grid configurations impact more
meter-to-phase  than  meter-to-
feeder-phase. The phase signal is
gradually lost depending on the
following parameters :

* Increasing number of consumers
is challenging for identification
as V-measures for transformer
with 10 customers are close to
1.0 in all situations.

* Phase clustering is more sensitive
to cable length. The explanation
is that longer cables yield to
greater impedance that hinder
phase signals.

* EV and PV introduction impacts
greatly the phase clustering
performances as those charges
change the active-reactive power,
hence voltage, locally.

* Lower numerical precision
impacts algorithm performances.
However, best parameter set
leads to scores above 0.7 in the
extreme case of 1V precision.

* Maximizing the silhouette score
tends to maximize the V-
measure. Leading to a way to
predict the quality of the
clustering.

On all variations studied, only high
EV and PV penetration shows
intense performance drop that could
hinder the method scalability.

Future studies will focus on
assessing the performances on more
simulated topologies and real
measurements. Also, based on those
results, an algorithm for feeder
clustering is under development.
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