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l. Introduction

Protection system

Bidirectional power
flows

Power distribution networks

Operation challenges
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Reliability, flexibility and
efficiency
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l. Introduction

How to protect an ADN/MG

Power distribution networks

considering All their operational Bidirectional power
condition? flows
Development of adaptive :
protection strategies Operation challenges

'

It requires exhaustive simulations in the
MG of faults and normal operation
conditions, that include topological

changes, load variation, DER

Control functionalities

Active Distribution Networks

Reliability, flexibility and

connection/disconnection, among others. efficiency
Events automatic simulation in microgrids for the
training and validation of protection devices
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Il. Events automatic system
structure in microgrids

Step 0: Initial settings

« Simulation time (t;)

« Sampling frequency (f,)

« EMT simulation file of the ADN under study

- Equipment to connect / disconnect

(lines for reconfigurations, intermittence of DER)

* Short-circuit conditions

(fault types, fault location, fault resistances)

8

~ X SICEL 2021 - Virtual edition - October 13-15, 2021

A
%vents to simulate, IEDs location

dd ADN configuration, define atabase of real faults
or synthetic

Step I: Simulated events database o

$ - V and 1 signal database

Step I1: Events classification
y - Vand [ database and labeled

Step I1L: Input data adjustment

l - Features database

Step IV: Parametrization and training of
ML techniques

performance index

Step V: Information J
Deployment

l - ML models and
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Il. Events automatic system
St ru Ct u re i n m ic rog r i d s /Add ADN configuration, deﬁne//batabase of real faults/

events to simulate, IEDs location or synthetic

v
_ Step I: Simulated events database *
l - V and | signal database

rom step 1, ADN simulation file, events matrix to
simulate, IEDs location.
|

Step I1: Events classification

v l + -V and I database and labeled
Run the EMT simulation of Extracting of ADN Step 111: Input data adjustment
ADN studied in j-th scenario. - configuration, j=0

l - Features database

Run an optimal power flow and
the EMT simulation of ADN
studied for j-th scenario

Step IV: Parametrization and training of
< ML techniques

- ML models and
performance index

Extracting V and | signals in all | Save the signals for each
IEDs for j-th scenario. " 1ED in individual files.

Step V: Information
Deployment

Database with V and LH» <
signal in eaclll_lgg

o
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Il. Events automatic system
St ru Ct u re i n m ic rog r i d s /Add ADN configuration, deﬁne//batabase of real faults/

events to simulate, IEDs location or synthetic

v
_ Step I: Simulated events database

$ - V and 1 signal database

Step I1: Events classification
w - Vand [ database and labeled
Step LLL: Input data adjustment

|®—HZD—ID\

~ IED1

l - Features database

Step IV: Parametrization and training of
ML techniques

- ML models and
performance index

Event Operation condition IED State
IED 1 Faulted l

Fault in the middle of the line and

! DG connected IED 2 Faulted !
Fault in the middle of the lineand  /ED1  Faulted Step V: Information
. Deployment
DG disconnected IED 2 No faulted
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Il. Events automatic system
St ru Ct u re i n m ic rog r i d s /Add ADN configuration, deﬁne//batabase of real faults/

events to simulate, IEDs location

v
_ Step I: Simulated events database

Reference $ - V and 1 signal database

or synthetic

Step I1: Events classification

w - Vand [ database and labeled
Step L1L: Input data adjustment

N

Current {p.u)

| . Features database

Base operation

Step IV: Parametrization and training of

0.05 0.06 0.07 0.08 0.09 ojt 0.11 0.12 0.13 0.14 0.15

Tink (5) ML techniques
My - ML models and
performance index
Item Features Description Step V: Information
1-3 Magnitude of voltage in each phase IV % Deployment
4-6 Angle of voltage in each phase ev,
7-9 Magnitude of current in each phase (P4
10-12 Angles of current in each phase (7]

11 Xf;' f;E Lg
X SICEL 2021 - Virtual edition - October 13-15, 2021 e | S e A O



Il. Events automatic system
St r u Ct u re i n m ic rog r i d s /Add ADN configuration, deﬁne//batabase of real faults/

events to simulate, IEDs location or synthetic

Step I: Simulated events database

$ - V and I signal database

l l Step I1: Events classification

. y - Vand I database and labeled
Support Vector Decision Tree (DT) Step I1L: Input data adjustment

Machines (SVM)

| - Features database

Splting . Step IV: Parametrization and training of
i ML techniques

- ML models and
v performance index

Step V: Information
Deployment

PIFEE
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Il. Events automatic system
structure in microgrids 0 st et | e i

events to simulate, IEDs locationf

or synthetic

Step V: Information Deployment v J

Step I: Simulated events database

$ - V and 1 signal database

. - Step I1: Events classification
m———_— y - Vand I database and labeled
Step I1L: Input data adjustment

[ Fault operating conditions

No Fault

l - Features database
Fault

No Fault Fault Step 1V: Parametrization and training of
Predicted Label ML techniques

|V |4 Range 1 |V |4 Range 2 |V]4 Range n l - ML ITIOdCI 5 and

performance index

True Label

Number of aperating conditions

Scenarios well classified
cc

* 100%

Step V: Information
Deployment

# total Scenarios

Fault Scenarios well classified
D, = - *100%
# Total Fault Scenarios
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Ill. Application of system for development

of protection strategies =

scenarios Factors Levels
N _ ra 0-20Qand400
Step 0: Initial settings Faulttype  A-g, AB and ABC
Load [40-55] [85-100] [100-120]
variation %
....................................... , Faut (P00 Scenario 1106
t —O 1 S i Gen2 : scenarios All th ki
7—V. : ” Merogid ‘ " e?enerators are working
: : Generation DG ou
fm=7680 Hz cut-off DG, out
DG; out
Fault 25 three-phase distribution
= location line
R G Load [40-55] [56-70] [71-85] [85—
variation 100] [100-120] %
: All the generators are working
s : No-fault Generation  DG; out
: : scenarios  cut-off DG; out
DG out
E Topology -
changes Scenario 1 to 6
___________ N O Distbution e - . ADN: IED-1, IED-13, IED-21
s B e J Location  \g: 1ED-31, IED-45
....................... f . ML
o—o—o IEDs techniques SVM, DT
oW oW Number of 4
windows
15 No-Fault 28320
Fault 72576
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lll. Adaptive coordination algorithm

B. Step I, Il and lll: Events simulation, classification and data adjustment

IED-LEARNING

Seiect Reiay Select Parameter

Relays with database

Estimated features for
processed database.

line section where the

relay is located.
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Visual Distribution of Parameters

Vaoliage Magnitude Ph. A
36970.0

27727.5

int-2

B No-Fault

Information Sumarry

Mean no fault = 19636.33 int-1 = [5932.03 — 9615.73]
Std no fault = 409.46 int-2 = [9615.78 — 13299.52]
Mean fault = 17323.91 int-3 = [13299.52 — 16983.27]
Std fault = 2345.2 int-4 = [16983.27 — 20667.01]

Visualization of
data distribution by
feature.

Intervals for
distribution of data
by feature.
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lll. Adaptive coordination algorithm

B. Step I, Il and llI: Events simulation, classification and data adjustment

IED-LEARNING

Select Machine Learning Technique Select Relay Visual Distribution of Parameters

ML techniques
integrated.

Trained and
validated relays.

Results
visualization:
confusion matrix.
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Define Hyperparameters

Kernel poly
! 1.0
Predicted label
Hyperparameter Penalty

Settings Training information Results

Max. Iter. =] . . .
: Accuracy = 99.22002767643728% visualization:
Reliability = 97.08102667337695% accuracy and
dependability
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lll. Adaptive coordination algorithm

B. Step I, Il and llI: Events simulation, classification and data adjustment

Visual Distribution of Parameters Visual Distribution of Parameters

Micro-grid

True label
True label

802 806 808 Bl2 8
15 | 15

[ I 10

Predicted label predicted label

Training Information Training Information

Accuracy = 97.10648148148148% ‘—.—.

Accuracy = 99.22002767643728%

Reliability = 97.08102667337695% BellabiiVASHEEZEL 2SS IS BEG

a) b)
Fig. 14. ML Techniques Window — a) SVM — Relay 13, b) SVM — Relay 45
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IV. Conclusions ==

! - - . - M - -
JAdd ADN conliguration, define [ Database ol real lau]lsl-'I
;"cvcms to simulate, 1EDs location/ | or synthetic

v
| Step T: Simulated cvents database

This work presented an EAS for ADN and micro-grids, which was gVl dse
designed to automate the entire process that involves the generation, b
training and validation of the IEDs present in an active distribution | ML'"m"fafn.Ef.:::;;m|
network or a MG. , T

/ - M1, models and

& performance index

the EAS allows training the IEDS for different
machine learning techniques with the main idea
to find the best model that guarantee an
outstating detection of faults.

Step ¥: Informarion
Deplovment

The results obtained with a SVM model
presents an accuracy above of 90%.
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