Use Compressed Sensing to Detect Fault
in Distance Relay

oWl d &by 40 Uad aaldd (gl 5 00 ybd (g y8 s 3 oolictuw!

7. /F Rp Rp2

o\ 4




IET Generation, Transmission & Distribution lH Journals
T

he Institution of

Research Article Engineering and Technology

ISSN 1751-8687

Detection of power swing and prevention of  rcceves on 231 maren 2020

Revised 4th July 2020

mal-operation of distance relay using Accepted o 24ih August 2020
compressed sensing theory dor 10 10401014 020,040

Behrooz Taheri’, Mostafa Sedighizadeh? **

TFaculty of Electrical, Biomedical, and Mechatronics Engineering, Qazvin Branch, Islamic Azad University, Qazvin, Iran
2Faculty of Electrical Engineering, Shahid Beheshti University, Evin, Tehran, Iran

=1 E-mail: m_sedighi@sbu.ac.ir

Abstract: Power system protection has become an essential challenge with the development of the power system. This study
presents a new method in detecting a power swing based on compressed sensing. The proposed method is tested on the IEEE
39-bus network using MATLAB and DIgSILENT software. The simulation results show that the presented method is able to
detect and differentiate between different types of power system conditions: stable, unstable, and multi-mode power swings. In
addition, this method has a high speed in detecting the simultaneous fault with the power swing phenomenon. Moreover, the
proposed method is capable of operating correctly despite noise signal in the system. This study has proven that the suggested
method outperforms most of the existing methods as shown in the comparison section.
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Fig. 1 Sampling model
(a) Traditional sampling model, (h) Compressed sensing-based sampling model
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Fig. 2 Signal compression model




2.2 Signal compression

Compressed sensing works with non-adaptive random
measurements. The model of compressed sensing can be described

by (1) [37]:
y =¢¢x (1)

where x € R” or x € C” is an input signal with length n, ¢ € R™*"
or ¢ € C"*" indicates a random measurement matrix with size of
mxnand y € R” or y € C” refers to a measurement vector with
length m. The input signal and random measurement matrix are
multiplied to compress. The number of measured data is much
lesser than the input length, i.e. m << n [41, 42]. Fig. 2 shows the
signal compression model.

According to Fig. 2, a random matrix ¢¢ must be obtained to
signal compression. This matrix can be calculated with (2) [43, 44]

¢ =HP 2)

where P is an nXxXn diagonal matrix that has P,e +/—1
elements, and H is an m X n matrix. The number of samples
existing in each row of H determines the number of samples
required for measurement with the ratio of R = [n/m]. The
matrices P and H are shown in (3) and (4) [37]:

Py
P= 3)
pll
111...
H = 111... 4)
111...
X can be calculated by (5)
x=.Px (5)

Accordingly, (1) can be rewritten as (6)

y=Hx (6)

Compressed sensing

29 295 3 3.05 3.1

Fig. 3 Compressed signal of the power system during PS and fault
occurrence

200
- Max
— — — Threshold1 m
0% Threshold2
200 | J
1
-400
-600
o 0s 1 1.5 2 5 3 4

-516.2

-516.25

-516.3

3.005 3.01 3.015 3.02

Fig. 4 Obrained maximum values during PS and fault



(00 00 9 0

0 8 00 0 O

4 0 0 2 0 0

0 0 00 0 5

\0 0 2 0 0 0

A:

[
=
—
—
o
U

()]
Z
| —
=
o
o




Max Point Calculation

Is the Condition of
A Power Swing Fulfilled?

No
Fault Detection

Power Swing Detection

Current signal sampling.

Signal compression.

Obtaining the maximum value of the compressed signal.
Checking the PS condition, if meets, PS 1s detected and the

relay is blocked. Else, the fault 1s detected and a cut-off
command 1 issued.

W o

Fig. 5 proposed algorithm



Table 1 Simulated items to obtain the threshold value

Case PS Fault Distance fault, %
study Stable Unstable  Multi-mode Single-phase Three-phase High impedance 5 70 90
1 * — — — — * * *
2 * — — * — * * *
3 * — — —_ * * * *
4 — * — - - * * *
5 — * -_— * - * * *
6 — * — —_ * * * *
) — —_ * — — * * *
8 — - * * — * * *
9 — — * - * * * *
Table 2 Peak values of the maximum point obtained from the compressed signal
Row Event type Peak values of the maximum points
Phase a Phase b Phase ¢

1 stable PS -139.9 42,11 116.2
2 unstable PS 189.2 -180.8 189.6
3 multi-mode PS 113.9 -136.8 148.2
4 single-phase fault —467.6 -123.7 -134.1
5 three-phase fault 376.8 -516.3 229.7

0Q 50 Q 100 Q
6 high-impedance fault -450.3 -240.6 -230.8
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(a) Current signal seen by the relay, () Compressed signal, (¢) Maximum points of the
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Fig. 8 I/mpedance variations monitored lines 26-29 distance relay due to
the occurrence of stable PS
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Fig. 10 Angle variations of the G9 generator rotor during an unstable PS
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Fig. 11 Impedance variations observed by lines 26-29 distance relay
during unstable PS
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Fig. 15 Operation of the proposed method during the multi-mode PS
(a) Current signal seen by the relay, (b) Compressed signal, (¢) Maximum points of the
compressed signal
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Table 6 Comparison between the proposed method and Table 4 Effect of the proposed algorithm during different

other methods in terms of fault detection time faultinception angles
Melriod Minimum - Operation  Operation Faulttyoe  Faultangles  Algorithm response
fault  during signal - during multi- 0 0 T
detection  noisiness  mode PS |
time, ms A-G 30 fault detection
RMS 100 false false AG %0 TN ceoton
energy 10 frue false AB 0 fault detection
MWA 15 false false A-B 30 fault detection
instantaneous 30 false false AB %0 fault detection
frequency AB-C 0 fault detection
the proposed 3 frue true A-B-C 30 fault detection

method A-B-C 90 fault detection




Table 5 Comparison between the proposed method and other methods in terms of fault detection time

Reference Method Year Synchronous fault detection time, ms ~ Asynchronous fault detection time, ms
] RMS 2018 100 100
20] energy 2019 11 10
30] MWA 2014 17 15
[34] instantaneous frequency 2019 31 30

proposed method  compressed sensing  —

3 3







