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Low-Frequency Oscillation Mode Recognition and Suppression in Power Systems Based on Deep Learning
LI Qiyue
School of German Engineering, Chongqing College of Mobile Communication, Chongqing 401520, China

Abstract: Objective To address the limitations of traditional methods for low-frequency oscillation (LFO) identification in
power systems under nonlinear and complex operating conditions, a novel deep learning-based identification model is
proposed. Its aim is to achieve accurate identification and effective suppression of oscillation modes, thereby ensuring the
safe and stable operation of power systems. Methods An identification model integrating a deep belief network (DBN)
with a Softmax classifier was constructed. The DBN was employed to extract deep-level features from operational data
through layer-wise pre-training and overall fine-tuning, while the Softmax -classifier performed the final mode
classification. Subsequently, the Prony method was incorporated for modal parameter estimation. Building upon this, an
oscillation trend prediction model and a parameter adjustment mechanism for power system stabilizers (PSS) were
established, forming a complete closed-loop framework encompassing “ Identification-Estimation-Prediction-Control ”.
Results The proposed model demonstrated excellent adaptability under various complex operating conditions, achieving a
significant improvement in identification accuracy. This validated the effectiveness of combining deep learning with
traditional algorithms for tackling LFO problems. Additionally, quantitative results on identification precision and
suppression effectiveness were obtained. Conclusion In the context of diagnosing and controlling oscillation modes in
practical power systems, the method proposed in this study provides a novel and efficient solution. It holds significant
engineering application value for enhancing power system stability in the future.

Keywords: deep learning; power system; low-frequency oscillation identification; low-frequency oscillation suppression
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Fig. 1 Deep learning-based low-frequency oscillation mode

recognition model
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Fig.2 Framework of the low-frequency oscillation mode

recognition algorithm
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Fig.3 Schematic diagram of oscillation trend prediction
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Table 2 Effect of PSS control on parameters of oscillation modes
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PRI BEAR XS BN, 5300 H 66. 7% F T5% , 33X Fift 22 57
Bt PSS XA AR X ALAR AR (0. 5~0. 8 Hz) BLJE
FORCR & T AR AR B R R (1.2~ 1.5 Hz) T
0.5~0.8 Hz t5UFJE it 1 R GEARBUIR 15 ) 8 IX ], i
EIRAE PSS RS MEAE e R G fe IR G M 4, 78
P ARARR 373 5 T H A A iR 1) A X P A RO
4.4 HPr

AT IEA SO T 2 B AT R, 70 3 MMEAIR 2
BRI PEREFR G AR SR PR B A TS0 AN
4.4.1 PUNTEREVEAL

iR A VE R, AR AR bR F MR R R RS
R AEFF, 53 B VA 48 A5, K R SC DBN +
Softmax % 5 Prony + B {E 7 BP .CNN LSTM #5% # 1
TTXRT L, A SCIRERIAER 355 94. 5% , F, 5388 93. 5% , 3%
Prony+ B {HIEHETF 16. 2 4~ EH 4, % CNN LSTM A 7Y
3BT 4.9 Fl 4.4 ASF o BIE T DBN 7RG B
FROESR IS 2 A 2 m T T B e 3

E— D IH RS e R BT B2 BR DBN IS, MR %
K22 86. 7% , N ZRTTHRZY 7.8 4~ A 43 2. P )= RBM
(500-200) #EHH K 90.2%,4 J= RBM (1 000—500-200—
100) HEBIFA 91. 8% KT 4 J245H , UESZ 1 000-500~
200 7ERINGE S HE AL MBAT T A8 . 4% Softmax
i SVM J5 TR 3R 4 % 88. 5% , UEH Softmax 43254
AT S P B, D RS RAKAE T DBN Fil
Y5 3 )2 RBM 2544 % Softmax 43234 AT A 2
4.4.2  {ORRIBCRVEAR

TEREAARL R VERE 09 Bemh | g — 2D PP Al H AR 4R
DML R SEPRACR . £ 4 R T 00 ( RGe ke
2 AR MRS S HG R ) BEAT SN A i
SR 7 MR (030 W o7 I [B) S A, LR S
AJa T iIR G IR LA, TR DL LK 3,

x3 AEIATHRSENIRGNERSERHNER

Table 3 Oscillation mode identification results and control
performance under different operating conditions

®H RGRME RGRE KRGRE  wE

. f; s (Rad) (BRE)  RAE W
/Hz /pu /pu /% /s
A1 0.45  0.12 0.05 58.3 5.10
a2 115 0.18 0.07 61. 1 4.30
33 0.80 0.20 0.09 55.0 6.50
T4 130 0.22 0. 10 54.5 7.00
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Geikni Wt R] G ad FAK T AR R TOLF B
TRV Gy M/ T PR35 R AL, IR (B R AL T 54. 5% ~
61. 1% X [A] . AR TL0 T A TEDCRA ], (EA7) 52 B
TR 50% R AE RE VR, PR BT 45 SR W 0 T SR, X
T8 1(0.45 Hz) ., T.% 2 (1.15 Hz) . T.% 3
(0.80 Hz) FI T4 4(1.30 Hz) W& % 1. 15 Hz T.%
) RN B R i A, A8 R Ak 52 T = & 1. 30 Hz B 3 ik ]
7% UL IS B XT 1. 15 Hz Z545 B3R5 90 R 454
A, RGN HEIAE 4 B T 00 F 50K 5 3R IR
ARRT R 0 U R R ST A K ka3, T 2 g i Asf
[ fe 0 (4. 30 ), T-00 4 m 7 B[] e 1 (700 s ), 3X A
FEHIPE I HE MG X T 00 2 0 I s At o M TR AT
T, BB 2E S BRSO IR 3 M R B AR AL ), g8
R VR o, ELA R A 038 O A AR, A
ARG R E BT IR T AR

F 3 HWE BT AR T 5 TS AR iR
B U A 7 B () 580 R R B 4 ol SR
HIAZ ORISR o SR AR iR 7 MR B e I T i AR 1k
B S JRART 4 MBI T (R ek R ),
Poshtan) IR I (EAE PSS $2 I 55 AR H g I

—O— il — S

0.25
= 0.20 ‘/.
& /v

2 0.15
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%
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O 1 1 1

TH1 Ta2  TH3 Til4
RYMA T
B 5 EHEIENREIEE
Fig. 5 Oscillation amplitude before and after control
ME 5 FTLAE 7R L0, i I IR 9 s
ESA I R, EEIIE T i SR R 55 R G dik
ViR EE I AT XU Ty T A R, IR A B R R
REEhInt FRFHIREMN T 1 89 0. 12 pu BN E T 4
[ 0.22 pu, 6l J5 , B8 AE 2 0 B I 2 0.05 pu.,0.07 pu,
0.09 pu H10. 10 pu, 25X BB FEA W AR IR EHE TR,
T 1AL FEWAE A 0. 07 pu, JE45 % S B e/ N T
B, T 00 4 LN ZEAE R 0. 12 pu, M4 TR, M
AR 30T, T80 2 IR ik 61. 1%, &3 il
RO 00, 1T T80 4 1058 54. 5% , ARXH I ]
BRI o 3K — 25 S St T 2 AR B A A X
S8R, WA IR BB T R 2R3 T B (i
5 & @
AR SR M TR B 2 2] B L ) R G AROR T
P RIS | 28 52507 S B0, FE o eI

FHEARMHE TRELHME, ZEAURITIRE B
W% (DBN) 1) JC Wi B 2 )2 I 25 SR iE 2 48 6e 7, 7T
H s BUIR & 15 5 P ROk A TR 2 JE R PR 1E, $5 1E
Softmax 43237 BOAE R ) S AL , AENE A SUHLE H N iz
A7 e R AN T 3k A B M T S B AR AR LR P TR R B
Wi, SRR AT 31 3% 455 X 1 v G B R ) e 4R R
FIMERG PRI 94.5% , F, 53500 93. 5% , AL 58 Prony +
BT T 16. 2 4N H 40 44, B CNN LSTM #5271 73 5]
T 4.9 F 4. 4 DA, P RAISEIRCR 5
RG-S VR B2 2] 5 Prony J5 ik, 7R HESE BB 2R 31 9
Fehth b, T S PR A% BHE LSRR O REIE S L
PARB AT , AR T — b e R 24 T T 5
LS ECHE R 22 )8, I 3 T TR A 9% 3% 12 I &
SR RTEEPE, TEDCIERE b AL T U 45 SR R
DA i R G RRGE AR (PSS) B Hsh A
P T B A - T 45 7 PR, BEAS R
PSR 5 0 & 5 R Rl #E . 0.8 Hz LS FHJE H
0.05 42T+ % 0. 4 (32 T+ 700% ) , ¥ 7 W A8 2 08 R e i
ik 73% , HABASE S L JE L R RN T 25T 5%, o 3%
TR, SRS, AR A B TR 1k
FES 2 T00 T 2 B H A0 0 1 5 1 ok vz Ak g g, sk
o FEL X AR A0 B 95 13 B AL T — o 255 T AT ) i e
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