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Multi-frequency band oscillation source location based on STFT and
two-stage deep transfer learning
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Abstract: With the large-scale integration of new energy, represented by wind and solar power, into the system and the
use of new governors of high-power turbine units, the oscillations in the new power system have expanded from the
traditional low frequency oscillation to multi-frequency band oscillation. Accurately locating the oscillation source is a
key means to suppress the expansion of adverse effects. Thus a novel location method based on short-time Fourier
transform (STFT) and two-stage deep transfer learning is proposed. In this method, the active power measurement signals
of all generators are converted into time-frequency representation matrices by STFT processing, and the matrices are
transformed into feature images by linear mapping, so that the location problem is transformed into an image
classification problem. The feature images are then fed into a ResNet50-based two-stage classifier. The first stage is used
to determine the type of oscillation, while the second stage is used to locate the source. Transfer learning integrated with
image knowledge learning is adopted to further improve the training efficiency and localization accuracy. Simulation
results for the New England system with wind power and the Hubei power grid show that, compared to the support vector
machine, decision tree and single-step transfer learning method, the proposed method has higher accuracy and robustness
in the presence of noise.
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Fig. 1 Framework diagram of the multi-frequency oscillation source location algorithm

based on STFT and two-stage deep transfer learning

T 5010 BOBE I T B s A IR,
N T RIS SRR ER I A REE, THE ()

HIRE I F 77, M 58 SO 4 3R AiE (time - frequency

representation, TERYFEFEIEEN T, R Q)FRE.

Eﬂn@:ij&MTrﬁk”mﬂrz 2)

TFR fifF E Lo TS SEARME LI E
oA, IS TFR JEFE, WL T A5 5 iR 7y
B EE AN A 1 L o

W HRE MRS T — D EEEE
HE, BORE TR R #R . BERE N

K EESE AL AP RIS (8] 73 F 2, IRkl 245 5 Atk
HEAN . EARM T, EEAFNE OKEH TR
T 3 NMBGHEAT STFT ALFE. T ULFO 5
LFO MR Ju, BRI E R DU R 5%
FIBARANRAS 5 PR FFE IO 3 N . T SSO
PIAR VO, SRR I o LKA B b o 5
A 1, FF RV RE R I Ao AR HEAT 5 1
M, TR BARIR S E AT e m .
TG KBILRE I RRGE S, 72l
F STFT 3RHUIL ULFO Bt LFO ALK& SSO #i
EYH TFR if%E A« B FI C, Hrh, HRERIZE i 1756




-84 - o) R R HiEH

J AR ME R N, « b, M, 3 TFR A
B4 53 =(3)— (S Fiar
_a1,1 a, - al’nl_
A= a?’1 @G, a4, 3)
b, b, "
| o 4)
_b,;,l b,;,z b,
Gy Gy cln3_
o )

XFH NG RBIWHETT RS, ERAEZHE
PRI, &ERKEBEHXTN 3 4 TFR %k, Bl A. B
5 . ik, @& S K EALP TFR FEFE, AT
PLH R(6) K~ B — R FH At 0.

0= [A(l) BY ¢V AN g C(N)] (6)
Xrf, A4” B 5P RERE 0 6K EIH
ULFO #iif% TFR %% . LFO #i TFR %[5 5 SSO
PEX TFR 5B 1% .

BRI ST N, K ULFO #5E% i) TFR J [ AH
EERIT] 78 ULFO ¥k $i4F, ULFO ##A U T LA
FEVGE
U= [A(l) A® . AND A(N)] (7)
KA, LFO HEA L 5 SSO #EA S 735 AT L
(@) IR (9)F R
L= [B(l) B® . BW-D B(N)] (8)
S = [C(l) c? . CcWY C(N)] 9)
i bR I VAR B TFR J6 M R A BRI R
Sy R R AR Ak e R A A 0 3R 2 1
(R N ER LA S E AL R I (S R L
FEI S ARME AL IR I I PRIEVE R SR, TR 2cdfe
B e i P 15 A% X RE AT 00N i 7 ) A 2 T o PR 8
FEVNGREEA E LRI, 3635 o5 PNl 22 TR
FEHZAE Al e A
ARSCHs TFR REFEF AL AR R A i i
T B, KRR TFR FEFE R TCEIZ MR EI /N5
FedbATHE Y. 205, R G ISR E R 2t
FE I viridis colormap H', TER— AN IRE .
FRHRAE AU AR R R B R G &R, K TER FEFE 1A
NTCER RIS A B IR A R I . R AR XA 5
12, K5 4 B TER JFE 37 o 70 KB 5 e hr
B VAFE M2 AR A1 LFO R A il e
BHIE BRI 2 BT

PMUA T Th 3
. “\\Jn\mu\mm‘u
N'H\l M\” HM AHLSTFT
mm “” TR

|

M2 “\‘H i

M \lIH \mH Il

B By K EIE

HOFER R
gt

'”wﬂn il
. ‘J“\W‘M.J‘M\u"nu“‘

OIWTARRIAREL, & & R AN T
T3 TFRAE R

| JALFON, HATPMU
FHEA D Th % AR

AR ALK
| P AR 1

I
I
|
I
I
) A oHBEREG :
I
I
I
I
I

[ 2 LFO $FAEE1& 4 R IZRE

Fig. 2 Schematic diagram of formation of LFO feature image
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Fig. 7 Comparison of transfer learning and non-transfer learning

training LFO localization model training process and results
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Fig. 8 Confusion matrix of the first stage classification model
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location methods under different sample sizes
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Fig. 9 Confusion matrix of the proposed localization model
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Table 5 Comparison of location accuracy of different

positioning methods under different noise conditions
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Fig. 11 Confusion matrix of the first stage classification model
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Table 7 Comparison of training time and location accuracy of

validation sample of different networks
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Fig. 13 Comparison of transfer learning and non-transfer learning

training ULFO localization model training process and results
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