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Transient stability assessment of power system with time-adaptive method based on ensemble learning

WU Sijie, WANG Huaiyuan
(Key Laboratory of New Energy Generation and Power Conversion (Fuzhou University), Fuzhou 350116, China)

Abstract: For power system transient stability assessment, the characteristic differences of critical samples are not

obvious in the early stage after fault clearance, and the prediction accuracy is low. Over time, the evaluation accuracy

improves, while the timeliness of the evaluation is difficult to ensure. Aiming at the contradiction between the accuracy

and timeliness of transient stability assessment, a time-adaptive transient stability assessment method of power system

based on ensemble learning is proposed. First, the unbalanced data are sampled by the EasyEnsemble algorithm.

Ensemble LSTM classifiers with different evaluation cycles are trained. Thus, the stability prediction results of samples in

different evaluation cycles are output. Second, the evaluation moments are divided and multi-stage threshold classification

rules are proposed. The threshold is adjusted adaptively to evaluate the reliability of the prediction results. Finally, the

samples whose prediction results are evaluated as unreliable are handed over to the model of the next evaluation cycle for

judgment until the reliability reaches the threshold. The simulation results in the IEEE39 bus system show that the

proposed method has better performance than other time-adaptive methods; in the case of unbalanced samples, the

method achieves a better correction effect.
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Table 2 Assessment results of different methods
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Fig. 5 Results of different number of LSTM sub-classifiers
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Table 1 Assessment results of the proposed model

VAL A Uc Pacc!% Puc/% Peal% Pep/%
3 248 99.84 6.20 0.17 0.14
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6 143 99.64 3.58 0.34 0.40
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Table 3 Agr, training and testing time of time-adaptive

assessment models

Jrik Arr(1) YIZHI [ /s P ) /ms
CSCM 3.365 766.62 0.42
TSAS 3.335 263.71 0.19
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Table 4 Evaluation performance of different methods

under unbalanced data

ik Pacc/% Peal%  Pep/%  Arc(JEH)
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TSAS 97.40 1.45 3.75 3.265
BEALR RAE+ TSAS 97.78 1.75 2.70 3.380
SMOTE+ TSAS 97.90 1.20 3.00 3.265
ADASYN+ TSAS 97.78 1.50 2.95 3414
ARSI 98.68 1.45 1.20 3.209

CSCM F TSAS PiFf (8] B & B vPAs ik B T
WA BIEA AT AT, SRR BCP AT
BI¥EIm. BENUR KA SE S 3T T 80 Fa B FEA R AR
WEPRFEAR TP . (B A IR A TR S A8,
L TR FEASS B . SMOTE A1 ADASYN J& T3
KAEW 7, B G B B AR DT P A A
. HAOERESRHRERUNEIE, 55 FH
BRI E . BRIk, 3 FREIERIATREFE A R A 2
YIRS W3 PR - K SR H EasyEnsemble 5H.7%415 3
PN GRFE R AR, ISR B AR
VRGP, HEGRE SR, ARELRRAELH
o MBIEJE AR B AL A B T A8 R R R 8 AR )
TS R R 2 b 1, BA&ERIERR,

MVEAL I A R, AR SCEAE R IE R = 2
FKUEHR AR, FE by A5 (08 ke e YA
gER,

5 £5ip

CLHL ) RG0SR N e s i al, ASCiR
T ETERE I HE N B RAE SR E
PR Tk . IR EIE AL B — 3T LSTM 4
B SR AR AN 22 B B R AE PEAL AR A . /£ TEEE39
TR ARG LI B R RN 1) B8R Fk
TRAN T HF O RAS B, AL TR 2R, M T
FABIREE ) 5%, BA BRIV, 2) $2
(1) 4% 22 R B ) ) S AR Y, AN 2 AN i i o



- 118 -

LY ET R R

FJFHERS JZ T o o 5 AR 1] B S VPl T iR EE
AR5 VA SRR R OP A o 5T P9 A b s T P P
GUR, AAT RIS 3) Wi
VL, RREARVIEERFE, B8 1 REAAT i 1]
HA RO A RE FEAR IR R B PR, 1R
TR S

A GBAT IR SR PN AR A BRI,
PRI B 25 R AN E B R . Rk, 5
Bkt B GRS S S I A ST R IT

£ 30

(1] J$I, BRE, =@, 5 B THERImARERE

WO 2% 1) L O R g AR E BN ). S IE R, 2020,
53(1): 22-31.
ZHOU Yanzhen, CHA Xianyu, LAN Jian, et al. Transient
stability prediction of power systems based on deep
residual network and data augmentation[J]. Electric Power,
2020, 53(1): 22-31.

(2] xR, FhEST, RMI, 55 B RGE SR E ML SR
A1) BEH T, 2019, 47(12): 44-53.

LIU Jun, SUN Huiwen, WU Liu, et al. Overview of
transient stability assessment of power systems[J]. Smart
Power, 2019, 47(12): 44-53.

[3] WHE, 1RZRI, HRER, 5. BARRE FHMZIT KRE

HISRBE BRIT[J]. W RARY 58, 2019, 47(10):
73-81.
CHANG Kang, XU Taishan, YU Chen, et al. Discussion
of power system operation risk control strategy in natural
disasters[J]. Power System Protection and Control, 2019,
47(10): 73-81.

[4] ZHAO Jinquan, ZHANG Yujie, ZHANG Pan, et al.
Development of a WAMS based test platform for power
system real time transient stability detection and control[J].
Protection and Control of Modern Power Systems, 2016,
1(1): 37-47.

(6] XIF, Hal, 28F, 5 ET 2SR

BNER B AR TR ARAS W 5 B2 )], s R
7%, 2020, 56(9): 11-19.
LIU Linging, GE Yunlong, LI Mengyu, et al. Condition
monitoring and fault diagnosis of distribution transformer
based on measurement data and data-driven technology[J].
High Voltage Apparatus, 2020, 56(9): 11-19.

(6] Ze5%, JORE, EK, & FETIRGRAEMSCF M EHL
AR AR IRIZ T[], o E 77, 2021, 54(12): 150-155.
LI Liang, FAN Jin, YAN Lin, et al. Transformer fault
diagnosis based on hybrid sampling and support vector
machines[J]. Electric Power, 2021, 54(12): 150-155.

(7] 2%, EKIL, BRES, & BT IENRE A SR

(8]

[9°

[10]

(11]

[12]

[13]

[14]

AL RGEE SRE D). B RG AL,
2019, 43(1): 141-148.

JIANG Tao, WANG Changjiang, CHEN Houhe, et al.
Transient stability assessment of power system based on
with
regularization[J]. Automation of Electric Power Systems,
2019, 43(1): 141-148.

HU Wei, LU Zongxiang, WU Shuang, et al. Real-time

transient stability assessment in power system based on

projection twin support vector machine

improved SVM[J]. Journal of Modern Power Systems
and Clean Energy, 2019, 7(1): 26-37.

jkbesE, AT, Kok, . BT CPSO-BP #H&M %%
YRR o 2 2 R R A E TEAG D], B R, 2021,
49(10): 38-44.

ZHANG Xiaoying, SHI Dongxue, ZHANG Jin, et al.
Transient voltage stability assessment of power system
integrated with wind power based on CPSO-BP neural
network[J]. Smart Power, 2021, 49(10): 38-44.

MOk, BHER, RUR, & CRAIBENLAERE 5 CNN ##
A HLE S E PROE PR Al (7], R 505 BRE, 2020,
36(11): 68-76.

WEI Wenbing, MAO Junyi, RONG Na, et al. Fast
evaluation of transient voltage stability using random
matrix and convolutional neural network[J]. Power
System and Clean Energy, 2020, 36(11): 68-76.

KA, K, FhocE, & FETHERIZHE M XRE &
ML R R VA5 [I]. FEMIEA, 2015, 39(4): 1026-1032.
ZHU Lipeng, LU Chao, SUN Yuanzhang, et al. Data
stability
assessment[J]. Power System Technology, 2015, 39(4):
1026-1032.

Wik, HoEH, KM, &5 F AU B 2 > HL
I R G SRR E VS T VA, O A S,
2016, 36(2): 118-123.

CHEN Zhen, XIAO Xianyong, LI Changsong, et al. Power

system transient stability assessment based on cost-sensitive

mining based regional transient voltage

extreme learning machine[J]. Electric Power Automation
Equipment, 2016, 36(2): 118-123.

EMGE, BRiE M. T HEZ A > H Sh g %4 1 i ) R
GE SR EIAE AR B A&, 2019,
39(12): 134-139.

WANG Huaiyuan, CHEN Qifan. Transient stability
assessment method of electric power systems based on
stacked variational auto-encoder[J]. Electric Power
Automation Equipment, 2019, 39(12): 134-139.

KRG, BMEE, ok, % T LSTM MHJE AR
S TE G VPG KT FE (7). W 55 v AR iR, 2021,
37(3): 38-46.



x5

SE B A 2 X 8] [ N HL ) 38 G0 8 A R E VA T ik

- 119 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ZHU Yilun, LUO Yefeng, GAO Qiang, et al. Research on
online assessment and prediction of power system
transient stability based on LSTM[J]. Power System and
Clean Energy, 2021, 37(3): 38-46.

BRE, WA, WER, & AT SR EEMS
W RGBSR E T[], & &), 2020,
48(3): 61-68.

CAI Guowei, ZHANG Qimeng, YANG Deyou, et al.
Research on power system transient stability assessment
based on improved deep belief network[J]. Smart Power,
2020, 43(3): 61-68.

M35, G, LRFE, & T ERME ML b
ARG E WP EHIAT]. B RS RI S 1,
2020, 48(18): 1-8.

TIAN Fang, ZHOU Xiaoxin, SHI Dongyu, et al. A
preventive control method of power system transient
stability based on a convolutional neural network[J].
Power System Protection and Control, 2020, 48(18): 1-8.

R, HER, 24, % T XA RGBT
R RS ESREWMI]. B ARG AN, 2021,
45(20): 103-112.

DU Yixing, HU Zhijian, LI Ben, et al. Transient stability
assessment of power system based on bi-directional gated
recurrent unit[J]. Automation of Electric Power Systems,
2021, 45(20): 103-112.

YU J Q, HILL D J, LAM A Y S, et al. Intelligent
time-adaptive transient stability assessment system[J].
IEEE Transactions on Power Systems, 2018, 33(1):
1049-1058.

RS, RR T, FEE, & AT WHBRERFREE
BEMZ B RGGDEE NI BMER, 2020,
44(5): 1776-1787.

SHAO Meiyang, WU Junyong, LI Baoqin, et al. Transient
stability assessment of power system based on two-stage
ensemble deep belief network[J]. Power System Technology,
2020, 44(5): 1776-1787.

CHEN Qifan, WANG Huaiyuan. Time-adaptive transient
stability assessment based on gated recurrent unit[J].
International Journal of Electrical Power & Energy
Systems, 2021, 133.

MREEDT, TF N, MK, 4. ETKEHHCIZ M2
4k AL R NS T TE ). L RGO 4,
2022, 50(5): 65-73.

CHEN Guifang, DONG Xiucheng, ZHENG Yongkang, et al.
Fault diagnosis of a relay protection test based on a long
short-term memory network[J]. Power System Protection
and Control, 2022, 50(5): 65-73.

MR, UKD, WR, . BT ARG R

PR e AR il IR A RSV I T RGPS

[23]

[24]

[25]

[26]

[27]

(28]

), 2021, 49(12): 148-157.

YE Yuanbo, HUANG Taigui, XIE Min, et al. A state
assessment method for intelligent substation secondary
equipment based on multi-model ensemble learning[J].
Power System Protection and Control, 2021, 49(12):
148-157.

VERN, WRAERK, B 5. AR B U O ME S AR
STEARET]. I RGP 515, 2021, 49(15): 1-8.

WANG Ying, CHEN Chunlin, XIAO Xianyong.
Heterogeneous stacking integrated learning identification
method for voltage sag sources[J]. Power System
Protection and Control, 2021, 49(15): 1-8.

BARTE, S, S, L BT AR AR A O B
W24 B HL D R G A AR E TEAN DT D] M EOR,
2021, 45(8): 2934-2945.

YANG Dongsheng, JI Mingjia, ZHOU Bowen, et al.
Transient stability assessment of power system based on
DGL-GANTIJ]. Power System Technology, 2021, 45(8):
2934-2945.

Mih, KRz, EE, % BN T E TG
LW %I RS 5 211 GIS JREE O =R 7 7 28757
WEFL[I]. 7K 8%, 2020, 56(9): 20-25, 32.

YANG Wei, ZHU Taiyun, ZHANG Guobao, et al. Research
on partial discharge pattern recognition and classification
in GIS based on convolutional neural network and
transfer learning in power internet of things[J]. High
Voltage Apparatus, 2020, 56(9): 20-25, 32.

Hid, AR, 1, & BORESHT G HEE
10 TR R AR PO R TR ] IR G H Bk,
2021, 45(9): 89-97.

TIAN Yuan, WANG Keyou, XU Jin, et al. Construction
and online fast update method for transient stability
boundary in parameter space of power system[J].
Automation of Electric Power Systems, 2021, 45(9): 89-97.

TAN Bendong, YANG Jun, TANG Yufei, et al. A deep
imbalanced learning framework for transient stability
assessment of power system[J]. IEEE Access, 2019, 7:
81759-81769.

CHAWLA N V, BOWYER K W, HALL L O, et al.
SMOTE: synthetic minority over-sampling technique[J].
Journal of Artificial Intelligence, 2002, 16: 321-357.

fs HHA: 2022-03-06;

{&E H&A: 2022-05-31

UEEIEMIE

Z 84 (1997—), 4, AEHRAE, BRI EANEF

A FGF LA E-mail: 978336273@qq.com

7€)

TIRE (1987—), F, @4, Hd, si#dg, AR
A R RiEAT 5424, E-mail: 79749544@qq.com
(i &)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


