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Intelligent comparison method for fault record waveform data based on the FDTW algorithm
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Abstract: An intelligent comparison method for fault waveform data is proposed based on the fast dynamic time warping
(FDTW) algorithm to address the problem of the lack of channel identification information in fault recorder wave files of
intelligent substation protection devices. This lack makes it difficult to correspond with the fault recorder wave files of the
same source channel. First, anomaly detection is performed on the fault waveform data extracted from each substation to
ensure the quality of the data in the fault waveform files. Second, the Lagrange interpolation method is used for sampling
frequency conversion to deal with inconsistent sampling frequencies between the protection device and the fault
waveform recorder. Then, the Euclidean distance is used to align the waveform consistency of the same source waveform
files to achieve clock synchronization. Finally, the FDTW algorithm is used to intelligently compare the fault waveform
data without channel identification information. Case studies show that the proposed method can process the fault
waveform data into a consistent type, quickly and accurately calculate the similarity of waveforms to be matched, achieve
the matching of the fault waveform data from the same source channel, and has strong stability and real-time performance.
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Key words: fault record; FDTW; homology comparison; Euclidean distance (ED); intelligent substation

0 385

B AE A R R R s A L B SRR AN
$ei, AR AR R RO T R AF .
WSR2 PP ORI S RAT WA BT A SR B %
i e R i e A SR () o AR AR, AR, R
WATH I TEAR R B AR RN, A FAT K

HEWBE: BRAAHFIAEAR Foh(51877084)

W SR BOR SR AR, FEONGR RS R E T
Ry R A AP AE B IE ARG B . o AL L
FHOE R SR ), DL ) RS BEFE R
P B AAAE A S EIE R ME B e TR L. 7o
V2K TR SR [R] 3 3 (1 RS 8% SR SCAE 5 PR 2
ERPOCAARR B, TR XL E
I T MERE . BRI, nRZRRIE ST T A SO
T RISRBBICIL A, SEHURAE B 5 AR 0L T
[ 5t e B RO R RE LS, B e B ) R G



WG, 5F

T FDTW 532 R b i v 0 5 fi Bk v - 83 -

W T EEME

H AT, WlE UL 3 de R 32 253 N Al
APE B UL RS a2 00 R . Forb, B ARA M B
DTG e 2 1 T B 1) 32 1 5030 Sk L 4 79 A 445 D TR 8 T
AREE, MR ITLRCIE L, EEINEAMKR
ik BR8] (dynamic time warping, DTW)
HVEA Hausdorff FEBSVESE . MR REGEIE Mk
H AT I PR AT 2K BN M. SRS
TR L 325 2% 2R B 1] 5 & FEABL R BBk e LA
BELR . SCRR[6]f0 FH oA — R BT HAR 5% R BCHI
WA . MR REGE R AT IR . J7 iR AR
FEAG (HR R VAERAF L R K AR R, BT
R I 2. DTW BEA T EAF TR £
— X, R T A VT R AR TR AR I
TEABAE DL 7] . SCRR[71RH DTW R4 52
FEL S 8 ok 304 1215 I T 0 B v g P A T UE e AL
SCHR[S1FIH DTW S sl s A B 47 & VS 540
P AR URFILECHE TR AR KR, DTW 547
EETHHEERS . (HEE S8 . Hausdorff
PE BV FH AR DG 9% 2 18] B /0N B 1) P B PR 1)
KAE R R PICARUEE, Z 7RI T UL e 4
P, SCiEk[10]F) B Hausdorff BE B9 M 2 3 T K
AEACLRE LU R 26 B U PN B DR B0, SICEL s pR
HORBAIYI R . SCRR[111383 Hausdorff ¥ B S 40>
M2, MR IR &R, HE itk Y
PUTFILRE IR, 552 RAF fU 5 IR .

T T AR [ 422 VT E 2 ) FH 309 R AE B R AR
FEVCHCIE TR, SIS )7 51 23 [A) 4 4, Je I Ak 3
RO fE SIS RE VS RO T 2 [ AR . 2
THEA /NS APTIE S ks, Hd,
AN AR R AR A5 is SN A QI TR AT 2 R
FEAAL, RERE T4 98 H 1) RUAE B 07 T R ARRAIE, 13647
R MU, A S0 A N R B, i
B E T A 25 e A U8 SR 191K S R
HLL I T AT /DI AR R BURF AR, Rl M 4R
B AR B I L LG . SCHR[20K /N AR He 5
AT SAE A A AE 45 A SEIEC I SR A I 5 4 2%, H2
/N e AN B 220 1) B 3 B 1) B B R SRR AE, HL
ANBE AR AR 8] P 51 o AR T2 AR — Py dakt
TERFESE B M 7 7% o SCHR[21 PR AR P T A A 43
= T IRVF A 4 G ST R 2 e e T AR 1
o CHR[221¥AH-F VL 5i84E BP #HE&E N2 AH S
By IR A b AR R T R AT i b B
ST X 2 B A4 2% T . AH Y- TH S AT AR B T 1)
2 RretE, BAZMATRER W, (HEELdEbn
Frd I TR, AR ZE AT AR

SCHR[23FIA S AR 4 0l e A 7 8¢ P I Sl R A el it
AT53 AT, AT LA /)N jpk 38 iR e P o6 FRL I3 4 ()
R ABSRAE SR 1% 07 R AU 3 FE I SR AR
o X WAL SR8 [R) R LU XS 5 VA 98 IR AR 9% SCHR AR
b, B E BRI I, ORI B IR,
SCAAFAE TC B AE S S5 517 100 4 W i i ST A R B
PN T MESE o

BEXr FIRANE, ARSCHEH — T e S A
B8] KL% (fast dynamic time warping, FDTW)5L7% 14
Wi SR Y0 B R R O 7025, e T TR SR I ST A3
PR HAT — BB, SEICRAEAR — B N A5
ZITVESSIL T B8 SRS MR R B R BROE S
IF) Yl e 3% g 8 SR BT R AR ALLBE DL IS . R
Python AT H B 7347, 25 KK W] FDTW HikEL 4
DTW BEBAHm i ERE, HREA R
HEMEAE M E

1 BRSO BUIRE R R B R A
3B DK R B L A I 1 R

] VT B LR 3 B ‘
v
\ SR SR R \

A"

e
(=]

‘ PR e ff ‘
|

&

\ B \
[

v
‘ ST BT |

B 1 e RIR RS R X A B RS

Fig. 1 Architecture of intelligent comparison method

for fault record data
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Fig. 2 Schematic diagram of sampling frequency conversion

of fault record waveform
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Fig. 12 Record waveform of the protection device having no

channel identification information when the sampling is abnormal
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