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Mathematical morphology denoising and interference recognition method for DC protection

XUE Shimin, ZHANG Junting, LI Botong, LI Xiangyu
(Key Laboratory of Smart Grid of Ministry of Education (Tianjin University), Tianjin 300072, China)

Abstract: The flexible DC transmission system is an important means of adjusting the uneven distribution of energy in
China, and DC protection is the key technology to ensure the safety of that system. Traveling wave protection is mostly used
as the main protection in existing projects. However, the wide use of traveling wave protection on a flexible DC transmission
system is limited by serious noise interference and a difficult wave head extraction process. Given these issues, a
mathematical morphology denoising and interference recognition method is proposed. The parameters are designed
according to the characteristic of the DC protection sampling signal to realize DC protection sampling signal denoising and
interference recognition. First, a denoising method based on adaptive multiscale mathematical morphology filter (AM-MMF)
is determined, where the scale of structuring elements, the type of morphology filter, the filter order and step size of
AM-MMF are designed. Secondly, an interference recognition method based on morphological gradient (MG) transformation
is determined, and threshold values of MG are explored. Then, the comparison of the filter effect between mathematical
morphology denoising and typical denoising method is made from different perspectives. Finally, the coordination effect of
mathematical morphology denoising and interference recognition with protection scheme is validated. Mathematical
morphology denoising and interference recognition has superiority in low sampling frequency, moderate computational
requirements, excellent filter effect and excellent suitability for DC protection.
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Key words: traveling wave protection; adaptive multiscale mathematical morphology filter; interference recognition;
morphological gradient; fault wave head extraction
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Fig. 3 Schematic of multiterminal flexible DC transmission grid

RAFESHN: HEFHNL500kV, ZE=x
2R 8K linel KJ¥ A 186.6 km, FAFEHIZ N 20 kHz.
THILL linel IEARAU f#bE T, A T2 5 e
IERR LR B ARSREL I H HSRAEAE 5 01, FIIF Matlab
HHATHEATE S T IGAE . R SCHTHE I A5 2 B e
L R B L IS B R R E
HoAh B R R SRR T ERGAY RAE S .



- 140 - W) &GRSR 4

2.1 I 1 MMF B9i&3t

1) IEHIBATH B

Lge FI MMF 9% B2 AE Wit i 2[R A %5 FE L
TR SIS P SRS BOR o« 0 B L e S5 46
KAHE T A RIBTHLIN 20 dB 5 i e 7S DB
P IR MRS o L, AT MM T8 i R 1 52
M 4 P&l 4 Bz~ . {51 b (signal to noise ratio, SNR)F!
)77 MR 1% ZE (root mean square error, RMSE) A [ 1 2%
RV TERR, 73 zg M zZpuse o5, HHE AT
mR16)MRA7) R

ZSNR=101g(Zf2(n) Z(f(n)—Z(n))zj (16)

1 N
2
Zrse = 4| 2, (/ (1) = 2(m) (17
N n=1
40 T : : 60
alt-hybrid MMF SNR
35t
! 40
|
z . .
= 30 hybrid MMF SNR | 4
Z | &
&l I
hybrid MMF RMSE : 120
.
2] e A N i )
T B CT s
3-6 |
20 14 ) alt-hybrid MMFRMSE 0
0 50 100 120 150 200

Irse
4 TEEIBITHER Irse F1 MMF 288U 3o 38 55 S R A 220
Fig. 4 Influence of /gsg and MMF on filter effect at normal stage

PEPR zg Kz BN, WPEBIE HIE S
5IFIME 5 R Z RN, DR RO AT . K 4 AT,
{5 FH| hybrid 1 alt-hybrid P4 MMF X} 457 52177 [
FEUEBE, BEA L HIHEIN,  zg FRRI NSk
WK, JEE—EBENIE, 2y RZe Al F
alt-hybrid MMF R & 8% #% (hybrid mathematical
morphology filter, hybrid MMF)[ zg, BB K, zppee B
AN UEBRCR A R [, 7E 3~6 JEH AL
I, B [, BOBGIN, DB R 2 1 5

R LRI R A TR S, [, 1& 21 I0AH
AT IR EKEE Y, & I KR
ANRRE IR R E N, B8 S A b S HE R A
HIZSALRFAE, SO BRORA MR I . 24 [, 1
INE—EREEES, B P H I 0 f K s/ IME R
AN, WO RCRA T RZER . L £ 120
W, MMF X RREEEE S IR RCR A, {H BB
Ly IER, AR RPN T E I ZER o alt-hybrid
MMF H1#] OC 1 CO JEBIIF U 1 oy 4
JREARBHE, WEREATWEEARIZER hybrid

MMEFE((f o g+ f-g)/2)), B3 T S ke /ME
esh. B, IEHIBATH BN GRS 2, BT E
XNl A1 alt-hybrid MMF B, ]38 /b 1)t
SR RAT B U (R DR R

T L, FIRAESE, ZEH AR L2
P, O TR SEmt i, fEASC 20 kHz R
FEAR TR, BRI FEM L, I RHL 6.

X T L, FRREIESE, W &R 3 A 4
FIT AR AFE AN A3 — R A 3~5 MR
AT AR, ANT 3 A SRR s 7S ] DL 2 A
Tt BT FSE S2X/NT B S 75 B A f
IR, L, 9 3 B, XT3N o s E
[F](3~5 /N RAE S0 P IR 7 B R AT I B R

2) iR B

Bk R ARESAE 2, BRI BB 25 IR B R ]
REEE S IR TREIE . B S R T B, R
[f] MMF 7E Lo, (1 FBRAT R BREF RIEpREE R mT
W, BT PR 5 IR i R 2 Bl As,
Logs /DN, AR J PR B 45 SR 5 DR BB I T ek 42 30T
H T alt-hybrid MMF XJU&{E PP EERA - F4I7ER,
alt-hybrid MMF %44 - Lt hybrid MMF X% % (1) B
AR . PR, BB s/ N R hybrid
MMF B A&,

600

hybrid6 MMF

400}
200+
>
%
S ok
~200f alt-hybrid3 M|
£ fya 2 1L
TIES hybrid3 MMF
400 1.300 1.301 1.302 1.303

t/s
&5 [E] MMF 3 &B& R 2 B8R R
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Table 2 Correlation coefficient under different filtering methods

WEW T 40 dB 30 dB 20 dB

T EIE 0.98 0.98 0.96

T B SE IR 0.96 0.96 0.96

N AR 0.99 0.96 0.87

A SRR -3 A e 0.98 0.96 0.95
hybrid MMF 0.99 0.98 0.95
alt-hybrid MMF 0.99 0.98 0.96
TSRV A 5 [ 75 12 0.99 0.98 0.95
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