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A differential protection method with mathematical morphology filter

LIGang ', CHEN Jun-liang 2, LIJun-yi'
(1.Zhejiang University of Technology,Hangzhou 310027,China;
2. Hangzhou Electric Power Design Institute Ltd. ,Hangzhou 310002,China)

Abstract: A mathematical morphology is originally introduced to the field of protective relaying. All possible noises include pulse
interference generated in HV power networks and substations can be filtered out depending on the low-pass filter designed with
morphological analysis. Then, geometric features of the signal can be maintained better. On basis of the above filter algorithm which

is simple, achievable and beneficial to smooth the wave, a sampling value differential protection is proposed,which has higher speed

and speedy response sensitivity.

Key words: sampling value differential protection; mathematical morphology; filter

RESHE.  TM774 XEARIRE: A

0 3§

WHILR, ZshRIP—ERZ BRI ERY .
R F T ZE 5h 4R i A IR 2 R TR AR
WA &SR, R0 TERE R
LR R A R P (E S .

LR, R EEA AR E ST ES RS
SRR W TR 2 S bR A, iR
IRERER AN TEME BRI ANE,
Tlxt THERHERE R ERN, HEHWL. 53
AR TS, REFRE MR E S BRER—
P 200 4 B L, PEAR DR 371808 B0 L 16 o B
BRMEZRNET . REFESEUEES, IR
GRAP R A BIME I —AN SRR RS, R & STHR LRI
W e i 2 0 {6 45 T 8 e o S i 0 LA A B ML
R R DL SRAE A L P RN (R A SRAE A 2= 3 e ) BR W)
MIBCRAHE ZE IR AR . BT R RELRERU
I J& —™ R B O R B T T 4R AT A SR b, R

NEHS:

1674-3415(2008)14-0052-05

A F IR AT, R, RS
CLEE W 5 N AR A SE AT, BIRT[EIEE CT
AR EFAFIL W, EEAFTEE. Fh
EHRP RN, REEESRAIEE
R, HHEEDEREA, RNULMINHERS
E BRI G K — 5

W, RAEESNFENANEREET THE
MBS R R R R R B, BIE
REEELE. FRARTESFIIRD . FHAH
BUAZS R MAELBENE, IR B3
TiRbke B, WREMERPALEMSIE. FTLL XH
ST i A 0 G 28 MU B 7 B i s ORI e D 2
BeorE. (EAEIEN T SRALREERRE
KENRE; B AR B IER S X IENT 5
A, XIS B RAEE B RALS . H
THBRERDE, SCRBIR AR EM D 5REE
HA&ERENEE, NXETRERDEH B

Hl, (BE— R R AR S BB T A


http://www.cqvip.com

B0 00 http://www.cqvip.com]

gE R B BN .. — RN ECEEAE W
(Mathematical Morphology) HI{E 5 A T B4 #
Y PR EA R T HE . BERFWBEICKA BOOL
AN, SHESEKEFIEEAEL, SRR D

ZER, % ETRTERE A BN NRAEET T E -53 -
| 4sin 6 | >C 4)
Hep: AhEFHER, IATE, CAHAFH.
| 4]>C (%)
BEFXHAHITEER, VAR E
c<4/~2 6)

FIR AR . ASCR SRS TR EE
B, WiET —MEST-HAGIER T, ZHET
EE¥H, BTHTEE, BANERES RTEREE
H. IFEERA, ZHEAMUTIE S S
FE KT IAE IS R 7, T AR B R 715
S LR .
1 HEREFRE
1.1 ELEERBISSERNESRIP

SR ESRN S, TR ZERSE
Wl ZERS. Bl Rae, HmAZERHnagh
PN T, TR B L - ARFTAR, HALLHIZE
BRI ZEEN B —RIA g A, +1g |, TSR £ F
U, MR RFT AR GRS, R L
(BN PSR R B S e B, LhEe SR
—F RN RIB BPIRA Lgy =T 14172, H

&A

Ioqr > Kealzar (2>
B o ABIENIHE, RIESLH. e EHEmAH
W s,

1.2 RFESHFEERE A PEENE TEE

RAF B U2 5 R 37 3t 2 R WO SR
IER SEIE T HE R F I RR Z s R RS E R
Yoo XPIHIRBOL BT . RIR A R A
RARB B, WEEREEs &, AN
SRR TS . BT REEZEEN IR KB
SLERA AR S, AU SR A R R, Bk—
THE (D, 54, S FREEES), %
ATLLRTRA -

iq 2 igo (3)

Horb: gy WESNRPRAEE, i AEHETIHE, BIE
L5

REFEEDFTER—BRERENR, £—Ehk
BR (AN T, EBERFERA, HbhmRE
S RIRAHIEFRM, RIPahfE. MATBKN RIS IR
Mo —f%, RIEL SRK 2 WA T HFHENEE
BRI TSRS IR, S HIRAE SR H IR o

Fift—F o HER G) M— BB xR
(3) KR ES HIRH— BB N :

2T F SRR (E E B B A 7E B — 2 ) 3 4
T QFAETRHXEEN A RENE. QERS
EHRKAFZ T g B HEMEEREE. OFR
R EshRR 0.

1.3 BIFHREE

B RAEY R IESBEMY FHE
B, ERJARSSHAERNE TR, %R
BEHESKRBERBRES, EEEESH, ER
TS BE B “BRET, BRALHITTE. M
BEARFESRAMBIEWITE, FETLEREH
M5 B AR . BATHREEE —ANEZR
Kifs 5o BB MEE &S, HEBHES
ERHE, ANGEREIENBRIGL™. M
BF A AR B IR 2%, B RIRE SRR
SRR . BEERETICENBE, HEARRD
ATLAMEIR A B R, [HERHNE, BET
e FE 4 BOOL B H R/ bERIIEEERE, TLLAK,
SREGRHET I E AL, HESEEENSATT
Xy AR 2D B AR3 Ab 3R e

TR — Ko A _ERSTHRAZHES
T, ZEEETHREHRKELER. ATEEDE
GESONR—BRRPR—HES, RERETAH
B—EEEEN T RS EBST AR K.
ESFREEN , URESIF. WREBREE.

EX 1 & f(n) Fgm) 735 A & XLAE {0,
1, =, MN1}FD ={0, 1, *+, M1} EEIBSBIERS,
B N=M X8, f(n) ABIAFY, g(n) ASHTE,
W £ (n) KT g () B HRFORZRE 5351 52 XA -

(fO© &)(m) =min{ f (n+m)—g(m)}o - 471

Hern=0,1,--N-1 (7
(f ®g)m)=mex{f (n+m)+gm)}o;... s
Hhp=01--N-1 (8

B R REAR AR, WE 1T
o B HE— PR, XFhATEAE B AR
Hlds, FILET K. 1EARHE, FEEBEHKE
BRE—NY RIS, XM EREET K, f
Ml e

BTRNDARGHRE, KEREIT A/DERE
FIESEH f(n) . MALHREBIKE, HEBUES


http://www.cqvip.com

PO 00 http://Awww.cqvip.com]

-54 - & h & REP BN

SERE 75 S VR RR B B S R R (R AR R
%,

—RERT, BHAERKEATEEE. &
b S 5 e Rk S TR R B 4 R IE AR,
FHEMNYAREERRERER. TRSETHK
AFZR, BFFiEH (opening) FlAEHE:

EX 2 B fn) ABINTFF, g(n) AEHITUR,

W f(n) XTF g(n) WFERFFFTEAS A 73 B 5E XA -

(fog)m)=(f ®gOg)n) 9
(feg)n)=(fog® 8N (10)
BERST. MEEATESERE, EMUN
R TR ES. AT UHEIE S+ rgE
MR, MESHTUMGEESHFRERSRE. AT
FR LGS IE. PGS, &% XHBEF.
I RIRBR
Maragos KAFHEBEBHEAFBHERR, X
T ® & F - i (Open—closing) F M - FF
(Close—opening) JE 28",

SEX 3 W f(n) ARINFF, g(n) hEEHTTER,

M f(n) =F g(n) WA FF-H (0C) FH-FF (CO) 3
WS A5 UK -
OC(f(n)=(fogeg)n (11

CO(f(n)=(feg-g)n) (12)

S5, FEARFF-MAMEA-STIERESERFFAZE
RIFT AP IR BT bia B34 T B A 5 A (R sk
B, B KR HE MR g0 PE « WERIHN

WRICITH), FFBEME B, HERER

FAPRSL R, BT LIS 5 o AR (B LE Pk e P 75
B ENBEFE T Mg, SRE T IUIRMZLE, Bk
DLUERR{E SRR (ki) F . FFHEHENA
AiGERE, ENNHSTUREREFER.

2 HEWMBREMREEEHEL

T35 T PN PR - T 08 5 3% B A VT AR B i
FITHIE. ARKAERES, HETHFEENT BT
MEAEHERRY R, WA SN ES TR
W, WIS EE R, TH-FFE
B Rs IR WK, ERESB/AT, RMEHE
I A REBUSEUF IS AR, A T AR
NAGHIR BRI R AR, ASCRAXBIFE

WA AR
WRNEE N x(D=s®)+n(k), (&1, -, ),
Hrh s(bh) HELRES, n(k) AEE, NIgEEHHE
SH v H
y(B=[oc(x(k))+co(x(k))1/2  (13)
SR TTEERBIREEEERREIESERF
BRI AT R . AXEER ST
Figm, FRRA=AREMITE. MEZREF
BREENR SN NESRE R TRR T A
WP mE, HEARFMIEERE, ERAXNE
RFATASLZHH BRI ENGR, KT
A7 R E R A

(b)X %t B FRIBZAKEE R
1 BEAKFAE R

Fig.1 Inflation and corrosion

(c)X %t B AIREhLE SR

3 &

KAHEZES H BT A AU aE LAY £
BRPBRARY . BESBHEI. THHROHETRE
HA R8BSR

BEAFRAEZESRE (KK 3). #EES
RAEMES ZREIEZE, BEMOE 2. ARk
PERE S IS o 0 B 3. I8 MM I8 DL ROV tn I
4. B 5 ATLAE W, AT E B ASIE R IR
GFHLBERR T Bk .

FAZ (3) HHIFE 5 B T 5 i R e R
MM VRS T HRREAT AT BERAEER A 12 A/
. WEERKRY, SERKFTINSEERR, &
25 ms UG ABEHI O; TZ MM AL BEfS M s i,
21. 7Tms BAATLAH O . XUFHASE MR CLE, #
P REEREE .

CATERARUH RS, &R RGISRR T
FIRFEEZESRE (X (1), (2)). BAHHY


http://www.cqvip.com

P 000 http://www.cqvip.com]

ZN, % ETHERFVSEESHREEES IR -55-

TS UE T S T R EE S R AL N HIIE 1. Rl
BB R T R (2 ) D N A 2. T
T FH B AR A P 5 SR B UE Y B SR B Ak O R
s R . XM HER B R ETRFE)
AR S = AR 2 R B8 R M R & B A
G B A S AR S AR RN — . KA A R
15 A L S AR T B R e R S LR I8 ) SR B
¥, o R L 5.

i
BRI j

0 20 40 60 80 100 120
t/ms

2 MR
Fig.2 Curve of fault current

i |

T Y Y T T
0 5 10 15 20
t/ms

(=1 ] - o2}
i N i 1

i,
N
1

!
-~
1

!
o
1

3 BBk T4 5 B AR F SRR

Fig.3 Fault current curve with pulse interference

1
~N o o o

4

o 5 1 15 2
t/ms
4 X 3 FiRiES £ W IEIE LUR RO
Fig.4 Curve filterd by MM against the sigal shows on Fig.3

REH— 2 kVA, 462 V:200 V, 50 Hz =4
TEBAR, HF, sEUEREE, KEUN=/A
- R, mENEERE R 500 kV, 340 km B

2, R P SREEE R 600 Hz, BIERAR 12 A.
T 20 BT B R R RN T A AR R U T K Sk
A RERIE . X RT B R AR IR AR IR IR PR L
HIEE, AT AU EEREWD, RN XEEHR
FIER AR, T KENHETE, BRITEET S
FITEE . BIRPHIHE AL 4=0. 5; SIMEFRRELH 0.3
15 I BE R -

A5 I 2% 5 S oy B K S B B A AT EL AN A AR
FIATKERIERENEL, HTEREHRE, X8
AT RIS K R e A E oL T Ik . %
WEWE 1 Pin. MNTHFR L FHRERIE, H
S T 2= SR JE B SRR E E B B
2 R TI AT RS R TR R E ES)
F RS AR )8 T B H RO AR S DR R], R 2 B
HF 2 ERATLIEH, MTREEN 12 5/ AN
REE I, HIYE 2 EHOHEE 1 | SH O, S
FHHLAT 2X1.667=3.3340 ns. WNTFFE1FH7
UL, RS RFHE 23N BLAE 20. 0040 ms LUEA
feiO, TISRHHEE 1, REE 16.670 ms #LALA
IO, XL fERT [RIFZEHIZE 20 ms PA.

X
s
=

= .
5 RIRE FIBIRLEE
Fig.5 Wiring chart of principle active simulace test

1 TEABFME
Tab.1 Test content

R RERE EP Ep
1 H x
AN B AR
2
5 E<) E<)
3 E E<) I
7 FEAT BC AHIE)AE B
4 £ E<) E<)
5 = =1 x
. fREEM AB #8184 5%
6 " , E<) E<)
7 g EEM B A8 4. 35% E) x
g [ o 45 % [ 4 35 " -
ik ’



http://www.cqvip.com

£ 000 http://www.cqvip.com|

-56- & A& HEY 584

% 2 AMFEAEEZHPIEITEOSEF G ZRPH O E
Tab.2 The time of the beginning of failure and the protecting

export calculation by two sampling criterion value difference

O I Lt
HyRRE I
H5 %R /ms
: £/ms
! 8. 3350 5. 0010
2 8. 3350 P—
3 11. 6690 53950
4 8. 3350 5. 0010
5 8. 3350 50010
6 6. 6680 33920
! 20. 0040 16. 6700
8 18. 3370 15. 0030
4 LEig

BHZERSFREEREMES G2 M
A BRI BB A HNBEFERST ],
AL EER BRI, T BRI A REGE. BT
BRIEEIT-AH A IEB S T LIERR & BE g
PR s TR AT TRTIR T, 7
ATRERERFEEEIN R 2, WiE b
FEHIRRAMZEBITKE.
S 30k
(1] ®iEE, HERN. XEEENRENAAL 2EHK
B RGE BLE W E ARG CECLRI: 1999.667-
672.
HU Yu-feng, CHEN De-shu.Sampling and Its
Application of Differential[A).In: National Universities
Power System Automation Professional Academic
Papers Set[C].Wuhan: 1999. 667-672.
(2] SRR PRI, BT RAEE 530N RIRER I A B 7 i
(). FEEFTREZR, 2000, 20(9):55-59, 63.
HU Yu-feng, CHEN De-shu. Based on the Sampling of
the Inrush Current Differential IdentificationfJ]. China
Electrical Engineering Journal, 2000, 20(9):55-59, 63.
(3] BIO EEHLEA R WM-41 B RS HA B B (2],

Nanjing Automation Equipment Plant. WM-41 Busbar
Protection Technology Specification[Z].

(4] RS SKAHE IR ZE SRS 19— 2610 B [A). 58
7N JE e E 4 R S ARBHT 18 SCURIC1.1996.

CHEN De-shu,et al. Sampling of Current Differential
Protection of Computer Problems[A]. In: Protection of
the Sixth National Symposium Proceedings[C]. 1996.

[5] Rahman M A, Jeyasurya B. A State-of-the Art Review of
Transformer Protection Algorithm[J]. IEEE Trans on
PWRD, 1988, 3(2):534-544.

[6] Serra J. Morphological Filtering: an Overview[J]. Signal
Processing,1994,38(4):3-11.

(7] 24, A=, BRE EFTARHYERSE—
B RNMAM] b5 REEHAERE, 1997
GONG Wei,SHI Qing-yun,CHENG Min-de. Digital
Space in the Mathematical Morphology Theory and
Application[M].Beijing: Science Press,1997.

[8] Sedaaghi M H,Wu Q H.Real-time Implementation of
Grey-scale Morphology
Letters,1997,33(21):1761-1763.

[9] Sun PWu Q H. Morphological Systems for Signal and

Oprerators[J].Electronics

Imaging Processing in Power Systems[D]. UK: The
University of Liverpool,1998.

[10] Giardina C R, Dougherty E R. Morphological Methods of
Image and Signal Prentice-Hall:
Englewood Cliffs, 1988.

[11] Heijmans and Ronse H J A M. The Algebraic Basis of
Mathematical Morphology[J]. | :Dilations and Erosions.

Comput Vision, Graphics Image Process,1990:245-295.

Processing[M].

WS HE: 2008-05-20
TEEE N

& A (1971-), B, TAHL, T8F, AESHE
GaA ) B SHes @A T4; E-mail: Ligang@
zjut.edu.cn

MER 972, F, Hid, AES S ARG DR

CREEY REEANE LY < AEBMPF LA
R H BHABRS L RWITH


http://www.cqvip.com

