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Design of a new adaptive morphological filter based on composite structure elements

QI Zheng, LI Zhi, ZHANG Shoukui, ZHANG Hongying
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In view of the common noise interference in the signal acquisition of power system, an adaptive morphological
filter using composite structure elements is proposed. The adaptive filter combines two or more structure elements as the
composite structure element. The filtering error between the input and output signals is analyzed to determine the integral
size of the composite structure element that can make the filtering effect reach the optimum. Then the parameters of the
two elements of composite structure elements are adjusted according to the filtering error maximum principle for further
optimization. Finally the optimal composite structure element is obtained. Simulation experiment is carried out on the
adaptive filtering of the power signal containing random white noise. The results show that the proposed adaptive filter
can accurately find the optimal structure element in the face of random noise. Compared with the traditional
morphological filter using a single structure element, it has better filtering performance and also has a good application
prospects.
This work is supported by National Natural Science Foundation of China (No. 51277066).

Key words: power signal de-noising; mathematical morphology; adaptive filtering; composite structure element;

random noise

0 3l

W R G 5 5 0T o o I S AR S
S S S0 A3 TS S 100 Hz.
150 Hz W& S AATIE 555, FRitbz oh, HoAd & Ff
WS E TS S, SM M A T, BT
Yol it H Mg iR AL R B, S B A
B RAE DA K gk AR I RN K. Sk, T
TP EE A AN S PR B AL 75 (1 98 5

HEWB: BRAHAAFLAE(51277066)

HF A ARG R R U R TR, A
20 28 90 SEAUAKTHIA 2 NI TR GHUE S 4k
B, R ORGSR AR T R
SVEBLAN AL AT PP s BATIS S
Ry LARLMAMB IR, AEMIETESUER s N
WEREH IS AR A A TR MG T3 AL H
S THT, T A5AA 0 3 AR R AR el A O
YEM, DR TS DER a5 1O PE REAR KRR P _E A 45
(ADT §i057 0y G I RRZL T T e 2 Ve a2
BUEI T SOBA R, A0A T L3 T4+
XN S AT PR IEAT — S SG R (R T =



-122- ® LRGP B R

P AT M O BRI HU A a2, RV [ AL
W I TR R R IR . b, RIIUER I
TEFAZRLT — RO RERE SRS SRRAE R “ oL U2,
FERL PR ARFEAS TN, S5 TC R RUCR K
fth, Db R AL AT R I i e =1, L
SERO AT 5 2B 0 AT RF AL KR H

AL T M R S gt oo m= 3 s
THEAT BAE N MO R S UE A, R TR
A SRR . AL TR G UE PR X
W I PEXE N M DGR AN AL, A2 SIAE TR R B
LI 75 I BE 5 58 BN S R G 3R 1Y) 8 WA LA H
LAy SR g b i LRI BEAL A e 7 o 51, 7 S o0
AN 45 RAESE T H kR A RIS 5 i
BB, BATIRGF IS HITE -

1 HEEESFE

1.1 EEFEKEERESREST
RS ENREAE AT . ik, Ll
hFEREET LA B S TF RIS . WH IS5 N
f(n), X Hh D, ={0,1,2,---, N}, & X g(n) N
gifyreE, wXh D, ={0,1,2,--,P}, HP<N,
£ (n) KT g(n) FIZAKAE o 5t (DA (2).
(f ® g)(n)=max{f(n-x)+g(x)|(n-x)eD,,xeD,}
(1)
(fO2)(n) =max{f(n+x)-g(x)|(n+x)eD,,xeD,}
(2)
JE BRI L S nkas 5, AN R Rl DL K
Ny, RIS SO A . PR AR IS T4 5
A MR RESE T IS, i) A @),
fog=fOgdg (3)
feg=[f®gOg “)
TE PHIE S5 5 T LRI 5 v o e g s
RS . BTF— . P—JFE S gk nr Lhgl
JRIRFEA (A TF— AN P — T s s, ke
gy, G (O6)FR.
[(NHOC((n)=(fgeg)n) )
[(HCO(](n) = (f *geg)(n) ©6)
T3 T — PR P — T S8 B 28 ¥ A (R il Se vt
Wik%, TR PR A R B #2175 I OV BRI A
R IEE A e U R P — ), ()R,
[(Naltmix(g)](n) =[(/YOC(g)+(/ICO)n) /2 (7)
1.2 5T RAYIZEN
B A2 N B R g b R I 45
TCHRIBIRA =M. IESZER RIS, S5kt
TR E IS OUT s R SRR A

PR . S5MC R I EAEORRL, 75 WIHE LA 2L
BT, AR K, MRS EHES.
SERI R IR AE A EE S TR A L, — B
AN BIANBCRYL, A BESRAG R pE R R
SE R TCE LTS TR RS UE B R ) O, 1
AN I A EC BRI . AR
EIN— T E SR AN E S IRERAER . BRI
SRR LR P (R L R A2 R
1.3 REMRMEE
N T RV ISR AR R EP SR, AT D B
2 LU AT Ja A5 5 1784k, I FIA Mgt L - B
JfE T AR, gk iR = W )R

E= Y1)~ £ ®

Rty N W RIRREAG () B /() RS
FEECII PRI o BB IR ZE B AR BT LU I P
R,
VEWE G55 IR LG yo L) FTR.
Yo =10log(p,/ p,) ©))
e p AE ST 2 p, WM 25, {5 LB
Ko UEHHE 5 5 A P B 8RB

2 ESEMRZEREBNEEEKSE

2.1 ESHMITRERAIER

XTI UERCR U, — R LS ITR T
271N i 1 L S (= 16 e 2 4 7S R
G VER T ICIEA LT AU 5 IR
EFRAHIICE, REREBE B NN 75 5 T Fh 45
JUE ARG AU IR BCR , H T SE PR 5
AR B 2%, P (e A SR 3 B A i,
DRI — SR T R AT DR S, RORIFANBEAE
S A H TR HIE MY UGB R T 2 A S
JLEMAGIER, MESEGHGREITIER, T
i AL SRR AR ST AL R 2R

(EPRIVAlS vk s L NN LAt (AP v VA
JRE G ICHEI “OUERIE”, i S e n]
MR BT MR Gou s KENH SR
FUARMT, BRI kb e P e — AR S RO
PEPCRBLS AT IEZ R 5 S, RIIE
52 A 2 R G 38 3 T LUK B (R PE s AL . A
BE,  FENIEBER I “OuEE” RIS IEI A
PR T IEZE M =M AR S R o . “JuRIE”
A Gk o 3 LR R R A af s e 1
I



7 A, &

S S A GG B N RS IR i - 123 -

JCEER ST FEM S, TR RS
SRR, AN LSRR AL
AR [ E ) AR

10

8
6
s
m
E
4
2
0 I 1 I
0 5 10 15 20
KJEL
(a) IEZIEEE e %
10
8
6
=
m
E
4
2
O 1 1 1
0 5 10 15 20
KL
(b) =STELERI G H
20
15
=
@ 10
5
0 n L I
0 5 10 15 20
KL
(c) HasktEk

B BENESEKSR “TRE" PHEHRTE
Fig. 1 Structure elements in the "element library" of adaptive

morphological filter
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Fig. 2 Sinusoidal signal with random white noise

I8 2.3 WAL, HOGAE AIENE
BB H LW E IR, = MIEAE RIS
JCHAENIRICEE. T IEZIEAM = MIB A iR
I3 BENS B ML DR L A5 5 IR AR AIIE R & LI
kg A DAL 2 RN 56 . 101 RS X AT
F R N = PravA) 2 S DR NN N RE 1oy b 1]
3 e

20

A
S

0

0 5 10 15 20
KL
B3 ZARMEZHEHMTERE 11 ABMNESEHATE
Fig. 3 Composite structure element consisting of triangular and

sinusoidal structure elements within the ratio of 1:1
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Table 1 Statistics on the input-output £, and ysyg of the

adaptive filter with using composite structure element
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Fig. 4 Influence of composite structure element size on the
input-output £, of adaptive filter
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Fig. 5 Influence of composite structure element size on the

ysyr of output signal of adaptive filter
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Table 2 Statistics on the maximum value of ygy of the filtered
signal and the corresponding optimal scale with using

sinusoidal and triangular structure elements
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= A4=0.01, L=30 33.2227

f A4=0.05, L=60 34.7340

A A=0.1, L=70 35.7050




- 126 -

® LRGP B R

JEWRE A A=0.1, L=60, &P 155 HIE Ly
35.5405; H— =R ERUR B IE B L
A=0.1, L=70, JEPJE1E T MI{EME LN 35.7050; i fl
M 1 BE N LA IER AR L B S 4ot R
FEA=0.1, L=TORJZ NIER, Hnthfs 5 MEm LN
35.8293, DNULIGAIE T AEAC RS AT REAL 1 A T4
KAEE T, A RE R TR P IER SO T 54
I ZNINEST (APl

B2 #A4=0.1, =70/ %5 &5kt h
SRR =SS5 H ek R A b, e =R
BTt e, WNESZIEE TR R A e 1—a, T
SISt IR L L 4 BB % B, L)
LI BATE 5 R tysne, 5 EHRZ T3,
% 3 IFBEKSEMITTRIEE G LT R AN IR

IRERIEKEESHERR LS
Table 3 Statistics on the input-output £, and ysyz of the
filtered signal with adjusting the amplitude ratio
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