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W OE AXETHEESERO AT - AN - FEH, RASEHATE, WET %
FAEARABBE. ILXWHBAFTFERRME, B0, SHEEIESESERLR, H8
FRESMEN, RTALONHEARPORE, TARFRRRTTRROILASHARE.
T EHUE RIS RUESE T 38 B R A R,

XA HERAY, BARKSE FAERE SHTE ARLE

hEE TN91L.72

1 5 %

EAREBRENBFHSFFEBHRN—LEHRELZHERS, EEGFSLE. BRL
BRAHPHRBTIrEwNA 0, BARESEETASHLARE, MABEEXHEN
FTE (MY TREY) MESHTRR, NARRIMES, MEEBAEMBE®. B, AMIFXH
MEABRESTEERATNEE. ASE, UREMHERASER B, MBEERERET
EARBEBNARZHE.

Maragos 3 T — 27 A FF — b (open-closing) F1B —FF (clos-opening) J¥ ik 58 [5:6] | jx 38
BB FEEMEGESPHIE. AlkehRE;, BERRXHA-MERTE, TRTESILARIE
MR, ETXLRWER, RNEXR [7) PRASEHLE, WET -REBEHTEHTE
ARARER. BREVTUNFHBRPORS, RIFERNIUTESEWIFE, BUERERSTT
REFEN, ENEMERMIEERSTEES, AR R AT T, AT OBESTT -
A -FEE, WET X AEEHTEFITEALARES, IXBERAAFFBRE
H, B XEENFESUHSEENRR, FEFRESMAEN. FEdFEOER, EXTRE
BEENA M.

2 RAWIRGBIAHASRES

RERB—BAN_ERSEENEE (KE) BERHR. ATETHHAE, AFART
HHER TOZEBEZSR. QEEH. Bk BEFNESA, URBEF. ANRBRAE.
EBX1 % fn) ARXEZRBEZE Z® LHEREY, SHWTE BN ZO Fwg
RFE, MWEHERBERRELMT:
f(n) XF B BB ohFIR K 5 5 4
(f © B)(n) = min{f(n + m)/m € B}, (1)
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(f @ B)(n) = min{f(n —m)/m € B}, (2)

f(n) XF B MBS MEEEIHA
(f o B)(n) = [(f © B) ® B](n), (3)
(f o B)(n) = [(f ® B) © B|(n). (4)

B, BAF. WEEATESRE EMNUTRAOTATFRES. BEFTUMNHEHGESPH
W (IE k) W75, WOREZAS AT LUDRIE 5 P RS (Rbkeb) BB, AT REEZBRESTIE.
HFF kRS, EERABAF. ARRBREX. RATER (8] PRE T OBEF AN

AW -JF RS, HEXWMT:
EX2 B f(n) ABAES, Bi. B AWANHMITE, H B C B, W™ BHF -W

(OC) F1iA —FF (CO) ik 88 75 E XL A
OC(f(n)) = (f o By ® B3)(n), (5)
CO(f(n)) = (f ® By 0 B3)(n). (6)

FIEF. MEE0NRE, AN XEAF-AME-FRESEAENTEERR B,
(1) FH R
OC(f(n —m) + 8) = OC(f)(n — m) +5, (7)
CO(f(n - m) +s) = CO(f)(n — m) + s, (8)

XBEmeZ® scR. Z. RAJRSEE. THES.
(2) BWHE F fi(n) < fo(n), W

0C(f1(n)) < OC(fa(n)), (9)
CO(f2(n)) < CO(fa(n))- (10)
(3) X
[OC(f(m)]° = CO(F*(n)), (11)
[CO(f(m))° = OC(F*(m)). (12)
% c RERIEL.
(4) BEH
0C[OC(f(n))] = OC(f(n)), (13)
CO[CO(f(n))] = CO(f(n)). (14)

3 IXEEMTEHTEEHAREKS

3.1 EXTER
BF-UBARN -AME -FRES, RITRHLEHTE, WET -XHTEAESRE
W, SRR AT XESF -MBEAREEMA -FE/DIBHES.
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EX3 W/ f(n) A—BHEEFESR, {Bi1,Biz, -, Bin} il {Ba1,Ba, -, Ban} AEA
FEWMTESE, B B C Byu,i€(1,2,---,N), NI XEAF-ARARBEEZME -FE/3E

W& HEXA

Yoc(f(n)) = ie(gﬁfm(f o By e By;)(n), (15)
Yco(f(n)) = ie(ll,lz},i-n--,N)(f e By; o By;)(n). (16)

XS -ABRKBESNA -FRPBESAERAFNTEESR:
(1) FBAEZH

Yoc(f(n—m)+s) =¥oc(f)(n—m)+s, (17)
Yco(f(n—m)+s) =¥co(f)(n—m)+s. (18)

(2) ¥ F fi(n) < fa(n), W

Yoc(fi(n) < Yoclf2(n)), (19)
Yco(fi(n)) < ¥col(fa(n)). (20)

(3) Xt 1B
[Toc(f(n)]° = Tco(fi(n)), (21)
[(Tco(f(n))]° = Yoo(fe(n)). (22)

(4) BEH
Yoc(¥oc(f(n))) = ¥oc(f(n)), (23)
Yco(¥co(f(n) = Yool(f(n)). (24)

bR JBRAE B R B %

3.2 MERmgEN
RERHBERES f(n) BE M+1AEEE, 0,1, M, EFEREEFI<a< M

Xt f(n) BUBIME, BRATTHRBAE_MHEESH

[, f(n)2>a
fa(m) = {O, f(n) <a. (25)
fr) TNERAN _ERMERESFERER, B
M :
f(n)= Zfa(n) = max{a : fo(n) = 1}. (26)

a=1

ERE Y WHETH&4:
M
T(f) =D ¥(fa), @7)
a=1 o
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WIFRE S BB . AR Rk, R, P33 BRI 33 B 4 <Y I 0 B i ) (2101
UGBS TT - VB R QR AR AN A - JF B/ DR O A% Sy IR A kI, BD

\IIOC( (Tl)) N) {Zfa oBlz.B2z}
M M
= e N {Z(fa ° Byi)(n) Bzi} = e max { (;(fa oBi;e Bzi)) (")}

M M
=3 (e (oo B Ba}) () = 3 Yool £)(n). (28)
a=1 ’ a=1
=) BR 15
Yoo(f Z Yco(fa)(n (29)

g, PHBMES BT, T XEEMTRFITE ST A RS Tl AN 0 ZER AR
B L MHAATALH,

4 HEMEMER

AT RIEREREEOASNE, ATNBRASROESGESHTLOE. B 1 ARANH
SMEWITR, B 28— 512x512x8bit FIRER, B3 ARAFERER (IE. flkoiw AR
A 10%) . @ 4, 5 5RHIARM—A 3x3 HHREGH TRKELIT - AWM -FFRPLE R,
KHAE-AEHTE, 2MHTIF -HARREBEMA TR, SR0E6, 7. MAXK
Xﬁﬁ%ellﬁlfiﬁﬂi RAB—AME_HLEMTE, FHHT I -HERIBRMS LA -FF
RANIEW, SiRWMES, 9. BULEAUEN, FEKIT -FMEBEMA -JTERESEHTESR
KO TTHEAE, BB AY; FENT -HARREBEMA -FRDBEEAFT TH YT, BRAR
EUEERGE A, AR W7 ST - PSR BRI AT SCH — FF BN A (LA o 3 i) 1 &
fKpug s, T ELECSF MR Ky T B R 9 JUAT S 4.
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me F-mik B 7SR B8 ;S NF-MEX E9 XA -FRA
TR BRI Wi 45 W 5 B
5 HRE

BABRBREERNEN —MHEEEEFESLOHER, B, MBERITEARESEY
REFE, AXETI SOESF - WA -FFEWES, RALSEWLE, WETXF-HEA
R —FF BN PIF IR IR . EATAROUAT LLA S 30 B S b p MR 7, T L0 0 b A R 5 L,
FIETARFAE. X T FR DR I 8 ST WU B I VE DY, 5&A F A3 VLST SUHLIF AT 5o n kb3,

X

B GHREERITE A SRR BRI,

3.1 WA (1) AR XL GH L EIFTE AR SRR SR E Y, URE 2 Hh
(1), BSE, &E A,

5 3.1 TR (2) MHEDT B 2 R (2) 8

(fio Bri® By;)(n) < (f0 B0 By), i=1,2,---,N;

y
max (fioBiie By)(n) < max (fyo B e By)(n),
Al
Yoc(fi(n)) < Yoc(fa(n)).
[7] 2 7] JiE

Yoo(f1(n)) < ¥eo(f2(n)).

5 3.1 WA (3) L H

Woclfm)f = | max (foBus Bm-(m} )

i€(1,2,---,N)
= Bi _Bz €= Bic [
seB5 (] © Bre e Ba)I" = e U © Bro)o Bad(m)
- © e By; 0 By|(n) = U (f(n)).

ie(l,né?:?(-,N)[(f ® By; o By;(n) co(fe(n))

=] 28 6] {4F
[Tco(f(n))]® = Toc(f4(n)).
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% 3.1 WM (4) MIEH
S

Yoc[Toc(f(n))] e ) {[ max (foBy;e B2i)] oBy;e Bzi} (n)

ie(lyzy"'vN)

> ie(lrg?f’m{f © By; @ By; 0 By; @ By }(n)

ie(f;?)f,N){f © Bi; @ Byi}(n) = ¥oc(f(n)),

Yoc[¥oc(f(n))]

5 { Leﬁ%’.‘.,m(f °Buis B%’] °Bue Bz"} )

< . . ]
S et { L o e 5] B} o

{ie(l%?:)-(-,N) foBy;eBye Bzi)} (m)

= (3 o © Bui s Bai)(m) = Yoo f(n)

< max
i€(1,2,-~~,N)

Fii LA
Yoc(Yoc(f(n)) = Yoc(f(n)).

[5) B8 w] {IF
Yoo(¥colf(n)) = ¥col(f(n)).
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GENERALIZED PARALLEL COMPLEX MORPHOLOGICAL FILTERS
WITH MULTIPLE STRUCTURING ELEMENTS

Zhao Chunhui Sun Shenghe

(Harbin Institute of Technology, Harbin 150001)

Abstract Based on the generalized open-closing and close-opening operations in mathematical
morphology, a class of generalized parallel complex morphological filters is constructed by using
multiple structuring elements in this paper. These filters possess some important properties such as
translation invariance, increasing, duality and idempotence and obey the threshold superposition
rule. They can not only effeciently suppress noise in images but also preserve the geometrical
features of images. The results of computer simulation show that the new filtering method is quite
effective.

Key words Mathematical morphology, Morphological filters, Nonlinear filtering, Structuring
element, Image processing
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