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ABSTRACT

MF(Morphological filter) is generally composed of several morphological operation, which are
the diverse structuring element. The two basic operation are erosion and dilation. The two other
operation, opening and closing, are defined based on these two operation. Performance of
open-closing(OC) is better exellent than close-opening(CO) to reduce noise of image data with
Gaussian noise,

In this paper, to use the hybrid median filter in processing the image, is shown that hybrid me-
dian filter has better results image quality than other filters, to analyze by computer simulation.
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nlx] Aibate] F57of webA chgaie Ao By
| ol&3 Hule olu A Hel, sy EoHFS &S,
olm=| 19}, #3538} 54 F3%, thinning, £7 3}
A A 4), QAo d4x], AR FE HE
&, 253 A A1z #AF A ol diF5
T %lq(s.‘i.&g).

Morphology 94+& 712223 t)5 A|2go] o
A A g etd ALt EX2x erosion, di-
lation?t 2 2& RE ojulx] A4E R 7IdE
H&3c) £3] JE 2 Fgo] HE ouAdA B
o adygozn A& AAH7 A3t closing-
opening (CO), opening-closing(OC)& A& A A&
A Zeel Ao wat shao) A Yehdo?
m

We)et Weje) 918 A3 E OC, CO9 #H 29
Az e} el olu N2 A Yy E ANFFoNA =T
¢t #g MeEFeoeM ol smoothd 3H3-& THE
o], smoothing 82 A3 A9 T3 Y| & Z3A
&= 7bssht @it2 & 2P (edge) ) BE T
B~ F28 (impulse noise) A Ao|A LFachld,

oebA B =89 A= mathematical morphology
o Yt HEE o] &3 slolB = dret UH
(Hybrid Median Filter)& A3t} ojulx)o] x4t
2 Zes anzlew AASM, CO, OCE F &3
oln xl e} AFE] A BH oL Falo vl FEF
th 230 & vitiqt Ejo] 0|83 E4E T L,
33 o) A& gray scale morphology2] E4& B ojd
g, 43 stolBals wtiel Wele Fz¢
AFE A Ed o)A Aig B4y, 5ol 2EE
W=,

II. Hic| 2l median) BE| Oj&¢¥

1971 Tukeyoll 23 #<te et deide &
M2 (edge)E BFESL wolZ AFH HFHE3H
smoothing 3t g wte & v e ZH 450l
$-=stch,

n7h 9 dolet x(i=1,---,n) 9] dltigt MED(x) &
2} (2-1) 3} o] A ojdrt.

[ X n=2zv+1
MED(%) = | /o(x()+Xw41) n=2v  (2-1)

@, xie 1WA 4 E Al (order statistics)

n=2v+1d ¢ 124 ddet d5e 4 (22)%
#o

vi=MED(Xi-v,..., R ieZ (2-2)
<, Z . 9% 9-(window)

olg 1AE 9x-$(window)E &3 71dA &
=22l dojel S F¥oE FHile TR
T3y,

2a91 viciel HEj o) Hole 4 (2-3) 7 2ok

vi; = MED{Xi+r,j+s : (1,8) € A} (i,j) € Z2 (2-3)
@, set A< 72 Av- 9E 959 ¢

4714 33 witet 989 29 Y, % 74 Wd¢
g8 £9 Y2 A(2-4) % 4(25) Ag 7k

Y3= MED [XZ X4 Xe] (2‘4)
Y7=MED[X1 Xz X3 X4 Xs Xe X7] (2*5)

Il. Gray scale morphology* ™"

3.1. Gray scale dilation®} erosion

x7} euclidean N-space®] Ajtelati s sur-
face7N'd & surface®] umbra® ol &3bd X¢ top
surfacex (N-1)HEAZ X& FI9A42 &5=2 3
g,

X<EN F={xeEN-!|for some y€E, (x,y)eX}
(3-1)

o[, X¢] top surface(top)& T[X]:F—E& HA
8ti tha- 2 o] A9 ")

TIX1(x) =max{y!(xy) € X} (3-2)

Euclidean (N-1) space] £ 32§ Foll 9la)A & 2]
9 gl g4 fo] A fo umbrase surface f9}
surfaceold] R8O 2 AR E Fjolc)
F<SE"! f:F—Eol® f¢] umbray Ulf], Ulf]
SFxEZ ¥A5 3 o3 go] A olgr} 010

Ulfl={(x,y) EF XEly < f(x)} (3-3)
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(1)Gray scale dilation

%+ 349 gray scale dilation& 5 $4=2] umbra
9] dilation®] 2% surface® A oj@c} F, G < EN-!
olx f:F—E, g:G—Eoclgtx 39, goll 9§ fe]
dilation& feg, feg:FeG—EZ Bd3d 19 |
2 g

feg=T[U[fleU(g]] (3-4)
® ®
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28 1. = £9} g2] umbraol 2] § dilation
Fig. 1. Dilation by function f and g of umbra

f(x)7} WEZ &5 £(4), i€ Zo)l 1, GE structu-
ring o), 1349 dilation el 9] 282 2)(3-5)
2 gr}

yi=[feG](i)
=MAX{fi-v, -, i, fitv} (3-5)

(2)Gray scale erosion

Gray scale erosion®l] & o= fcEN1 Gc
EN-loj3, f:F—>E, g:G—Ezg} 314 gol] 23 9
erosion fog, fog:FoG—E2 HAH 1 t}e3}
Fia=

feg=T[U[f]leUl[g]] (3-6)

9] umbra$} g2} umbra) o} erosion®] surface
d& 29 29 2.

f(x)7} &8 < 1(), i € Zol T, GE structu-
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228 2. Umbra 9} goll 2% erosion surface <
Fig. 2. Example of the surface of the erosion of the um-
bra of f by the umbra of g

ring Fold, 13}Y erosion YEl9] ZyL 3
(3-7) 3 gt}

yi=[feG1(i)
=MIN{fi—y,- i, fitv} (3-7)

3.2. Gray scale opening®} closing

f:F-E 283 g:G-E&}lx 38 structuring
element goll ] 9] gray scale openinge Qg2
REdsn

fOg=(feg)eg (3-8)

structuring element gofl 2]3 fo] gray scale
closing< f@g& HHE}

f@g={(feg)eog (3-9)

G(x)7} A%< structuring §42 Fo] Au 2
(3-8), (3-9)& Yol A& 42 opening@} clos-
ing2 ¥4

fo(x) =[ (feG*) oG ] (x) (3-10)
S(x) =[ (faG*)eG ] (x) (3-11)

12141 openingWE 9] 282

vi=fg(i)

=MAX {fi- !, iV o fiy, 0} (3-12)
iV =MIN {fi-y, - i, fitv } (3-13)
7} €t
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yi=fg(i)

=MIN {fi_v(l)’...’fi(l),...,fi_,,v(l)} (3-14)
fi(l)=MAX {fi—-v,"',fi,"',fi+v} (3“15)
7 2},

3.3. Close-opening(C0) 2} Open-closing(0C)

Morphological & 7122 § wjHY HejgH
olgl e WHE 4 (357)d WA HE gray
scale erosion® dilation, 4] (3-10,11)2 Aold A
ol o7+ 3421 opening # closingo] vt

Morphological HEle] Aoz close-opening

(CO) # open-closing (OC) &
y=[ ()¢ ](x) (3-16)
y=[ ()¢ 1(x) (3-17)

f(x)7} MEF 4 ), i€Zolm, GE
structuring A §old, 12149 close-opening YE = 4
A d4ato g o] o)A},

yi=[ (%)) ]

=MAX{fi-®, - £, £iy, O} (3-18)
£,3) = MIN{ fi~v(2), v 52 £y @) (3-19)
£ =MIN{f-,D, ... £V o 4,0} (3-20)
£V = MAX{fi—v, -, fi, oo, fitv ) (3-21)

Morphological el & 3 e 313 (syntatic)o] 1 &
A3HA Q) (statistical) 548 2t ez ot
gy e g% A G =77t w=n+10]9
t]el Wel9) Alf 2(sequence) & MED(f: A)E &
#3hA AlQ 29 opening, closingoll &} B+ o8
7} g},

fc <MED(f: A) < fC (3-22)

IV. slo|E2|= oiC|et EE{2] FX W HFE Al
20|

B =FdMe &2 AARS FA6 o8
Z8 AR 48 HAasle 43, n3tEe o
ulA] M2 § 7] § 8] morpholgical W ¢} Hit|
¢ UEE o] &3l slojB = vriet YEIE 29
33 o] pAsET 29 4& <F 10%9) A

T
f- B "- “l——
| —
S veDrAY > 3
b4

] S

L3 crose

O3 3 slelEg = v PE ] BF cholojay
Fig. 3. Block diagram of Hybrid Median Filter

ol TEE olnHojn FASE A A3t o)
HARE & A7) 9% 4 o2 Gray scale mor-
phology& # &3t JE|&)g A1 1% 5& open-
ing, 19 6& closing®] 275 Yeld olujAjolr},
3} opening 3} closing & A& 082 2¢ st IE
g 7934 UEye 2Ax 19 72 OCUEHE, 1
¥ 82 COEHE H &g o]u|xolt} 2Y 9& o)
Belc o)l Ue & A 43te ey sy
2XE ¥l Ao My 2yt B 1& 44
°] "ejg Ao o 3§ MAE(Mean absolute error)
9} MSE(Mean square error) & ¥ 2§ Ao|t},

B 1. 9els dute] MAESF MSE vl
Table 1. Comparison MAE and MSE of filtering result

g . . Blo]H i =
zs opening | closing| OC CO W eergE

MAE | 1454 | 19.85 | 18.33 | 20.40 10.87

MSE | 710.53 |1211.72}1077.08 | 1214.0 |  470.89

FE1eA Jeld A3} o] gray scale morphology
kel A structuring elementol] wha} ok,
7+-2-x1¢t &gl opening, OCZE 7} closing, CO
dejno 531, Al ddse AAdes 9
ot wEla olul x| AjAl A& FHE 183
A ¥3 OCst CORMA AT dtolRge vt ¥
HE H&3 Ay e gy 2 P e
#}As, B3] @RS R RE ] 2o 7
AEE HAFEH A EH NS T3l ¢ F AUk
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28 4 Y e ol R 12| 7. Open-closing ©] 1] 2]
Fig. 4. Original image Fig. 7. Open-closing of image

ot

12| 8. Close-opening ©]v] 7|

1% 5. Opening ©] 7] %]
Fig. 8. Close-opening of image

Fig. 5. Opening of image

18 9, stelHal= mryqt Y 2 ofnlx)
Fig. 9. Hybrid median filter of image

2] 6. Closing ©10] #]
Fig. 6. Closing of image
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