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A Nonlinear Filter in Complex Noise Environment.

Kyung Hyo Lee

Department of Control and Instrumentation Engineering
Graduate School of

Pukyong National University

Abstract

With the development of the information technology. in recent years,
the innovation of multimedia information technology also has been
accelerated. Former times information technology generally has only
depended on text or sound, while nowadays information 1is @ being
moved through ‘a variety of 1mage media. Cell phone, TV and
computer have been major ~elements of modern society as< mediators
using image signal. Therefore, .image ;signal -processingalso has been
treated importantly and done actively. The processing has been
developed in many fields of digital image processing technologies as
image data compression, recognition, restoration, etc. Noises are
inevitably generated by using the signals during the processing, and
typical types of the noise are impulse(salt & pepper) and

AWGN(addiction white gaussian noise). To reduce the noise, various

,ii,



environment, SM(standard median) filter is simple and it shows a
kinds of filters have been developed, and according to each noise, it is
being used different filter each.

The image filter used digital image process basically has a
two—dimensional structure. There are two methods of the filter's
creation — One is reiterating one dimension, and the other is using an
indivisible two—dimension image filter. The space domain method using
mask is the latter one. That is inserting the wvalue-multiplied pixels
values faced each other when the two-dimension filter overlapped on
input image- to the filter value’s-center position—-and the same position
in the image. The image filter is being used widely. along with
one-dimension filter, according each noise. Most people are using
various filters to remove the impulse noise.

The mean filter is typical linear filter and blurring filter. The blurring is
a effective filter to removal of Gaussian noise but ineffective filter to removal
of impulse Noise. Because the min-max filter uses removal of peak walue, it
have good result to removal.of impulse — ise but many .errors. The median
filter is not only conservation of edge but also remoeval of imptlse noise. But
it is ineffective to removal of Gausstan noise.

So, the noise is not generated by one signal but by a complex. In
this paper, I suggested an image filter to remove the complex noise,

and compared with existing filters'methods for verification.
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(a) Original image

(c Impulse noise .40%

Fig. 4. Test images.
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3.2 Mean ¥

Pt BEls AYREE GehlE EA BEEA, AT Sagd o

sl WHEL ATOR AN FEL AADTHL ol WA® WHE o

As) Ao zho] AEHE FAE 2L Y
M
Oz, y) = MxMEI(xﬂ,erj), Me W, M=2N+1 (12)

¥

A (3 s Akl 4 (12)¢F Z°] uEtd Aol Ho W= vt
235 YUy, A715 @N+1) < 2NE1)E A o H ).

130 105 | 80| — |130]105| 80 | 115|255] 96 | 110 | 105 | 100
i
115 | 255 | 96 l
Calculate Mean Value
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Noisy (130+105+80+115+255+96+110+105+100)/9
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Original Output

Fig. 7. Mean filter.
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3.3 Min-max 2§

Min-max ZE =

At BEoIY ARt &bl A (5), (B)olA Hole] Mi

5

AR AANS, Maxe 4% AANES 4

2 (13)9] a,b7F vls=g S H5o] wakR Gkl AdE AT, &
3 oS AASA XA dr

O(z,y) = Maz{Ixz—=1i;y—j)| — N < i,j < N} NV % (6)

Pj, for Z7=a
plz)=1P, for z=b (13)
0, otherwise

F 72k Piotr S. Windygai= Min-max <34kl 7]4k3k

o
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YT BHe %
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Al oA BE el vad AdE e YERR LT

T

Min{I(z+i,y+j)},
if I(z,y)> Maz {I(x+i,y+7)}

Oz, y) =4 Maz{I(x+i,y+j)}, (14)

if I(z,y)< Min{I(x+i,y+75)}

Ix+i,y+i), otherwise
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peak-and-valley ZE+= —N<i<N,—-N<j<N W99 9=% W9
o] -3 ag AMgEH, wolzol & Asire] FAEARE AT A
A3} wol= AARAYEL FA s o).

193l Peak-and-valley ZE ¢l Min-max $4te] 7]uksk = o2

Ru)

ol BBl B2 wol= Ak AARES] EAE HA WHA7

chrd Felo) woek BE Sel vel GaelZol Huakn wWe AusE
2 vrehaie)
130 | 105 | 80 - — 130 100 | — | 100 130
115 | 255 | 96 Min or Max 115 96 96 115
Distinction
110 | 105 | 100 110 80 80 110
i 105 105 105 105
Noisy Nonnoise
Min Max Max Min
130 | 105 | 80
130 | 105 | 80 l
115 ] 107 | 96
(105+105)/2
1151 105 | 96
110 | 105 | 100 |
110 | 105 | 100
Original Output

Fig. 8. Min—max filter.
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m’ (center), odd

= a7
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2 9

Noise Detection
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Yes
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Nofiltering
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Median Value

Median Values/2
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Mask Center Value
— Filtering Img.

Fig. 11. Algorithm of ASM filter.
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(b) In the case when the number of noise pixels is even

Fig. 12. Demonstrating an example of ASM filter.

,21,




Nn
B

Figils

o7

o

A47% A

3 A
= =

]

H| 2

(PA. proposed algorithm)-<

el

o)
=

A okl

Al ket T,

265

o @A R 8 FolH ).

o
1=

r}

T
% i

2 P5x5

]

pF 5x5mk~=1 W] =

= 1

=0

o,

- R
~ ::...\.. u ,ﬂ/ﬂ,/ﬂ/, m

Fig. 13. Proposed algorithm.

7

=
=

A% p7t py BT 39 o] At 3x39] Min-max

1O o
=

step 2.

,22,



A ugte aaE At
e FEE
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QL= max{Ml}, max
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cpfnzmin{Mi}, min

step 3. 29 FHAAMp7E AU A ®WAE A=A
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(b) Noise image (Impulse 50%, 0=10)

Fig. 14. Test image (peppers 512x512).
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(b) Min—-max (c) Standard median

(e) Adaptive switching median (f) Proposed algorithm

Fig. 15. Filtering image (peppers 512x512).
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(b) Min-max (c) Standard median

(e) Adaptive switching median (f) Proposed algorithm

Fig. 16. Filtering image (peppers 512x512).
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(b) Noise image (Impulse 50%, 0=20%)

Fig. 17. Test image (lena 512x512).
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(b) Min-max

(e) Adaptive switching median (f) Proposed algorithm

Fig. 18. Filtering image (lena 512x512).
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(b) Min-max (c) Standard median

(e) Adaptive switching median (f) Proposed algorithm

Fig. 19. Filtering image (lena 512x512).
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Fig. 20. PSNR with variation of impulse noise.

Table 1. PSNR with variation of impulse.

-, peppers512x512 - AWGN (0=10)
Mean Min-max SM ASM PA
10% 22:32 22.45 2512 195 23.69
20% 20.28 22.09 24.4 19.56 23.18
30% 18.61 21.67 23.64 19.61 22.75
40% 17.28 20.91 22.46 19.55 22.32
50% 16.1 19.84 21.49 19.42 21.89
60% 14.99 18.11 19.98 19.34 21.43
70% 14 15.76 16.67 19.17 20.98
80% 12.16 12.78 12.17 18.48 204
90% 12.37 9.89 8.1 17.35 18.66
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Fig. 21. PSNR with variation of impulse noise.

Table 2. PSNR with variation of impulse.

N2 Lenas512x512  AWGN (0=20)
Mean Min-max SM ASM PA
10% 2%, ) 22.45 25.12 19.5 23.69
20% 20.28 22.09 244 19.56 23.18
30% 18.61 21.67 23.64 19.61 22.75
40% 17.28 20.91 22.46 19.55 22.32
50% 16.1 19.84 21.49 19.42 21.89
60% 14.99 18.11 19.98 19.34 21.43
70% 14 15.76 16.67 19.17 20.98
80% 12.16 12.78 12.17 18.48 20.4
90% 12.37 9.89 8.1 17.35 18.66

,33,



=
L

A6 4

ok 1

/e

=
=

il

bol 71e] Wy} uaskglct,

S

AL

=
=

1 AlEH oA A, PSNR

peppersb12x5122} lenab12x512%

FHHE GG A3 A e

E S A
—“T}\Cq)E

771 A =21 PSNR

= YEHH AT

T
d 51

S X
T

o

e
(-

—_
0

HH
)
U

o)
ojn

e

A A g ele As

(e} =]
T8 ©

of &l

A},

,34,



A 2

[1] Hough, P.V.C. "Method and Means for Recognizing Complex
Patterns.” U.S. Patent. 3,069,654. 1962.

[2] A. Restrepo and A. C. Bovik, "adaptive trimmed mean filters for
image restoration”, IEEE Trans. Signal Process., vol. 36, pp.
1326-1337, Aug. 1988.

[3] M. Werman and S. Peleg, "Min-max eperators in texture analysis”,
IEEE Trans. PAMI, vol. 7, pp. 730-733, Nov. 1985.

[4] Y.Xu and E. M. Lai, "Restoration of images contaminated by mixed
Gaussian ' and impulses noise using a ‘recursive '‘minimum-maximum
method”] IEE | Proci, Vis. Image’ Signal Process., vol. 145, pp.
264-270, 1998.

[5] P. S. Windyga, "Fast impulsive noise removal’, IEEE Trans. Image
Processing, vol. 10, pp. 173-179, Jan. 2001.

[6] Xin Wang, "Generalized Multistage Median Filter”, IEEE Trans.
Image Processing, vol.~1, pp. 1834-1838, 1992.

[7] L. Yin, R. Yang, M. Gabbouj and Y. Neuvo, "Weighted median
filters: a tutorial”, IEEE Trans. Circuits Syst.,, vol. 43, pp. 157-192,
1996.

[8] S. J. Ko and Y. H. Lee, "Center weighted median filters and their
application to image enhancement”, IEEE Trans. Circuits Syst., vol.

38, pp. 984-993, Sept. 1991.

[10] H. Hwang and R. A. Haddad, “Adaptive median filters: New

,35,



algorithms and results”, IEEE Trans. Image Process., vol. 4, no. 4,
pp. 499-502, Apr. 1995.

[11] P. Ng and K. Ma, “Switching Median Filter with Boundary
Discriminative noise detection”, IEEE Trans. Image Process., vol. 15,
no. 6, pp. 1506-1516, June 2006.

[12] T. Chen and Hong Ren Wu, "Adaptive Impulse Detection Using
Center-Weighted Median Filters”, IEEE Trans. Signal Processing
Lett., vol. 8, pp. 1-3, 2001.

[13] H. L. Eng and K. K. Ma, “Noise adaptive soft-switching median
filter”, IEEE Trans. Image Process., vol. 10, no. 2, pp. 242-251, Feb.
2001.

[14] A. Restrepo and A. C. Bovik, "Adaptive trimmed mean filters for
image restoration”, IEEE Trans. Signal Process., vol. 36, pp.
1326-1337, Aug. 1988.

2 WE, CBERE BANAL ovA B BE, F

As et i3 =5H, Al 1798 235, pp. 477180, 2008. 12. 05.

(6] ol B, A%, “BHFE BN GFEAL AT AT
A A7, @ AEAY-ALE %3 20087 A% E I =Y. A9
23, pp. 450-453, 2008. 11. 22.

[17] °1Zd &, 747, A4z "5 5 AAE 9 vdddeel ag
A7, S FHEFATS] 2008F A= i3] =wF, vol. 12, Nol,
pp. 455-458, 2008. 11. 1.

[18] 01 F, AT, A9E, YEags AAE 93 AR 29% 1y

A DYl we A, e Az A YAl 2 k3] 20088k AI StE T 3] =
%@. A9 A1Z. pp. 30-33, 2008. 6. 28.

,36,



[19] A=<, ol AdE, 193, “F3+E 53 FAd g g a7, &
Ags stem=EubEs] =85 2178 A1, pp. 2152-218, 2008. 6. 14.

% Qus 4E AAE 9% MaY Fe9 )
1

il s
Ads e exs] =23, A178 Als, pp.

g

[21] ol d &, Ad% “Hdd o Aeddd 43 A7, =l FA

HEA83] 2008F A8t 3] =7, vol. 12, No. 1, pp.925-928, 2008.
o. 31

[22] ] , AT AR YdEA Fe AAS A wdd ZE e )
Aol w3t AP, I Y P E A 3] 2008EA =] =wF, vol

[23] olF &, ¥idH, A¥s, “ANEL _FhTE &3 FIR HAE ZH
] 3T 2z

=4
e SewsaEEs =g Adled A2z

[24] o1&, WAy, Asks ‘25 A He oJg R FIR OAY By
o A e g A Shmal FAREEAITS] 20075 Al gt et 3] =
=4, 1

[25] Bo Jin, Kyung-Hyo Lee., Nam-Ho Kim, "A Study on an Image
Restoration Algorithm using Weighted Parameters”, 3=+ 213 2] 2] - A]
2"8s] FAEYs] =83, A8, A1=%, pp. 42-45, 367-370, 2007.
6.23.

[26] Bo Jin, Kyung-Hyo Lee., Nam-Ho Kim, "A Study on Universal
Noises Removal Algorithm using Weighted Parameters”, &= % 4135}3]
AT A HE A 2T R AGAY EATESE
= daEs =i, A6, Al pp. 21-24, 2007. 6. 2.

,37,



5 oo
ol < 9 ¥ ps
N > ¥ do <
i E ) -
X o) I 1H ~ o
—_ H H
N ME X < T X =
0 — -
o % BN om o T B o &
~A A B iy - o m/l ol T
) o K = T oo o o e
o o R o = nu Fo ndl < Mle
T o - 5 o B0 Ny
‘HU HT _fo~| OTv 17_.D ol ‘HA_I UE \Lﬁ :_.L
fong ~ o Q
P as G P =
N o oo %/ = 2}
_E 7D :i J A ,‘Ml@” 1__/| ﬂﬂ L#E \.m_la
" g o] AH El = ) A X
N - R X o = 5 T
o AP .- o K g o
L om B R T
oy o o ° T um o oy wr el
M Tof° & 2 w O T o)
HL = S - — p.t 8o 3 ~
w N Yo . < e f
gﬂ_n_on%ﬂm . =
T oA i 1 m T ]
X O_E — . 0 ,Lm UH” JIL ~ 3
:: =4 ~ 0 N E
woEws s N
= M mot T i gl Y
ﬂl ,UF o# =0 ~H ,rn n iy
o m CHnY o i T N - wj# ToR
- ER P . g o
ﬂ =) Bo ol T S ,UI
e = s
- el % A o
R N wx
N

2

2009

- 38 -



	제1장 서론
	제2장 영상 처리
	2.1 영상의 구성
	2.2 마스크 기반 처리
	2.3 선형 필터와 비선형 필터
	가. 선형 필터
	나. 비선형 필터

	제3장 잡음 제거
	3.1 잡음
	3.2 Mean 필터
	3.3 Min-max 필터
	3.4 메디안 기반 필터
	가. SM(standard median) 필터
	나. HM(hybrid median) 필터
	다. ASM(adaptive switching median) 필터


	제4장 제안한 알고리즘
	제5장 시뮬레이션 및 결과
	제6장 결론
	참고문헌


