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A4 =Y WHEol vlste] Zolx]A 2 Aeolrt.
= 0=1,2,...,n5 Eito] TUA
052 7°9] RE2H(population variance) o]z}
S MY 64 eolae AL 3 WA 2°59) Barel SAHCE FUst
SJulaA Sol, £5 MY A HE 29

;/L]\ = =
ke Zo] Mg theel G7Ha Bt 49T 4 dlrk
Ho:ol=03=---=0> w.s. Hi:not Hy.

gist AAuH o2 = Kim3} Lee (2005)7F Al ksl 9 H 3} Lee 5 (2008) 0] A+t vbH-S A}
o, B AFo| = Kim3} Nam (2009) 94 AH&3 A3} o] Lee 5 (2008)0] A¢H 5
I 7kl 7P ol d vbEEl(Bartlett) AAES ARSSLL, HAZAAE AR R T

1] Wo] ao] FHEES BeA 8 Afl 2 ogfahg— i Aoz @A o aelt 9n
Hom QAR Rl AL GA] ZHE FLEL ATHES ML AP FLL AFHEE o
PHe A Aol Bgstttn & 4 gtk whEY 439 AABAY G e ol BojHnt

J7|M 22 709 Yas {78, 74, ... vaz}-ﬂ FEIL L

BAE G > x*(on —1)old Bgate] B
ARFETL 0 — 19 FHlAlF RE A9 a-2 A5 alulf&v}.

2.3. Qaloll E8iEl DiHel HE

Lee 5 (2008)2 wFES 240l 2AB (i, )8R Fo] FHA N x N 8% MY 9t 5149 3

291 Mg el AEQ 5(i,1)E e} 2o Al

WA F014 ao®h ol WSk} P(G < Co) = ao®h P(G > C1) = @ BE3HE § QAR Co, (12

@t o714 aok FHES ADT FE, ;e LS 4T FE, 32T G HEY A3

AREAFS Ve, A% 6(i,5)9) e the 2ol 2T

L G < Cod A% AL AE, 5 A7 e £48 Aeolekm A2 v, olm 5(i,j) =
0°leka Al gt

2. G > (1 3 97Hae A4
ek el gt

3. Co < G < 1 B AL} o] Aoldetar 2& Wein, ol 6(4, 7)) 2 Gof gholl nj=lst
E56(i,4) = (G = Co)/(Cy — Co)3} o] HA3I] AT}

b, & Aol e % A 2'S W2, oW 6(i,5) = 19]
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FEY v FH%e WL B8 71&ske WY BH| 7&%ke YHoE RS 4 gty F
2] ATollA Bosco 5 (2005)2 Aol B £ WY S /At mEA 24T £ de
PRS- A9l T, Amer®} Dubois (2005)+ 8oz &

5 U4 (homogeneity) S &7 3= High-Pass

OperatorE o]&3to] BFof 7]%3%F 4 WHS AR 2™, Shin 5 (2005)2

23 S Aol ARR3E AAE Ak B AFA Adee Ay B4k 24 s
[e]

A7NA z(i, )€ BFE B4, o(i,j)E FHol B €5 D4, n(i,j)€ BTe) 0013 EFAATL o<

AHEZE B2 & 7FA ¢HGaussian) 3-8 YERATE Kim¥ Nam (2009)2 0§ F43+= 4%

L1 ES At o] S Alant FEo] Hgste] I a8AE ISR, I Uyge o2 2o

L. = Mol diste] 949 sAol tgt A5 §(i,5) 8 wrENARZE ALt Aateth £33 aps}
a9 Fre == 0.001,0.01,0.05 5& ARR-3Ho)

2. 6(4,5) =0 B, 5 &5 Foolgty ddd ESo sy SEEEAA 54, 5) & AL}
: < + (1.5 x IQR) Bt} ZAY Q; —
(1.5 x IQR) Kt} 22 k2 ol er adsty o5 A AZ o714 Q12 Al INRE9F, Q=
Al 3AREH, IQR = Q3 — Q1= AR S ol T
4. AAT s(i,7)7F §= W7HA § DA 32 wkEsit)
5. AAR A k& 5(i,5) 5] A= 09 FAHAZ ARES)

2.4.2. WS £F FH LTS MO B ATNNE A 4B el o] T 25 FAL ¢1

9ES AL 0% At Bejo] Ag3to] 1 EE4S 9FF Kim} Nam (2009)9] A7E 714

3] o A 24 SHAZFS ALHIA Bk ol3ke] WA s(i, ) HA B MY AA 7

¥ 225 B AT A ool B
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Aol zetel T3ol 24t S FSHA 909
Input image i) :
' s(i,] I
;s ' Local Block I
*(h) —— STD Estimation o
' Weighted | 5
| Average :
E Feature and . i
! Noise Detection 8(ij) '
i |

&

o] %7

ool 2k Tiffany Lena
5 5.67 4.93
7 7.56 6.62
10 10.44 9.18
15 15.51 13.10
20 19.87 17.38
25 24.60 21.45
30 29.01 24.55

32 94A "Th B AoA] Aekel= 9T Kimd): Nam (2009)0A] A okst &
8(3,7)9] kel 07 1 AbelQd A9 &, FA <} 5ol 41 U A9l T EFS] BEZEAX 3ol
Al 2] vl vE BEEFAAY 7S RFJAI T Zojth

[N o

B AFolA Aletet Ao B =4 G 45S U] st A4A A HAE ofn|
2 AF ARREHE T 1Y o)nA el ‘Tiffany’ ¢} ‘Lena’d] 3F20] gl QR oln|A o N(0,0%)S w2
= &A5e FH ¥, o9 At FHA 65 vast éﬂ% £ 313 Zth & 3.19 A= 377t
5x 5% xE EF0 o5 dolH, o] BE AFHEY B AFA Adste e SF £ GEHF
o] AgsA o & FA= AZ & 5 Ak

e Lowpass Digtal Filter B89 AJEXE w2+ 71AH Gaussian) 2] 71dizko] 0 o] F
£ AL o183k 1 ABAA FETE PULBA, NEAE |87 BFAE 23N} YA
o | Hoko| A= Digital Filtergta E2]-2th

]

Hel8Ee] Fes Bare By /gA g Rof
e Median Filtering *'H: 919} A& 0|53y HlolE] F95(median) & ©]83to] & aA
7] W22 A Lowpass Digital Filteroll n]&te] 3742 o %] (edge) A&E Adoz & {23}

£ 44 g

. o

e Frequency Domaing ©]83h= W J4S F3k HIE 310 o] AulFoz go] 597} Q)
£ AT AAES BAAA FS BT PHoZA ALtEre] B2 o] gttt

e Temporal Filtering A& o] &§3h= W 5939 A5 g 7l=d E338A WHoz &
Qo] gl EAY A & dolHE EAY dulolg e ¢4 o] gl Aol 7] w 34
o] d3h(blur) glo] M EFHHoZ J3E AAT 4 Utk
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O 3.1. 3x3 &5 0lAl

Wi

AR

O 3.2, FAEA 60 WHE ISR w;

o Sigma Filtering W: &40 ZEAAE AT AR WPHo 24 Ak FQ 313 AR
oA (edge) & F3H(blur)Al71A] ¢kl 45wk EpA o ZAaA7le Aol Atk G/l g 3
2o BEVAES T LW Ho} ARHOE L AL 5 got, 13A 4L A el

wheh e ga Aol Mol AAL F2 AU G4be AsAIE Bel ek,

B AFoAEe ZeAA a7, 239 69 2 o]8et= A2ut FE (sigma filter; o-filter)ol]
AGNEHEE Stry. A|avt Be= 2424 A AAdnit 74X wiE FE o, £ 63 oSS
1‘“4‘% 7180 AREE = Alavr BEE 2 kel thE FeAd 8 glo] |

o
R
Ach
N
i)
0, O
oﬁ ‘E‘

AL 2B AU 2AR, Bi Q22 o Ao] AR BAD] Utk B FEL 3

goHA] ki FHA R Akolu AL Bl o Aste] T2 (simple smoothing) ol A]1u} HE]

£ A&k Aol 7 AE Foke S I8 319 JA X5 & Ve o R Aot vt 2Tk

I 3% 313 20l 3 x 3 B2 ARRYS 0, 2L T4 D4 X9 B e 2749 94
Xi 5 Aole] ol Attt &, |Xs - Xi|,i=1,2,...,98

2. A Aol A9 A e, 28 VAT TSR] wy, i =1,
(a) |X5 — Xz| < Clolt‘ﬂ; w; = 1.
(b) 1 < X5 — Xi| < ool w; = {e2 — | X5 — Xi|}/(ca — c1).
(€) | X5 — Xi| > cz0]™ w; = 0.

2

A}S
R

2,. E t}& Zo] Adir)

g

A7IA A A e, e8] BEE o = 3, 2 = 128 AHE8hE Zo] BEely, v 11 3.2& 99
IS a2 vekd Zlojth
ol X59] FA4gE Xszh 3t 919 AL B3l AE A w7t AL o] thA Y Ak



gl =zete gsel 2t FE s 911

o e kb 2

- Lena Tiffan;
ol 2k Al ok S Aok - S
5 14.39 16.41 14.72 15.40
7 24.04 34.95 24.88 31.49
10 43.24 79.95 45.11 70.60
15 85.21 196.33 94.15 171.52
20 146.85 359.51 158.08 312.96
25 220.46 565.04 239.19 490.30
30 311.30 810.40 348.83 701.30

L 3% 313 2o] 3 x 3 852 /SRS W, 245 F4 4 X9 25 U9 2 B4
XiE Aol Aol B At Z '

2. A4ke Aolo} 24A) ol Qolo) A% ki ke B BE G WS} AFA wi, i = 1,2,...,9%

3 22o] Ak,

o

(a) [X5 = Xi| < ko™ w; = 1.
(b) | X5 — X;| > ko6°]™ w; = 0.
(C) kl& S ‘Xs — X~L| S kgé’o]‘?i w; = {kg(} — |X5 — X1|}/{(k2 — kl)é'}

o 11 332 9 ABE ZZE FHE Aow, A BolllMe AR eR ki = 1.0, k2 =
2.58 A&t

E 3.2¢ @A AHEHE HI2E oA 2l ‘Tiffany’ 9} ‘Lena’e] Aef ojw Aol FHFRE N(0,0%)E w
2 7RI el sl 29 oA ol Higte] & 3.100M FA8% 69 ghe A8 Alv) e}

°]E ARSI b 719 B &Y FAeA7 sHe MSE gre st nlasta gl

& 328 By 09 A7]9k Aaglol 7 EIAE omA|oflA] & ATl A= Rl Aol dAst
Al e e & 5 Ak 2 A7elM Aljbsle e 842 ] AHSE Skl 4R
= 33 FA9g ¢ ok o 28 34% (a) F20l flE €538 ‘Lena’ o|1|A], (b) 0 = 159 3
woll 245 ‘Lena’ o]u]A], (c) & A-olA Akt ol o3 FEA7 23, (d) deddy= AH
Sto] A2k A7 A3t ojulAlE 2 Fiek Zlelnk. 1’ 3.49 ()9} (d)F Hlaste] B, 2
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Abstract
In the field of image processing, the removal noise contamination from the original image is essential.
However, due to various reasons, the occurrence of the noise is practically impossible to prevent completely.
Thus, the reduction of the noise contained in images remains important. In this study, we estimate the
level of noise variance based on the measurement of the relative strength of the noise, and we propose a
noise reduction algorithm that uses a sigma filter. As a result, the proposed statistical noise reduction

methodology provides significantly improved results over the usual sigma filtering regardless of the level of
the noise variance.

Keywords: Bartlett test, image processing, noise, noise reduction, sigma filter.

This research was supported by Basic Science Research Program through the National Research Foundation

of Korea(NRF) funded by the Ministry of Education, Science and Technology (NRF-2010-0022891).

LCorresponding author: Professor, Department of Applied Statistics, Chung-Ang University, Seoul 156-756,
Korea. E-mail: gogatorsQcau.ac.kr



