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A study on the subset averaged median methods
for gaussian noise reduction

Yong-Whan Lee*, Jang-Chun Park™*
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Abstract

Image processing steps consist of image acquisition, pre-processing, region segmentation
and recognition, and the images are easily corrupted by noise during the data transmission,
data capture, and data processing. Impulse noise and gaussian noise are major noises, which
can occur during the process. Many filters such as mean filter, median filter, weighted
median filter, Cheikh filter, and Kyu-cheol Lee filter were proposed as spatial noise reduction
filters so far. Many researches have been focused on the reduction of impulse noise, but
comparatively the research in the reduction of gaussian noise has been neglected. For the
reduction of gaussian noise, subset averaged median filter, using median information and
subset average information of pixels in a window, was proposed. At this time, consider of the
window size as 3*3 pixel. The window is divided to 4 subsets consisted of 4 pixels. First of
all, we calculate the average value of each subset, and then find the median value by
sorting the average values and center pixel’s value. In this paper, a better reduction of
gaussian noise was proved. The proposed algorithms were implemented by ANSI C language
on a Sun Ultra 2 for testing purposes and the effects and results of the filter in the various
levels of noise and images were proposed by comparing the values of PSNR, MSE, and RMSE
with the value of the other existing filtering methods.
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Fig. 1 Steps of image processing.
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Fig. 2 Types of image noise.
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(b) gaussian noise image
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Fig. 3 Lenna image and 20% noise images.
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Fig. 5 Representations of sunset in 3*3
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Fig. 6 Representations of sunset in 3*3
window. ( column case )
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Fig. 7 Representations of sunset in 3*3 window.
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Fig. 8 Lenna image , noise image and result images
filtered by each filter.
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(c) mean EH (d) medianZ= (¢) mean Z& (d) medianZe]
() mean filter (d) median filter (c) mean filter (d) median filter
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(e) kyu-cheol lee filter (f) cheikh filter (e) kyu—cheol lee filter (f) cheikh filter

(g) weighted median ZE| (h) HRMEE (@) weighted median Z& (h) HMoHs
(@) weighted median filter (h) proposed filter (g) weighted median filter (h) proposed filter
08 9. Baboon¥4t ¥ TUSAHA 220 S chsio] 2t % 10. Cameraal & ESI4 220 TS Chslo
EEE X830 MEE Aot gi 2} "elE XEsio] A& Zof o
Fig. 9 Baboon image , noise image and result Fig. 10 Camera image , noise image and result
images filtered by each filter. images filtered by each filter.

AEA AAE EH 7PEel A Hla 9rkE 9
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B, 715 widet 98, 22 33 vd<dges vlag
sttt

gejzte] g AA Ao tigd £4 vn W

o) % Camera 2 (o) ARt EE 2o oo el 7P el EASKAR MSE(Mean
(a) Camera image (b) gaussian noise 20% image Square Error)$t RMSE(Root Mean Square
Error) 2] PSNR(Peak Signal to Noise
Ratio) 2.2 &7 3ttt
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o] AZAAQ A Apol7t glol, AR ditez o
2o F=E Yol Kolxd, ol Yvkzoz
ARgBRE olfre A 7 7E & F ded A
2 AXIZE Hitthe A, 28 HA @A s




130 BB OAR® HEE(19%. 6)

uixlol dadThe Hold.

MSE, RMSE, 22|31 PSNRE thg i} o)
A€ (13).

MSE=

&“&l [Y(i,)—X(i, )2

— 259

MSE 2 2709 374 dloleE ¢l 8o M=
o AelE FHA F olF 25625622 W #tol
o & MSE® #3°] gie 949 943% 2ol A
7He 94l disled BElE AR ¥ U 3T A
olel g kolnd, o] ol i FEE AL & 3lo]
RMSE°|}. =& PSNRE #aol g 513 Ajad
gl

A= MSEQ] 3ol ALrE F 439 Aol7} Ak
£ A 9uisH Ha, o A3Eg A&Eshe BE)
| F& Z3e g8 & 4 Yok a8a PSNRE
a @] EF "eY A%l Foha ¥ £+ o
(14).

]

10%904 30%71x19] vng gEed, e 3
To] M FEjZ) Y5 Aole oS Ada B Fe
AUt Lenna G4l Wizt 7FgAlt 3 10%.
20%. 30% <lMel 2zt "elef A%, Baboon FAol
i3t 7FAISE B 10%, 20%, 30% A9 2t I
Ble] 4% 2 Camera 94 gk 728t #e
10%, 20%, 30%E ¥9 ®1, 2, 3, 4% 2} &+
23 Ak FE7F 71 Aeol EULH

Folg 2e FAol 7K1 e FRY o] F o
29 thio] wE ez A% Ao} 4 %U}J—“
Holth. ol ZF F3Ae] e} o9
Hax EshedA o= At & 4 2111}. 01]11

7b ¥l3A AL Lenna¥dolre 7HEvidet HEls}
ANE HE ooz FL2 AYE AEIIAEL
Camera®d7d 30% F=olre 1 dwe] 238 HAE
gejEr} Holgtt. 283 cheikh REE 10% 3&
dME gz F4ou 20% BEv A "EHY F
YE U3ex] Fitn B 4 g 349 29
Ao w2} zlol= ot tAF ez A FgoMe
7be vidiet ge, o] Hejoln m FeeMdE 7}
T“ﬂ‘l]‘{} gy, H3gH, gt 98 59 ¢ oAl
ot 71E didel e 30% A2 A9 T g4
dra 2 ATl 43 oL & F UUTh
71&9] A7 FEFR ddet "EE 3*3 dx$o
Al 7Y F8 JFoZ v 222 Lenna%iol
e A2 i 2 G 9E e F g g
HE H&sld H3h 10% A=Y A FALMe
deol HTIEAY wlg "ojzov}, 30% o3
I FEAMe Aol A Ustouw AEA AAE
e v el th "ozt HAgHe
ZElY A FPAlel] ol 23 ALA i HolH
i, 5 33 ¥ ddet gelx Aol 33 Ao
A Hojzth, A¥e F 4ol wel 712 "el ¢ A
A AAE g5 E 25 A el E9 £ 2
£ dx=E 9

(E 1) Lenna Y42 10% 71240t TS0l 2t EEjo| Ms.
(table 1) Performance of each filters for 10% gaussian
noise in Lenna image.

filter MSE | BRMSE | PSNR |Rank
mean filter | 268.0634| 16.3726 | 23.8484 | 8
median filter | 243.7586 | 15.6128 | 24.2612| 4
off% e |261.4851| 16.1705 | 23.9863 | 7
cheikh filter | 241.0340| 15.5253 | 24.3100 | 3
Weigh;:?ermedia” 210.4145| 14.5057 | 24.9000 | 2
ﬁfﬂg‘? 260.9615| 16.1543 | 23.9650 | 6
ﬁiﬁ? 249.4073| 15.7926 | 24.1617 | &
HMotel Eel [ 201.1537| 14.1829 | 25.0985 | 1

(H 2) Lenna ¥&le| 20% 719AIRF ZH20iM 2 ZE|2| Als,
(table 2) Performance of each filters for 20% gaussian
noise in Lenna image.
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filter MSE RMSE | PSNR {Rank

mean filter 300.3625 | 17.3307 | 23.3543 3
median filter | 304.3920 | 17.4468 | 23.2965 | 5

OfE WE| | 497.9742 | 22.3163 | 21.1587 | 7
cheikh filter | 526.5630 | 22.9470 | 209163 | 8

weighted | o) 4703 | 17.1601 | 234404 | 2
median filter
HExsociot
for (rowsy | 3087864 | 176723 | 232342 | 6
[=]1=] }

SRS | 501 1377 | 17.3533 | 233432 | 4
filter (col3)

HMotel WE| | 267.1450 | 16.3446 | 23.8633 | 1

(E 3) Lenna FAle| 30% 7 1RAlRH &S0oiM 2t EElel Ms.
. (table 3) Performance of each filters for 30% gaussian
noise in Lenna image.

(& 5) Camera GN2} 20% 712AI2F S0l 2F EEjo| M5
(table 5) Performance of each filters for 20% gaussian
noise in Camera image.

filter MSE RMSE | PSNR [ Rank

mean filter 524.4797 22.9015 20.9335 5
median filter | 515.5954 22,7067 | 21.0077 4

Ol Ze 690.9053 26.2851 19.7366 7
cheikh filter 700.9845 26.4761 19.6737 8

weighted | o5 o434 | 220500 | 21.2623 | 2
median filter

HyX }

= St 528.6551 22.8925 20.8991 [5]
filter (row3)

HY X

N Sieioicich 505.8802 22.4918 21.0903 3
filter (col3)

HokE ] 453.4777 21.2950 21.5625 1

(Z 6) Camera Z42| 30% 712AIRH HSoliM 2t EE{2| M.
(table 6) Performance of each filters for 30% gaussian

filter MSE | RMSE | PSNR | Rank noise in Camera image.
mean filter | 356.6347 | 18.8848 | 22.6086 | 3
median filter | 397.5530 | 19.9387| 22.1369 | & filter MSE | RMSE | PSNR | Rank
Ol Ee| | 687.4457 | 26.2192{ 19.7584 | 7 mean filter | 577.3054 | 24.0272 | 205167 | 2
cheikh filter | 861.5331 | 29.3519 | 18.7781 | 8 median filter | 602.3994 | 24.5438 | 203320 | 5
i 0 =
weighted | 1o ol o0 cae | o1 s | s |ﬁ§%1 876.6476 | 29.6082 | 18.7026 | 7
median filter cheikh filter |1116.3634| 33.4120 | 17.6527 | 8
SExsoCioh -
! 363.2837 | 19.0600 | 22.5283 | 4 weighted
f‘!ter 2{&?3); rodion ey | 610:0269 | 24.6987 | 20.2773 | 6
=] o
22K ol SEEEcio
filter (col3) | 3401347 [ 18.5778 22.7509 | 2 fiter (roway | 599-3810 | 24.4823 | 20.3538 | 4
Mokel e | 326.9329 | 18.0813 | 22.9862 | 1 T F
e & EEEICRY | o0 1196 | 24.0857 | 204956 | 3
filter (col3)
¥ Aord Wee ZHzel Byzuter HE Hieksl Tl | 550.7686 | 23.4685 | 20.7211 1

(row3),(col3) = 13] AL " .

(H 4) Camera 42| 10% 71242t Z80iM 2+ HEle| M.
(table 4) Performance of each filters for 10% gaussian
noise in Camera image.

filter MSE RMSE | PSNR | Rank

mean filter | 489.7071 | 22.1293 | 21.2314| 8
median filter | 455.9642 | 21.3533 | 215415 | 4

oifal e | 4720408 | 21.7265 | 213910| 6
cheikh filter | 424.9187 | 206136 | 21.8477| 3

weighted | o5 o575 | 201588 | 22.0428| 2
median filter
SR goCler
filter (rowd) 478.8961 21.8837 | 21.3284 7
=T of

PEEENCY | 57 4006 | 213802 | 215269 5
filter (col3)

Mol TE| | 387.2635 | 19.6790 | 22.2507| 1

a8 11ddMe e 45 Zd9] &e3ls 9siA
olde] % F4 AFelA Aeol oA vEhgd
7¥e videt dE|, W7 gE, Wt dejele] vlu
< Baboon®79 10%°1M 40%9 7F-AIt 32<
ol 283 278 Jehirt

Jaboon image
== Proposed 2
<
- w L 27
7y
10" '30
Noise %
T2 11. Baboon aloiM HE{e] M=

Fig. 11 Filter performance for Baboon image
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(table 7) Reprocessing of mean and proposed filters

for 30% gaussian noise in Lenna image.

% %

Hol

filter

1st.
proc.

2nd.
proc.

3rd,
proc.

4rd.
proc:

5th.
proc.

mean filter

22.6086

22.4836

median filter

22.1369

22.6578

22.6991

Old Ee

19.7584

19.8890

19.8960

19.8925

cheikh filter

18.7781

18.7891

18.7864

weighted
median filter

21.8828

22.3514

22.4680

22.4842

22.4981

FEEgolcer
Eicol3

22.3598

22.7509

22.6189

SFEEgolciokd
Efrow3

22.2400

22.5283

22,2473

Hieke e

22.4762

22,9862

23.0552

23.0256

(X 8 ) Camera ¥Ate| 40% 719AleH TS0l vig XL
(table 8 ) Reprocessing of mean and proposed filters

for 40% gaussian noise in Camera image.

filter Ist. | 2nd. | 3rd. | 4rd. | bth.
proc. | proc. | proc. | proc. | proc.

mean filter |19.9105| 19,8543
[=1=1 }

SREAC | g 2046| 20,1107 | 20.0105

EElcol3
SEX et

o 119.6502] 19.9604 [ 19,7751

migtel Tl | 19.7359] 20,2589 | 20.3649 | 20.3790| 20,3645

(a) 18 *2| S (b) 23| xf2| H&

(c) 38| xja| F4

O3 12 1Al TS FAl9| dig 2| Zol oA
Fig. 12 Reprocessing result images in
gaussian noise.
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