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ABSTRACT

In this paper, we propose a simple non-linear image filter based on the median filter structure. The
proposed algorithm achieves the effective noise-removal for color image with impulse noises, and
reduces the discoloration problem of the traditional filter. The major advantages of the novel method
include: (1) it takes less calculations than the vector filter in the color image process, so the proposed
method is more suitable for using in several low-cost and real-time applications. (2) It can deal with the
tradeoff problem between image smoothing and edge correction caused in the filtering process. The
experimental results show that our method performs better effect than traditional filter and significantly
reduces the damages of image edge in the procedure of removing the impulse noise.
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PEE TR RS [ 3G RMAIE K& » ZTEHIE I TR RGP AT B
(L BATTE I FE (R E RABAAERE T - MAEEE B E R HAT Bt HERE
HMPZGRERHEZRRENE E (] - £R  RERXKKRWEZERERE
BHEM LREE - EEEEEAAmEARE - FIAT - BRI E B E R
W X e HIRAEREERRAL L - SR B E B IR AS T B
REE RHYTE RS iR R EHY - 10 HRTHY RS E - W1 CCD Jr CMOS F% &
AR B ERNEE T B AE R E 1Y (8 1 52 2 IR R T 5 - R
ER B AT 7 FEERII R — B R AAFIISEIE H 2 — » B B 7 =0

A i 57 £y 22 i 35 (Spatial Domain) 148 F 45, (Spectral Domain){y K3H -

— PR ACER » 22 [ S R BT S R 5 (R R R s FER A A o i R A (L B AR o
FREEN S > B a RN (Additive) JEsR T LAYREHE[3] » AMEEIBTEE
SR AR 2 R B =X BT - i R 22 Pl e 2 B B AE R L R e B N R
s BT R - AR M AT R B R E (Pixel) - NI A 5 R R
F2 T EL AR B B - T AR RSB ) e B B R A R — 7 R A R R RN B

PRI LR @ & K SR R BROE R BE A ~ = RO | -

(H 570 2 T 3 R i 2 BOM Y 2 RIB I 3 2 — A BB R E B 28 (Median
Filter) [4] » #f— 20 RPN - B TR EFERFRERREE - T R
TETE IR S o R RS R B (LR B - (B2 B R E IR 28 e i 3
CPOEEE  KFEgELACENHE ERRARORREZESER
(Mulitchannel)[7] B » W RGB =tHFG& - & A2 5 E =0 I A8
BLRRERE » MR T AT E R EE B BE o KR RGB T A A R 2 5 ]
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MOERIB I ANE 1 AT - REm A 3 R H B EE T G R m 2 P EE
H# (Vector Median Filter )[6] < 12 & TE IR HE (152 R IR BE IR 7] LIS BB IEHER (2
FREWAIE 2 Arn)  (HRAFEEMGRCEEN  RILERZBREEZR S
FRETRAI MM AYIE I (15— SR RS R E SN & T B A S T -

Sk s R E w2 B A I R R R R AT REE R L AL o (A - T A =
TR IR ZR AT 22 D BB WY R R R TR0 2 S B =R B T R TIH Be iy EE B (R
AR B TIEHI DI RE  [RIH T 2 SRR H & Ry B Fea e 877 Ak
%8 (Vector Directional Filter ; VDF)[11]8% /5 [ FERkE %% (Directional Distance
Filter ; DDF)[12] - {HEE—@I5LHY - &SI T EHERNEEH R > THEHE
& SRR E FRBOR B 22 [EEC R I > BEORIB R T 22 VR o R R (2 5 -

RS FoffHE M DU B i S SRR R Y 8 B T B A ERERT P
R B2 B IR E I BERE DR G B - BRI R FEENE RGN - 415
SCHYSE R LLE H TR RATE RN AR 8  BRES - B = BRI EB A

eI & SRR ARG R, FIUREER TG R - RIREEW -

Marginal
Filter

—

Channel R

Marginal
Filter > -

Channel G

Marginal

Filter
Channel R -
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Channel R
| Vector
| Filter i
Channel
—
Channel B

&2 FEREREREEEE R RIYIE

=~ XRR[EIBR
BRI AAEE IR RE MRS & T R RS F A E— T e
£
2.1 R/ANRERW A
B/ TR AR AR AFT A BT T BRI E: (Median Filter) » [REZ S ER S
WEREFFILE - BERER/ N AL - ZRT

Y(i, j)= median{ X (i —s, j —1)| (s,t) e W} (1)

Hrep Y BZERESE w WEEEDF B EERNEH -

X )€ Xy S XS X () (2)

BT I AR YR B AE Y RE R B = R R B R E R E s T HE B E AV IR
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E RN BB FEER (Salt and Pepper Noise) @ £ BEZY 22— 8B40 B 2 R AN & s IR
PREVIEILT » R {ERERE A RN EIRUR - MEAR B HEAE DR 1
MEE T HIE 2 (Weighted Median Filters)[8] ~ H1 R fE & th{H JE I %5 (Center

Weighted Median Filters)[9] F17E & {EEF %8 (Adaptive Median Filters)[10] % -
2.2 /N TR A
A, FEFEERS (Vector Median Filter ; VMF)

FIF RGB 1 EERFEAEAN M E - i 22 i B N H A [ E R ECE B

5PEHE (Euclidean Distance) » R4l T ¢

Di:ZN‘,d(Xian) (3)

Hrpb o D GREERER - RRUEZEER/THENGRE Al - BEEH

FE{LLFE £ 55 (Maximum Likelihood Estimate ; MLE) {522 & (& H 45 R -
Dy <DuyS--< Dy <Dy 4)

B. [ME 7 FEHES (Vector Directional Filter ; VDF)

I VMF R ERAETE » A% VDF[11] %R R E R AR ZEE SRRl

a4, = o (x,.x ) &)

Heh o 4 UERBEAE  ArUBER/ N ERGRER A - WA FREL
THIAT
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N
X (1) = arg rxnliEnW ;19(Xi’Xj) (6)

C. kS %+ (Directional Distance Filter ; DDF)
FRECR VMF 1 VDF » DDF[12] [k T 2] A E _ERyERE » WEFZ R 2R
B ERYER - nJDISUR A & LAt R a8 HERR A

Q[.=ZN€(XI.,XJ)XZN:d(X[,Xj) (7)

Hrh » DDF fEfE#E BRI E 2P A 25 EERE (Manhattan distance ; City-Block)

Kit& o RrLBE R/ DT ER B RER A -

Q<Qp < <Q ) <Qy (8)

BB B R SRR B SN AR B e a e EAS SR s B - 12 3(c)
T AT R AR T E R R A e S A LIS AER 7> RGB M2 RAE - (B2 E
TR A ET AR R R AT FE S R TR M R B e B L#A
MR - A EHERE R & RIEE R 2 RZEHEE - B2 EE RGB By
= [ R A R B AR TR R M P & B 18] B R AR B S AR - T A AT [
EREBGETT A A3 [EEAREIE - 27T F(e) 177 A EE AR IR R 4R ()
HEINERERT R BB BERA B U A S - (HRRARE ERYIRS) - Py E
SRR - B EARRIAE 38 e — 8 o ) B s SR SR AR R A 1 LR R i e
HYEREE
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(2) (b)

(c) (d)

(e) ()
3 HBEKESEEE AN EME N R R () RIEFGE 0 (b) I
AEAMUEE (Salt and Pepper)ffEaf » FEFRIL A 5% 0 (o) HHBEIRIK SR ED
TR (BHEE) (d) MEFEERSFEREEEZER BHEEEL) (e) M
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= FrieH B R AR SRRR

3.1 HEmARHE

HMERIE L HEEATIZERESR  KEZ RGB = tH#E5{E
gy > DRI P A0 R AR R P RE 12 e 5 BE — B o (o - B B s B B IR T R R R
L gEAIEEGERF OEWEFSENEE > Frist RGB 2EIBERM S
EHEMEAEE - — > ={8 RGB 1A 1Y%= [E = [[] K AR R B0 [ A B B 5
s s RGBATE |z (A2 e ] Ry A A A R BN R A B R AR 5 =
RGB V[l A (£ — {1 2= FE B 2 A e AR 1Y RGB -1 _E A 22 ) 502 A R -
HifE 4~ B 5 B 6 A F BRI GRS EE K A 8 77 MRS 4 i (R E -
PR > & — R R EZ R 5 Oy B R et R BB R A
EEENER -

Red (1, 0, 0)
A

Bfue (0,0, 1)

X; : Original Pixel

X; : Corrupted in R, G, B channel

Green (0, 1, 0)

& 4 RGB ~F- [ ;Y22 [ B[R] 5 AR AR R B[R] o7 B O RER T AT 1 B R 27
7] fR %
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Red (1, 0, 0)

A

Bfue (0, 0, 1)

X; : Original Pixel
X; : Corrupted in R, G channel

Green (0, 1, 0)

B 5 RGB -1 A5 i fE 42 70 55 ] s 17 A AH R B A [F) o B B RERH AT 428 B HY
[ 277 F R

Red (1, 0, 0)

A

Btue (0, 0, 1)

X; : Original Pixel

X; : Corrupted in R

Green (0, 1, 0)

B 6 RGB -1 b7 {18 22 [ B A A MERT T 2 B 1F) 2.7 Tl fm %
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3.2 HELRAEE

A FE B A R I w A () B R 2R 1= A] R 0 DUE RGB Az B i Y 77 =
TEAGEEGA HELBEORZ  MELEEE LA RS —E0FERR -
IREIFR BRI a5 B B R B IR - HUE RS T & U & R AT B2 - R
FEAE R E VR i AR AR BT T 2 TSR Y » B 2% i 7 i 2 2% R T R A 1 ) B
B - MHEIREE i m 2 EERATE E R E RGB By E - FEA M
FHOR B IR AR AR U » AMER] LIS BB IERERY S & 4518 - Rt A] DI REE &
IR7ZEHIRIRE - B AT DAAS & E A A 8B BB S AOE T i (R 1 B AV HIBNIRSE
EIRE R R ORAR R~ G~ B LR (E A 5 th hE R RETT
st > I HAA s EREARREAMET MANEE EESHRE  DIRE &R
i # Bl » BT BRI ¢

Step 1 : R EZ IR EBRNBIWHE - REES %/ -

W={W; , Wy, Ws , Wy, Ws W5, W;, Wg } )

Her» W 2Rl gERAE & - IR A -

W (Original R, Original G, Original B) »
W, (Median R, Median G, Median B) »
W; (Median R, Original G, Original B)
W, (Original R, Median G, Original B) »
Ws (Original R, Original G, Median B) »
Ws (Median R, Median G, Original B) »
W; (Original R, Median G, Median B) »

Ws (Median R, Original G, Median B) °
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Bt - B2 e TR C B B IR E R R FT S AT RETR I
Step 2 :ETHME (BE) ZMHEVHEBRMEHHAMERK @EEIR/NIHE

)

8 8
=S oww, ) S ww | (10)
j=1

j=1

Rz EL R/ SR ERHAS -

y = Small {al,az,---,a7,a8} (11)
EARM AT BHEER  ENREESEARB EN /A HHRRES M E

IR PRt B ME & (6 I 09 22 B B8 RS T e » i 22 A B K/ N SUAE A B
BOR F RS TR AR B - Frh i/ VI B TR T 3x3 =9 A A EIER - & ZoK
150 A R T TROROIE B RSB - O s s B DA BBy SR PR R B VR BE Al
et ERES 2N 5 7Y -

g~ BEAS RO R
HIRBAL B Z R AT BN R R EA Bl > BERRARERE
(Mean Absolute Error ; MAE) DL #7537 (Mean Squire Error 5 MSE){F %3
HIRSEE - HOERAT ¢
(12)

MAE =

(13)

MSE =
M

i=1

Hf M~ N BEERRT X BFERNEROE ¥ BEEBRIT®R - &
7RI L R e A R R R R B EE B (RE RN R B HYRE ST T ML MAE 2

30



PG G R BB A AT - JIEE LA 1-Lan University Mark 107x 144 bits »
Baboon 200x 200 bits F1 Parrot 200x 200 bits # RGB ¥ a5z (& A HAE - B M
[ RF DA fRe /1N 33 JEEE 2 1) A0 AR E R/)N (0 or 255) FOBEREIE (0~255) HIAR
B FEERAR R B R AR T A B S AR IR I 2 AN F M A R R R 28 Y PR R A R

fEFe 1~ 2 2 M5k 3t FAMTLAREE R/ NG FEsf A TN TIAE]
I-Lan University Mark ~ Baboon }% Parrot FYS (R0 » FEEH LS HI A 10%F1 20% -
T R B0 2 R BB (R ) MAE {5 - 32 4~ 3% 5 f13% 6 RIIDIBB R /N AR &
T » [FI5E2 L I-Lan University Mark ~ Baboon }% Parrot 2 Iz %15 » R
EE3 3 % 10% ~ 20% » BE7R HIZR B0 2 e B 2 1) MAE fH - /e B ER R B
P42 B B AR B R R MAE 3272 B B EER T ERIR T 30%0L F o 2
TH I 2 A FE -

1 IANREREFREE 2 10%020% BY [ E K/NEFZ I-Lan University Mark 52
BAVEEA TR BE AREEEEN MAE E

Impulse Noise 10% 20%

Median filter 2.3479 3.2957
VMF 3.0164 4.7577
BVDF 3.1314 5.4347
DDF 2.5003 3.7493
Proposed filter 1.3734 2.5465

F£2  IANREFEELE A 10% ~ 20% Y EE K/ Baboon $2{5 A R4S
R BUE AR Z A MAE B

Impulse Noise 10% 20%
Median filter 8.7290 9.7494
VMF 9.8657 11.9910
BVDF 10.9868 14.0985
DDF 9.1309 11.4993
Proposed filter 5.3559 7.5738
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#3  INANREFEREL S 10% ~ 20% HIEE R/NERRZ Parrot 25 B HE 45
R BEAEIIBZT MAE H

Impulse Noise 10% 20%

Median filter 3.9384 4.8704
VMF 4.7318 6.5846
BVDF 5.7048 8.2494
DDF 4.1277 5.4447
Proposed filter 1.9560 3.4965

F 4 INANREFEFLE % 10%20% HYPEHE K /NERHZ I-Lan University Mark 5%
GRS R BiE AR MAE

Impulse Noise 10% 20%

Median filter 2.6349 4.0330
VMF 3.0296 4.7102
BVDF 3.2640 5.2355
DDF 2.5661 3.9672
Proposed filter 1.4000 3.0112

#£S5  MAMREFERLE A 10% ~ 20% BIFEHE A/ NEEFRZ Baboon SR AVEEHAS
R B AEMIBZA MAE &

Impulse Noise 10% 20%
Median filter 8.4515 9.1268
VMF 8.9842 10.2292
BVDF 10.0865 11.0727
DDF 8.5007 9.2929
Proposed filter 3.1735 9.1268

F£6 MANREFERIL A 10% - 20% BIFEHE A/ NS Parrot S48 00 B HE 45
R BIEAERHIEZI MAE 8

Impulse Noise 10% 20%

Median filter 4.1571 5.9423
VMF 4.7214 7.3622
BVDF 5.5802 7.6648
DDF 4.2029 5.9569
Proposed filter 1.9943 4.0889
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— (I 3x 3 E 5 # TEEEUE TR BCR » FPTAT LA AR < i

B o I 1 B AR T R L L R A Ol ) B+ TS TR
o AR 50 I AR R BRSO & R L RO B T -

8 IE 9 P I M SRR AR FE RO S S AT B8 s (R [1,2] » 72 Al
BTN A DR 5 URERR G 4G FR R R d e B AR U AE R - B Al IR BRI R 48
3o PR SR B I 2 R e o (5570 VR U5 i A 2 (B FEE Y 9 T A Y B - AT
REFREZENERERN  WE (O PP RIS ST RETB IR - [RIFF D RERE
] B LR F AT A AR AT (R 3R (E < PR A A EEERE 9(d)(f) BB B Y
o BfR 0 Ry T HEECH AR U5 SUBEE EL AR AT 2 R R - FAFILL MSE R B 07 (]
10 A 1DARFNEARE ERIAER - HRIRE X R RICR TS - RIFEK
%5 MF > DDF > VMF > BVDF - FIHH B8 % &0 7 S B ERINFREETT - EhaAd
R R A T E R S A — E FERRLE T SR B e [ B A Y (=R - 1T
HFEEREEINA BRI FERCR BRI P ER R S - A BRA BRI & & R A5
ATV A T B 2 AR PR AR R R I RR
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(2) (b)

(©) (d)

(e) (H
7 ()M AFEHM R A 10% BY I-Lan University Mark 5215 (b) B &K
ARG R (METEERKHENEEA R (d)FET7 SR R
AR ()7 MEERRRE K SREEENE R (OFTR 2 I7 B RS
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(e) ()

8 ()M ATAMEIFEREL % 10% 1Y Baboon 5215 (b)HH (B I &5 1Y R HE 4 5

(c) MIEFEREBIRAVEEIAER (d)FETT IR SRR (e)/7 M
IEEEE R s R B R TR B (DFTFEH 207 kAR B A IR
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(e)
9 (MAFHMUERERL 2 10% B9 Parrot 218 (b) BRI ZRIVEIA R (o)
A B EVE R AR R B AS R (D)FIETT AR R RS R (e)77 FIEERE
BB R R E R I B (DFTTE H 27 ERHT R B
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Monlinear image filtered result

hlean Syar: Error (MSE)
T
\ |

10 12
Moise Ratio (5% ~ 20%)

10 JABAHEEO or 255)FEFREE A 5% 10% 15% LLK 20% K Baboon 5514 »
#ER LI MSE i E 25

Monlinear imz ge filtered result
T T T

—&— MF
e WME
—=- BVDF
400 |- —&— DDF
—— PROPOSED METHOD
350 - —
300 - —
o
fee]
=
= 250
fire]
F 200 =
=
150 —
100 —
50 - —
o L I I L | L L L L
[} E 4 & ] 10 12 14 16 168 20

Moise Ratio (5% ~ 20%)

11 HAFEHEE 0 ~ 255) 5L 2 5% 10%~ 15% LAK 20% FYJ Baboon 5414 -
#ER LI MSE 4 E 25

H -~ A

8 2 1 Al Al H 2R AR BRI S PRI R 2 B 2 (BRIB IR o 7 SR EE ST 2
R IEYIHY « FARIE B A AN B YD RO Fr FR RV E BB AL H R BUOE LRy [ 0
JEAEH AR EUS —E T - ASCE B R ERE R G H - IMAE RAVERN
Dl B O B E R RETT - BERAS R E 7 R MBI & ORI E BE
G RraEt I HEY  BriEREAE RS BRI ROR B AR i s MR
(RREE RN R B BB T AR TAE S SR EOR T ANEFIRE AR

ek P 3 R

i
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