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B, RERARSB T HAFSNEARIRE, MABIRENER. BR, HErE
R RS SBORAN B M TR W O R BUMY A %, BA%. RERFAMEEEOR
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EN1 —fFTEO
® () B XAERASFE R BB ERE S, S F— 0T (,7) 89 N +1)x (2N +
1) MR E O, WA TFHEOE XS

Wi(i,j) ={f(i+n,j): -N<n<N}
Wa(i,j) = {f(i,j +n): —-N<n< N}
Ws(i,7) = {f(i+n,j+n): —-N<n<N}
Wa(i,j) ={f@i+n,j—n): —-N<n<N}

FEOLFURAENER, HEENTHOHIUEREY AT MLM i, 3%
I8 LT X TR0,

EX 2 BEERHPEREAS (MLM-)

BRETTFHONHFEN

Zk("’)]) Zmed[Wk(laj)]) k= 1,2,3a4
med(-] FRPERENE, FEXEFENBRKESE/MIA A

Yimax(4,§) = X, Zp(4,§),  Ymin(i,4) = R Zi(4,4)

2, B LR {E R A8 K 2 O

YMLm- (i, ) = med[Ymax (i, 5), Yimin (i ), £ (3, 5)) (1)
EX 3 WEEHRPERERE (MLM+)
N Wit (i, 5) = Wi (5, 5) UWa(i,5), Wy (3,5) = Wa(i, 5) U Wa(i, )
R ZF(4,7) = med[W;F(4,5)), k=12
el
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YMLM-}-(Z"]) med[ max(z .7)’ mm(2 .7) f(l ])] (2)
kR, BT b MREREFEER, B, XESRBESOREHENT

Ymume (8, 5) = med(Z}F (3, 5), Z5 (i, 3), £(0, )] 3)

3T H I fE BN E 8y 8 E N £ KOPEIRK (AMLM)

FEERAGHRANERR S Z—. S0k [4) FRE TRRHET A& EE SN ERE
B, AUNE X R, RRIEH A AT EE BB, FFR Ay RIS R E R
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3.1 HEME BRIE
BEMATIR B RARIRA (1,7) , HBA R={(m,n)| |m—i| < L.n—=ji <L}, L BEPHK
KEH—F, [y Bt OEBAER 0 B —KEEH BB R o1 M sen , WTTH
HERRE R MEE M,; BWEH
Mi; = dgnax — Ao nin (4)

Heb dyax = maxpe<acisoe (dg), dgin = minge<gcisne(do). do = [[o,, = Jou. |-

Feon = (i jyesm Fidr foar = Liiyesa, vids vij BRRR A (1)) BIKEE.

WS L AT FFER PO AR, B TR EHF M, Bk L Wl
W dy BUSIRAME, WY EE FREPUEIr R, J BASHR/ME, Bt M;; iERX W
RYFMBETHER, Fit [y WA2T7M, d EAFLEIRIE, Bk M;; f{EE/ TR
FERW, BTWRARHEON, REATMYE, BRI [ 20w, J fHER R,
My BERDN. XREFEEHR P 5By R BB, JE S UM M A Y O R MR B
Bl 1{a) BREINT 43%2 N(0,20) AR Lena [€, ¥ 1(b) R2HITmE S M EK.
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s N’“&ﬁt"? SRl e AN

M1l FRAFEBAERKEFTE

3.2 HiZFLRIK

BATHRERNE, BRI RERMBLEX. TREUEMNTWEZE
o, S KETR, RITEN, FHRMITEERRESFEMTUERESY4/H, M
N8 X 77 I8 R B4 A U AR B A X AN A, BT LA i 2 KM 7 B R 894 S5 S5 7 v i
iELE R 30 By, B 1(c) BE 1(b) FARTAERRENETE. XTEIRLE ST

SEHRNBEFMH.
BREHEE WIS EMITEZS 5N Moo M;; BUFSMITRMEEME, 0B &M
W4T

(1) F My > p+30, METAMLTFHEX, HH MLM- B35 P,

(2)F My < pu+30, YRTEMTFTHRE, EILH MLM— 38585 D15 B BT A9 78 .

(3) +F MLM— pBiR3ki%, BERERGE, ke o R-HA, 28K X MLM+
WA, BERERE, BEHORSRK, R/, B, RIOFETZR PRI, MEZNR
FHIRR, BT MEHE ¢ 7% o K, B IR DURIE X P ANME B9 AT I /)N g 18 I8
&0 R RD.

4 VB AT R B

BT MW LT R A18 Fr EdbiT1E B i b X, B b, AR B scig a0 Ir K xR E
IEHAF MF |, B LR PEEES MLM -, I E LR B EEERS MLM+ MR SCIE R EF
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Bl fE BB B B 2% EMR A AMLM #4177 WX, K447 R BRI 77i% 2 (RMSE)
AT P 434 iR % (RMAE) 6 4iRgraodndE 23], BIh0 2 L4 51K

N-1M-1 N-1M-1
RMSE = (Z Z[f(i,j)—f'(i,m?) / (Z Z[f(i,j)]z) (5)

i=0 j=0 =0 7=0
N-1M-1 N—-1M-1

RMAE = (}: > If(i,j)—f’(i,j)l) / (Z > lf(i,j)l> (6)
i=0 j=0 =0 j=0

HP f,9), F13,7) 305, SMHER, N x M RZEGER/D.
4.1 RIPEHERES T
HOBEEATRERATREE.
fr) = {Acos(27r/\r2/R), r< R/2 ;
"~ | Acos[27A(R/2 — (r — R)?/R)], R/2<r <3R/2 @)

SCRR [3] A1 (5] BFRAITR T IR E R A ST LHEEOTE, EXE, R11%F R = 160,
A=0.30, A =127, BEHRRYK/INH 256%256 , IKEESSRN 256 . FHA1H (5) XA (6) RE X
A9 RMSE #1 RMAE SRR MK E § 23 SRR A B E AT R, R 1AM T LR LS
#%#9 RMSE fit RMAE

MFE 1 R UFEN, AMLM g4 HRPEENE MF &F; ZEXBHERT (N >2), |
MLM+ g9¥ERBtEF; 1 MLM— AL, 4 N <3 5, AMLM 89405 RP 880t MLM - E22,
H4 N > 38, AMLM ¢ RPEENH MLM— B, RSN, 4 N 8/ 8, AMLM #
¥ RIEENNHT MLM - f1 MLM+ Zfa]; 2 N Beked, AMLM 48R4 885 b MLM -~
1 MLM+ #E4F.

%1 FEAEEED

N RMSE RMAE

MF MLM- MLM+ AMLM MF MLM-— MLM+ AMLM
1 0.1148 0.0008 0.0147 - 0.1979 0.0058 0.0539
2 0.6791 0.0077 0.0971 0.6605 0.0281 0.2032
3 0.9237 0.0348 0.1796 0.0317 0.8580 0.0773 0.3121 0.0710
4 0.9214 0.0739 0.2621 0.8892 0.1310 0.3935
5 0.9311 0.1236 0.3370 0.9163 0.1952 0.4599
4.2 BWRMERESIT

A%+ Lena E4rBUE M N N(0,20) AYREHER DA K HHBLBER N 30% @9fkrhmers, 1k
o e b 45 o (B 8 U 8% T R T 4 AR A AR B S 4 A R A A MR MR RE RO LR R, R 2 BIRRES
KA H B ETRA T ER LR 2859 RAME # RASE |, # 3 BRI Sk @At EiR L
TR A5y RAME #1 RASE . & 2 A1 3 43314 H T R PR A T 1 E I8 1800 BB
e

WE2TUEN, SRFEREIEHREN, ieR RMSE M irMEE R RMAE WM 4R
#, AMLM g8tttk MF, MLM-, MLM+ #(#F. W% 3 ATLUEH, LR BIRNK
shRFEES, 7€ RMSE WHMRMET, AMLM gyfmRtEsE MLM— &, K¥oEL T H MF
s R gEt iy, (BRZES> N > 28, AMLM gy gpkaEtk MLM+ 22 —85; £ RMAE
MARMET, AMLM gyagngdesBtt MLM— f0 MF #84F, f1 MLM+ #k, RETE N =3 i,
AMLM #uMptERE b MLM— Bg 2, HAREH MLM+ . SR, MR SR RS HRE
B, AMLM #9338 Bt RER T MF f1 MLM— , 1 MLM+ #yRRRPERE B ST AT AE 25 24 MR A 36
ofpk b AR, AMLM Au8gtERetR T MF #1 MLM— , & MLM+ 895 FHREZE, BELR
ERFER—AKF L, B2 ME 3 B EWITFPERIET X — .
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®2 BEABNENNMEEER

N RMSE RMAE

MF MLM- MLM+ AMLM NMF MLN - MEM+ AMLM
1 0.0122 0.0223 0.0125 0.0859 0.1363 0.0984
2 0.0121 0.0167 0.0106 0.0838 0.1175 0.0863
3 0.0166 0.0145 0.0110 0.0103 0.0898 0.1078 0.0842 0.0828
4 0.0222 0.0137 0.0123 0.1020 0.1028 0.0866
5 0.0279 0.0135 0.0141 0.1148 0.1002 0.0905
6 0.0341 0.0136 0.0161 0.1278 0.0992 0.0954

® 3 BREABGETNIERER

N RMSE RAAE

MF MLM-— MLM+ AMLM MF MLMN—- MLM+ AMLNM
1 0.0288 0.3453 0.1035 0.0685 0.2911 0.1111
2 0.0136 0.1838 0.0316 0.0671 0.1752 0.0624
3 0.0181 0.1005 0.0181 0.0190 0.0798 0.1147 0.0576 0.0608
4 0.0233 0.0622 0.0169 0.0918 0.0893 0.0617
5 0.0288 0.0460 0.0180 0.1035 0.0803 0.0673
6 0.0346 0.0483 0.0201 0.1152 0.0875 0.0730

(dy N=5 f MLM-jgi% 45

(b) IEI0T N(O,20) = g 75

® (e) N=3 f) MLM+JE 55 &

(c) N=2 ] MF JEig 45 5

(f) AMLM BB &R

Bl 2 MR ST 5 R 7 A A 8 IR R AE LU 52
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(d) N=5 §) MLM-JE % 44 (e) N=3 #9 MLM+iE ik &5 (f) AMLM gk 45 R

M3 MR 2EEY g hkorh e A I 9 B MR VR RE L FX
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RTEIE SRR TR A AR 7RG RUPT R, HE R A T fR Ik BB L AR AY (L8 I AR L
TUF- teEp R R R AR R A E A ATURIRIERE, T N > 3 HY, HEFFMETRIPEES: W
AL A IR 2% A S SR 40 1 (RAPE RE T E SR MR B L2 A AR, 030 B, W AR AY
E &, msCGREEMR, WLRAREERE GBS SR M B E B IS 45, SCBL B A MR L.
da ff -3 S [7) 26 24 A V4 T 3o BB A6 B 4% 2000 BE LA e 52 38 LGB Y 23 # S 77 TR 2 15 4 L PRRY B
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ADAPTIVE MULTILEVEL MEDIAN FILTER BASED ON
DIRECTION INFORMATION MEASURE

Yang Haijun Liang Dequn* Jiang Xuefeng

(Inst. of Image Processing and Recognition, Xi’an Jicotong University, Xi’an 710049, China)
*(College of Information Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract This paper presents a new adaptive multilevel median filter based on direction
information measure to solve the contradiction between noise attenuation and image details-
preserving (edge-preserving). Direction is one of nature distinctions between noise and edge,
and an adaptive algorithm based on direction information measure is constructed to decide the
format and size of median filter without any knowledge of image and noise. A comparison of
median filter, single direction multilevel filter, bidirection multilevel filter and the method in
this paper has been done. The result indicates that the method has better effectiveness.

Key words Noise reducing of image, Information measure, Median filter
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