gk H124
2007 4£ 12 A

T EE R E R R

Journal of Image and Graphics

Vol. 12, No.12
Dec. , 2007

ETHTHEENFRBEXEFEIRE RS
bR B

(PR EEARRISATHEFANEGESABESTRENATREILRE, R 430074)

B E REVTHRBESRE-MEAAFBHENABERESR, TEATHBRE ARG TR GRS, R VMF &
HRSMELAGFE RS, EHEARERA YRR S T MM A 0RO e s it , #45 Laplacian 7,
B —FMHTFRUEGRG T RGRENOEE, FEAERN VMF W - NS B R R HEBE S,
THRGEREY , FHEES AU GEA AP AREMN R EHTEL, T HER RO B S ZEK VMF
M—z W REGEF R R BIEESR

XEE KEPEBRS WOTHERE KehRE BEERK

hEESEKES, TP391.41 SCHRFRIRAL: A XEHE: 1006-8961 (2007 ) 12-2089-07

A Switching Vector Median Filter Based on Quaternion Rotation

JIN Liang-hai, LI De-hua
( State Education Commission Key Laboratory for Image Processing and Intelligent Control, Institute for Pattern Recognition

and Artificial Intelligence, Huazhong University of Science and Technology, Wuhan 430074 )

Abstract Vector median filter( VMF) is a kind of traditional highly effective vector filter which is mainly used to remove
impulsive noise from color images. But it fails to distinguish thin lines and boundaries from impulsive noise, and usually
filter them out. This paper analyzes quaternion rotation theory and its applications to color image processing. Based on this
analysis and by imitating Laplacian operators, a new color impulse detector is presented. Combining this color impulse
detector with the traditional VMF, a new kind of switching vector median filters is proposed. The experimental results show

that, compared with the traditional VMF and some of the representative vector filters and recently developed vector filters,

the proposed approach, not only effectively preserves the fine details, but also provides better filtering performance.
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FEREBEHEE, WERFEEERE, TXHRT].
(8142 A 2 Fhir FE A9 14 {H I8 % 2% ( adaptive nearest
neighbor filter, ANNF) U %1 ( fuzzy vector directional
filter, FDVF) '™, Al 7] if A5 48 o 40 ) A o 1t 25 0 o
dMe R, O[O MR T —FE B REMK 2 IE
I %% (adaptive hybrid directional filter, AHDF) , &[]
P55 8T B A (A, BT DL R IR A A o o
dMEEFMER S, Bk, AfIE&F Rl 17—
BRI R B R T O EEE, X ERA
H——fik.

SR, bR 4R % ) 4% b SCRR B i B0 K i IR I
L HRAE X SRR AR E RS, BT
SRACL R MR FE T MR . AN ORI T e i
W, {j Laplacian 5 ¥, 8 T — 4B B 19 I K Al
4B 7 {H I8 % £% ( quaternion-switching vector median
filter, QSVMF) . ScHR S5 R K W, B 0 08 B # AU BE
AR RTMEFFERHTE L, W E B REE®
B R 2 & MW RO T R IR B IR B A

2 MTHER

1843 4F 35 [ $ % % Hamilton #& 1} T 9 jT 8
W AR RO 2 el R 4 i,
—AWTTE g B — AL 0 FI3 D EIHR b, c,d,
AU :

g =a+bi+c+dk (1)
Hrb,abcfldREH,i Ak RE3DEEN, I
W2 N E R R .

=7 =k=1k =-1
ij =k, jk = i,ki =j (2)
fi=-kkj=-i,ik =-j
YLH a =0 W, FR q R SE TUITH
P TTEL (1) BB AL B 43 51 5 L
lgl=/a" +b> +c +d°,q" =a-bi-cj-dk
2 A DY TC B o g2 AT AR S 3 44 A s, Y
S PO TR i R AT A IR o (EAR R RSN (2),
T E MR R KM, WA 2 ML
g, =a, +bji+cj+d kg, =a, +b,i+c,j+d,k,N
4.9, =(a,a, - bb, —c,c, —d,d,) +
(ab, +ba, +¢d, =dc,)i +
(a,c, - bd, +ca, +d;b,)j+

(ad, + bc, —c;b, +d,a,)k (3)

PUCH (1) Al LLE T AR A AR B K
g=|ql|e =|q|(cosp +using) ,0<sp<m
Hrp
pom L (bi o+ dk)
N EY
_ {tan‘1 m/a a#0
w/2 a =0
X e R BRI TR (B Dy 1 Sl R Y
JCH) R T T HL g B RRAE Bl (eigenaxis) , T ¢
TP Hg $E1E i ( eigenangle) o

3 QSVMF #i&it

3.1 RGB ¥eEHHMENTHEETR

H1 T RGB(red,green,blue) EGEBR REH 3 4
SrE, HIL AT R AR WMok ER — N AR K.
Bh#Ex  =0r,8,.b, 1 Kbr g,b, e
{0,1,2,---,255] 8 T ¥R, W4 RGB 2 [B] 9y Ji o A
FEA(0,0,0) B F] (127.5,127.5,127.5) , W F R &
%x;,,ﬁﬁ@éﬁlﬂlfnﬁ: g;; = (r; - 127.5) i +
(g.,-127.5)j+ (b, -127.5)k,

3.2 MY EERFEBRENBERT

BRI B A 1843 FiC S8t ok
T, EERREAGAGENAREGLES, @
Sangwine ¥ & B i 20 % & B4R i 08 3 U R
Wep S ek (16 ] Wt — AR T T R
FODEGRMEE. A SR H M oH e e 8,
BT —-NMEEREHENF LR K B P HEEK
. FPEHEENAWTHWIEEEL, REMBT
AR R A

763 B EN, A R=¢" U RXR™ Rk —A
3fEmE X SHip (AN EHE)REE—-TA
B 26"

TER A B = (i +j +k) /3, I847E RGB 3
He7s(a)vh, EACEKE K IE L (grayline) , [ B X 4
mEsmEMBRE, 3N ENKEERZHESEN,
FAO=m/2, B0 R=¢"=(i+j+k)//3, U RXR"
FnW X GIRKE R p HESE 180°, B X ks AR
W71 (L e SRR , B X + RXR™ 57 4 4b T
KEZL L,

WE2ANRORE: q =ri+gj+bk Mg, =
ryi+g,j+bk, BN R, R BYLH A 0 (AT LL#E f 1
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HEBKRIE),FUTK g, =q, + Rg,R™ =ryi +
gj + bk HNR ¢, Fi g, WA LB EE, B4 q, =
g, +Re,R" I MFERBE LR p ML, N THHE ¢ F
g, WERER AR MR TFRBEENERE
ST, TR

Dpixel(ql +Rq,R") =Dpixe](q3)

b b
=(,3_’3+5’3$)i+( 3_’3+g33+ 24

+g, +b
(ba———” % 3)k (4)

FTUL, MR K q, A1 q, 63 B8R Bt
|D,.(q, +Rq,R" ) | B0 /N, 5 —F Bt —FE,
A K 05T 2 g, A g, K €A ER KA,
|D,u(q, +RG,R™) [BRATRK . ASCIR A9 TF 2
% B v (L 5 A R AR A A R B R
3.3 QSVMF #Jigit5£m

FEG PR MRE, P 3.2 WANKIE
SRR R R, R U P AR o
VMF 34708 B , 75 00 X 33 AN 2 A8 SR BT A 24

FI R YT B A, VME 7] DL E i

N
q;; = arg min

qketq.,qz,--'.q/vl{ =~ |ql - qk|} (5)
HP NREEFEORDM K *R), 19,,9,,,
g B BREOANTERE, ¢ FRM TR
Waew O LHERE g, 1 VMF fi il o
F R IT KA K B P B WA QSVMF 1%
WRIRRH
g% =1 ~f(a. )] *q i (g) * "
(6)
HA, fo.(a ) NABBE q. BB HBRF B K
BOERMRE 1, FMEE 0, B f,.. (g, ) !0,
1,
HTHE N BRERENEH, TELY
Laplacian B, & X 4 MU THEE T
RYR R
R R R
(R R1 RR)|I 1 1
R R R
R RAR
(k=123 4)F R LE4 M EF,HERT,
FdE 0 TR R EBR GRS N (¢,
a7 ,q.,,05 ¢V} b g, AFBEEHENER
(MLTRPB/EOPO) . M T E A kG0

(VMF)

q,,%ﬁ%%fﬂg
1 4
( *
DLine(qi.k;> = I; |Dp\xe1(q|,j + qu(,k,"”R ) (7)

D,..(q.,) =min{Dy,(¢)),Dy.(q)),
D.,.(q7)) Dy (g1 (8)
Fune(4:) = {1 D) 2T )
0 else
Hep, (7)) $# D, (- ) IR (4) BEE X, R R
3.2 AT AT A, Dy, (g ) REBEFLBE g,
5 FERES EWHMGEN T EEE, X
AMERKERE ¢, TTRER R
K (7) ~ (9) ZFFLLAEHE I FRW ¢, BE R0
HUEE X RER: DY g, B I vk R A,
D, (¢") (k=1,2,3,4) 8B YRK; DY ¢, AR
MR LR R R AR, Dy, (g0) (B=1,2,3,
AEE RSB ;DY ¢ REANMEETHR L RA
B, WIARRL G D, (gi")) BE 4 AR/, T oA 3 A B
SRk, HI, Y q, BRHEN,D,, (¢, XHE
KT g, ARBFEREREMURRAL LW
B#EHt,D,,., (g, ) B4R, FUTAR(T) ~
(9) £HIMT g, BE NGRS,
o= 0 B 1 2 S 7 R T B A G Y R L B
FrmspmEeREid"" . ¢ 9,05,
gt | L 24 RAT B M B A U U A B U B, T
TR MR E E BOA N R E A B, TR,
gtV F g R R U B A B BB L 0T g% A
gt REH WP NRE . XERELAEY, BN
gD g P TSR E L BB E ¢, ZHT, X
REEAL T g, B, ENE 2B BB A EL, HEN
TREF B R W B AR KR, e g B SR
RS, X R TE ¢ M g BIE MR B
XA E A TR S EE AR WEAR , X
MBIR T RAEM, NTIRM AR LK. HTHRR
BAFIE, T 5eik ¢ g BB WS HBUE,
FAR(T) ~ () HE [ (4. ) L E fre (4, %
F 1,080 g, AT RERBHE HHKNERREHAZK
% LWBRE, ML ¢V F ¢ BRI R BB
RIBE, RIEAR(7) ~ (9) EH T ESf.(q.)
(R1E.
BRI LH, R (9) H i T4k T HL 25 ~37 Z 1A
RS BB B P RE R R K, ZEA O R I X %
i T B 32,
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4 HEERENH

A HIEH ST QSVMF (38 & 20 36 51
ity VMF #E45 Hse, 0 BB 2 B 5 S U i
—AMREFTE % FOERAE R TR R B A
¥ 4F . ADD/SUB ( Ji/% ), MULT/DIV ( F/B),
SQRT(F- 774 ) Fl SWAP/COMP (5c#e/ ML) o

(1) BX Rg, R" (q,;=r, i+g. j+b k)
AL 8 K

Rg, R" = [Z(rm +g;,j +b, ;)

[2(';,; +8;,f +b,) ’gi,j]j +

“’-‘.j]”

2(r.,; +8i,;+b. )

B
B3t B — 4 Rq, , R" & % 2MUL/DIV H
5ADD/SUB,

(2) ERAKXT) ~ () HBHHBER ¢ BT
HUEFI, CIH L Re, R . XBEASHESR T, ®
B—MEE,QSVMF &

Tosve = (16SQRT +70MUL/DIV +7SWAP/COMP +

177ADD/SUB) + P # Ty (1)
XEp RBER0.0<p<1.0), Ty AEAEN
VMF I EERE(BE TR RN E &R
E50 o

BAERIE Toeo BRBEBEHEDKDA
N x N3+ 58— ERECHE B 7% & SADD/SUB + 3MUL/
DIV +1SQRT, XF7ER MK ERFEET,

Tour =N (N* ~1) (SADD/SUB +3MUL/DIV + 1SQRT) +
N’logN* SWAP/COMP (12)
TR, ENXN=3x3HEHIT,
Ty =72SQRT +216MUL/DIV +
28.5SWAP/COMP +360ADD/SUB  (13)

M ()RR (13) TTRAE 76 3 x 3 BRI
BWHTF, LA RA KT 65% B, QSVMF B#47 3
BE L VME HR, 850, 28 0y 10% B, QSVMF
O PRAT I BE K 2y 2 VMF 89 3 4,

-bJk (10

5 XWHER

HEWENE CEROBPBR, B THEM
P TR B I 2 RO

(1) H—4k ¥ 18 & (normalized mean square
error, NMSE) """

Ny Wy

2 X Ay - fan
NMSE = ==

N W,

PPN

Hf N, FiN, BREGREER, f(x,y) REEEM
ABEFE QR R LE (x,y) bR B, f(x,y) Fom e
WL f(x,y) A S 5 230 08 S im0 B
B (x,y) MW R

fRBAR NMSE RART 2 MEBRIEWE (FE)
ERAEMRE, ERA AW RBRERIRE.

(2) H— 14k & % i% £ ( normalized color
difference, NCD) !

ATHE2AERZENZRFEALAER
W, CERIBIEX T —MAES ALBR—-HMES
i 8,23 [A] ( Uniform color spaces)L"a" b Fify 2 NE
BRZEMREMNITT

Ky M

2 2 ” AEa,b(st) "2

NDC = ==

Ny N,

> > E ()

.ox=1 y=1

El(x,y) = [L" (a,0) 1" + [a” (5,9) ) + [b" (5,0 ]
AE, (x,y) = [L"(x,9) = L" (2,9)1" +

la" (x,9) —a" (2,9)]" +

(6" (x,y) = b (x,9)]°
Hp, L (x,9) 0" (2,7) b7 (x,y) REREMAR
FRRER (2, TE(x,y) RBREXF L \a” b7
AREREKIER,L" (x,7) 6" (x,7) b (x,7) R
REBEBR f(x,y) PO AR 5250 08 348 08 K
G EE f (2,0) TE (0, ) RBEXRTF L™ 0™,
bt EEBRMIKEE,

e SR “ Lena” B {8 (515 x 512,24 {if RGB #
K)ENURER, EXPMHFEEBEFTMA 0% ~
40% F bk wh e A | Bk o 7SRy Matlab 6.5 (484
“imnoise(1, ‘ salt & pepper’ ,D)" M AR, K5,
P — b 28 L) A0 B 3B T R B R B IR AR L A RO XL
PR TR 28 QSVMF 4T BB UL, 3F 20 4 &5 Fh 3R I
A% M 55 T NMSE #1 NCD ##e 45, £ 1 7]
HTXEH T HERMERIRES, EX LR EaS+,
HUTHEE-BEY S, AP, SECR A RERIBX
AR E. FAT I3 WERED,E
SxSERENTHEREREMUTIXIED,
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Tab.1 Filters taken for comparison with the proposed filter { QSVMF )

8 I 4 R B8 &% UHk
VMF 4
BVDF 5
DDF p=0.25 6
ANNF 7
FVDF y=2 8
AHDF 9
ACWVDF { adaptive center-weighted vector directional {filter) [ Toll -+ ,Tol5] ={0,0.08,0.17,0.33,0.51] 10
SCWVDF ( switching center-weighted vector directional filter) A=2,Tel=0.19 10
ABVDF ( adaptive basic vector directional filter) r=5,Tol=0.16 11
FPGF ¢ ( fast peer group filter( VMF) ) d=45,m =3 12

2N 3 or B T ARl I A B R
KT NMSE 71 NCD {45, WLIEREH,
QSYMF fytEpg B B M., HBAEEE /DT 10%
i, QSVMF MBS R BIER R F I Y sE & E
ARTF 20%BF ,QSVMF ()8 B UR t tL 8 45 124
g 75 %5 AR AR (10 40% ), QSVMF 1 VMF € i
HORMEARK

T WA K E U RS QSVMF X 48
KRR BROR  FEY 15% W75 1 Lena” B H H

T = AERAE WML T, R 5 S R
AEATIE N . B 1 Bon T SRR A A i R R
MBI B] DL 34 X R 4R A B 4R A B 4
QSVMF (¥ th BR sp AR AR FE 58 47, 17 HL 3B A
SRARKE ;1 76 EoAth B U 2% 1 1 MR P B A X R
FRAMEMEERREAR LR T, BB RR
A (EREEBRLZERE), U, AR I
&, QSVME ) I8 B BUR AL 2 B UF 1 o

F2 BMIERFM NMSE g (Lena B3 x3FO)
Tab.2 Comparison of the NMSEs for the restored “Lena” image(3 x3 window)

W R (% )
e 38
0.0 3.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

VMF 0.001431 0.001677 0.001876 0.002580 0.004083 0.007178 0.013600 0.024295 0.039095 0.061 344
BVDF 0.001834 0.002156 0.002470 0.003737 0.007408 0.015528 0.030718 0.053727 0.081920 0.114374
DDF 0.001463 0.001702 0.001889 0.002618 0.004183 0.007438 0.014166 0.025255 0.040370 0.062963
ANNF 0.001382 0.001815 0.002383 0.004965 0.009686 0.016309 0.025689 0.036973 0.049872 0.064715
FVDF 0.001454 0.001619 0.001816 0.002681 0.005351 0.011623 0.023762 0.043203 0.067875 0.097720
AHDF 0.001429 0.001673 0.001868 0.002678 0.004562 0.0083500 0.016068 0.027749 0.043533 0.064350
ACWVDF 0.000011 0.002161 0.005143 0.019026 0.042895 0.071415 0.106425 0.142200 0.177443 0.210828
SCWVDF 0.000070 0.000769 0.001425 0.004517 0.012509 0.025616 0.046438 0.073403 0.103486 0.136200
FPGF gy 0.000126 0.000796 0.001254 0.002531 0.004802 0.008227 0.014904 0.025515 0.039997 0.062028
QSVMF 0.000015 0.000387 0.000690 0.001638 0.003327 0.006387 0.012843 0.023333 0.038122 0.060515
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(a) Lena JHEZ (b) & 15% 1875 I B I % AR ARIE RS
AR

(@ VMF ISR BN R G () BVDF it B o Bg (f) DDF i SR g

W(}) AC&VDF TR R (k) SCWVDF 18 7% 28 v th Bl R (1) PFGF eSS BHEHL BLR
Bl SHEESNEEAR

Fig. 1 Restoration results of different filters operating on the test image “Lena”
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R3 EMEKBANCD B (Lena BRI x3 EO)

Tab.3 Comparison of the NCDs for the restored “Lena” image(3 x 3window)

B R(% )
AR
0.0 3.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
VMF 0.027738 0.029502 0.030717 0.034121 0.038981 0.047383 0.062083 0.084438 0.115733 0.159432
BVDF 0.029142 0.030729 0.031993 0.036033 0.043208 0.056322 0.078791 0.111050 0.152102 0.201021
DDF 0.027863 0.029487 0.030654 0.034005 0.038862 0.047385 0.062168 0.084547 0.115384 0.158710
ANNF 0.029370 0.033764 0.039261 0.059367 0.087046 0.117195 0.150354 0.182660 0.214050 0.244332
FVDF 0.030616 0.031364 0.032104 0.035132 0.041931 0.055422 0.078422 0.111389 0.152236 0.200718
AHDF 0.028704 0.030398 0.031693 0.035775 0.042600 0.054666 0.075168 0.104638 0.142719 0.189016
ACWVDF 0.000085 0.007592 0.015743 0.046893 0.094822 0.149723 0.214015 0.276250 0.337065 0.393124
SCWVDF 0.000481 0.004728 0.008019 0.018629 0.036578 0.062414 0.099546 0.143880 0.194234 0.248937
FPGFyyy 0.000422 0.005789 0.009501 0.018463 0.028648 0.041300 0.059341 0.083951 0.116294 0.160345
QSVMF 0.000054 0.004761 0.008100 0.016422 0.025660 0.037240 0.054790 0.079042 0.111959 0.156743
1997, 6(7) : 1038 ~ 1045.
3 7 Plataniotis K N, Androutsos D, Sri V, et al. Nearest-neighbour
6 % ﬁ multichannel filter[ J]. Electronics Letters, 1995, 31(22); 1910 ~
1911.
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