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WA R e LT R AR w1415 Angulo #2817 LSH I EHEF ) O [Ah, Peters
AR A EIGAR T — MO R R TEA Tk, JFRET Lrwtv RO g TR R BB A5
D61 SR, SRR TR R G R 2 B R B R R R IR 5 3R T RGB BB B,
It Witte & T T RGB B Ry 5 07 40 #r BaR i 5 s HE P U R B, Vardavolia
M1 Louverdis $/& H 18 % 8 HE 7 AU AR R R T 227 PR R 00 TR IR A 30 de .

SRIM, 7341 Vardavolia # H B S & HE P AU AT LUK, 1ZREIFAAGE 2 Hy S,V =08
SERERURIRE Sy &, Bl TR DR TE PR, DIz R E iy A il s 2 S, BREL
2B HS I — 2oV 5T, AHAZ R RN I ANRE & S Bz (0 0 3 1 8 &R Louverdis 7115
fitlh g5 7R R R B R e R, A R (R 2 S M B, AR = AN 2 5 B HE
FRI b SR SEIEAR AL, SCEG R I, BT LR P AR O R U R (AR R A AR, TR R
T A EBAAAEIZIREE YRR, WA 2 E  WURTEERI LR, AR Bl T S LUA B 28 = 2, AT 530
O =R HE PR T LT AEAE . Hanbury 1565 €8 1 EE JC e AR R T G T SR [ (1) %
BYHET U8 T AR AR H T 2 MR ERSYH T, BN TR ARG,
ERLE R PR E AR, 1% 07V R A A SR A R R B G A BRI 4y 116~201, JEF
Hanbury MBFFUSA, Aptoula 5T T (I MIUT X R, T2 BEIER, KU o/ A 2
F A R A I T S AN B, Aptoula K (LRI FE 79 DA = AN DI, 30 DAL, L g 0 Ml (4
hZZEOA, VR RO 5 2 (R R R, AR R 0 DR SCE TR R OC 3R XA IR (5
RS AR, BAT AP IR S Fepk 21~28,

B0 O R B HE OB AT 7850 75 S8 B = AN o = L R AH BLOC &R n) i, A SCHE HSV R (04[]
W T —FBr R oC &. T HSV R0 A3 1) AR 32 K/ R (AR 30 . 1) % S AR £
FEYE, IAE HSV =4y i, REGQEMBER S F1 vV vug, MEM H goE, HAEMMEENA
BOAMALI 55, AT AT IR Aas SO/, BE TR R P OC 508 T R BB 2K
THRF PGS LI A R W], SEAT R BB AT, B2 TH RS F 1R RIS
TAER A G AR B b HAT AP R

2 MEXMRIE

Hi, RGB BB 2 iz N AR EHE ISREBURT 7R v, DRI, e — 2 e L od PR s
PR OB RGB B ORI AT LLg SO — LR, AT — RGN NAL T RN (1 — AN K, 3L
R =R RERIR, Ry G B 23 3R7s =AMl Hor,) J5 R 0(0,0,0) Ron B EARFE AT, w(l,1,1) &
REEBE R, ow NG TR, WE 1 iR,

£ RGB B, BRI REHT k2 Witte $HI0 K &1 2%k 7(H DRGB #
R). XTATE RO ER S pl,y), ‘©5 RO SR O 5 KRR 850 0 dy F1 dy Ko,

d1(0,p) =/ (pr = 02 + (g — 0)2 + (py — 02, (1)

da(w,p) = /(1= pr)2 + (1= p)2 + (1 - )2, (2)

EXREBRERIIMFREZN (<pres M =pres 72378 HSV RO )R E D THET):
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B 1 RGB ®@i#A Bl 2 DRGB X&2HF
Figure 1 RGB color model Figure 2 DRGB vector ordering

@) (b) '

(©
B3 REEeRH

Figure 3 Original color bands. (a) Hue dominated color band; (b) brightness dominated color band; (c) saturation

dominated color band

(a) (b) (©)

4 7|f DRGB W& 3 WHIFLER
Figure 4 Ordering results of Figure 3 using DRGB. (a) Ordering result of Figure 3(a) using DRGB; (b) ordering result
of Figure 3(b) using DRGB; (c) ordering result of Figure 3(c) using DRGB.

i (0,p1) < di*(0,p2),
1< _p2= or (3)

DRGB
d;lljl (Ovpl) = d11)2 (07172) and dlz)l (wapl) > dg2 (w7p2)7
P raph? < dV (o,p1) = di? (0, p2) and d5' (w,p1) = db? (w, p2), (4)
ME 1T, 25T RGB R0 A SR HE e U BLB R 31 1 (5 38 il A SR (O 3R e

AR, KM T REARFIMIERE S, AT EAER LR O HE U R 2. A R B S L
di(0,p1) < di(0,p2)~ 02 < 01(0; = 0) H. |di(0,p1) — di(0,p2)| < |61 — O] I, ¥ DRGB KEH 7R
}I_I\IJ, P1 <DRGB P2, ﬁl] 2 Fﬁﬂ? 7)§ﬁ, )‘}\':Pﬂ%'dj |d1(0,p1) — d1(0,p2)| ~ 0, Tfﬁ |91 - 92‘ ifdt, }‘Aﬁﬁ
TN py H—2ULLA0 5, T po N ZLERARTRI B €0 0. ARYESEBR 1 0 AR B0 ) B, e BEAHE
OB R AR TAO R, 4R S DRGB fHF MWK Z 541 . B4R, DRGB HE UL R (5 5 21
FEFPRCREZE. 25T DRGB REHF RN, X =Mzt denty (K 3) BEATHER, 45 Ranl&l 4 s,
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H T HSV Rt 2 0] B il AR e fr gz, =N Hy S\ V 28 s (i . R RIS
J55 . WRURH BEAH S T BN A VR G L i BE 2R R IR AN BRI AR, an ] 5 PR,
K 5 AT LA, HSV BRI — /S, S HER T By 2B i, o s = v = 1. B
H oo FIHUNTARAE s, BWEAMEONENES, fHEARR. 5070, 2 v AN s, 3R
WRHEALR O NTR A A, 78 HSV B A0, Vardavoulia 58 X T —Ff % HEFP U (12 % iy
VS KR, <vs Ml =vyg 70l R HHE IR () 5 /N T-FEET).
v < Vg,
pl(hla51»”1)\/<Sp2<h27327712) < § or (5)
v1 = vg and s1 > So,
P1(h17Sl,vl)vzspz(hQ,Sz,vQ) & v = vy and 51 = sp. (6)
T VS KEH IS K3 HSV =5 08 2 s AR 5 7y 5, AT 22088 T (01 ) 12
M o AR A G b S s B R B o BT RS B R, BAR R B H P UANIE & 3 AR
MR ALEE, 36T VS RiHEF . 1% K ENF, Louverdis 7 HSV B M N HEH TR K &

HE R, an (7) (8) s (KRBT H VSH RIR, <vsu F =vsu 7002 CHE PN T (1) 5%
HNTHSET).

v < Vg,
or
Pl(hl,51701)V§Hp2(h2,82702) < ¢ vy =vy and 51 > 5o, (7)
or
v1 = vy and s1 = s and hy < ho,

pl(hl,517U1)V§Hp2(h2,52,'02) < U1 = Uy and S1 = S2 and h,l = hg. (8)

M VSH REHF N AT B, VSH @5 =2, JURTRRN Ve Sy H. H TV i AR
SRR 73 B H A A WU &R, BRI — =5 S 20 BAT A IR/ NP G &, FIAE S )2 T
H 78t — MBS B, RARTERHAE, L7 C RS S% ARERA K, BUILHHER)Z. 5T 1K &
¥R BN FAOAG FE T BA B IR, AR, 24 IG5 B 43 5 RV R B2 7 5on LU FEASE 99, i 2 1 5
LE RSB, i R A AU B A R B R BR . Wil 6 R, T v < v, s1 < sa, |va —v1] = 0 H.
lvg—v1| < |so—s1|, WARHE VSH F1 VS KRBT, # AT LAAFE] py(hy, s1,v1) <vsa p2(ha, s2,v2), SR MK
6 MTLAEHH, v1 & vo, [s1—so| [HFOR, IR YR NHRXTELE B SERRIEAT, p1(ha, s1,v1) >vsa pa(ha, s2,02).
AR, VS I VSH PRl R s P RUUAE Bl ol B #2549 1) 5 S b 00 58 Al R R R e HE P 45 0. 3
T VS, VSH KEHFHNNE 3 AT REHT, g5 2K 7(a) Fior.

7(a) FW, VSH KEHFAGE & T5e 0 & SRR O EHR AP, A& -SSR AR R 1At
B HE S P AT I S SR U] SVH(HCHE VSH 43 2 HE e JEUEE, ST ) S = A2 5 10 )2 TR+
A SV HETREH B M HVS(EAREEXNE R H 2 VTR S =),
FIH SVH Al HVS KA TR 3 ZATHET, 55wkl 7(b) Al (c) Fioxs.

ME 7 HRTLLE H, VSHL SVH A HVS =M R 43 0@ T B4 A MR i 2o & A
s s SRR AT, IR A0 5 Lo % B A H P HEE S — =, AR = F
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(h.0.0) a0, 0, 0) 5 5, <
B 5 HSV #Z@iEs Bl 6 VSH REHF
Figure 5 HSV color model Figure 6 VSH vector ordering
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B 7 ETHRREHFANMFEEFTHFER

Figure 7 Ordering results of color bands based on hierarchical vector ordering. (a) Ordering results of Figure 3 using
VSH; (b) ordering results of Figure 3 using SVH; (c) ordering results of Figure 3 using HVS

RPN AN B AR O A BOFE R, D 7 SEBL A AR I B B 3 R M E AR, B4y
— Tl 0 9% HE R

3 HHXR=EMFEXHR

BT AR EH TN E SR TGS AER A UG A B rfd F P F S e A 7, A& & B
Fe— o N LU PR A T G, DRI, DA 20U R O S e v b o J2 i 5 DR 1) = 0 B AN P45 Il B, gt
e —AN BE A AR O S HE P IO HE . 76 A R REIE T, HSV R P /e R (L G A 3 b 3R
. BT VSH REHEFRUN, 2% 3] =7 5 0P PEREAN BEA R BE | 0 BAT S5 1) MR IR A
R . B By V AN mALE BB o, B AN S —HE N, AT
F3EFHE A (Z SR HHEV (RS T2 BRI 4 SR A E I R P ) 0K, <y A
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The value of H+V

. 1 3 5 7 9 1113151719 2123 25

Color pixels ordering

(a) (b)
(c)

8 FMA HHV ¥—REEGHEHITREGEHF
Figure 8 Ordering result of color pixels using the component of the first hierarchy of HHV. (a) A color block size of 5x5;

(b) ordering result of the first hierarchy of HHV; (c) ordering result of Figure 8(a)
=pnv PRI IEHEFP U (0 O /N T AAE )

U1+h1<112+h2,
or
v1 + h1 = vg + he and v < vg,

h1, s1, < ha, 2, & 9
p1(hi, s1 v1)Hvaz( 2, 82,V2) or 9)
v1 + h1 = vy + ho and v; = vy and s1 > $o,

or

v1 + h1 = v9 + he and v1 = v9 and s; = so and hy > ho.

SIHERT I HE RN, HEV AT9RRH 1 00 J2 50, AN, 7258 — J2 R AT T 52 o A g i o3
ML ARIES, A RS — 2P 4 R B ARIMAESE bR T S R vh, St 55 LPAE
o mmt aR, B AU D EUR R R REVE SRS )R, i S8R TS R oA
BB 8(c) AHET HHV KA H PN — B2 G 1 —A> 535 R G (K 8(a)) HIHFF4S
R, K 8(b) X HHV 55— 2415 0 i H R AU AP 2R. WK 8(b) WTRAE H, H—Z4la
SrECESL T HAV MME—HE, BUS I 0 =28 S5 mICRT .

g B, B BHE R Se R, 25 AR 1 HEV R UL (] SHHV KoR)
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AR e

(a) (b) (c)

9 #A SHHV [E 3 WHIFER
Figure 9 Ordering results of Figure 3 using SHHV. (a) Ordering result of Figure 3(a) using SHHV; (b) ordering result of

Figure 3(b) using SHHV; (c) ordering result of Figure 3(c) using SHHV

1]1+h1<’02+h2,

=3 10
P12 or (10)

v1 + h1 = vy + he and s1 > so.

SHHV KEHFNAWE, h T EMals®AES —Z048SS Tiaf, FILE SHHV | 76
5 R R T ORI 6T B A R e A R R SHEV K SHERE N B 3 (R0 4 HEA T HEF,
B 9 k.

M 9 ATRUE Y, SHEV 6] (8 1 R L e s A T ) 671 2 e S B IE i HE e, SR, ST R 52
o AR A CVE S BLE M HEY, W 9(c) BiR. S THREY: SHHEV =40 S ANAE R — J2 1) 1) 8, 75
BRIE— R pi = f(ha,si,0:), BRECEERS M. IR S 2 B 2 TR RIT C R 0 AT 5 1
HSV BRI 5K 6, nTLAE H, HSV R0 25 () (AT — 2% 5 ml LA AR AR b 28 1) 25 R B R £
JERATHOR, o, BUE R o2 + 52, I D(hi, ho) Fon. RABEEIEEFEE, X hy < hy <
D(hy,ho) < D(ha, ho), 36t Vhy, by € [0,1], H.

|h — hol, |h — ho| < 0.5,
D(h, ho) = h, ho € [0, 1]. (11)
1—[h = hol|, |h—ho| =05,

2B, BATH AR 8, RGP EATA S, BT ol + 57
D(hi, ho) FEMNBNMSLI >, NIAFE] p; = /v? + 57 + D(hi, ho) BT IATIAEN, JUSHr ) 2R
FARFAEN A (12) PR (ZR ST H HEVSD (B T5e 8 MR RE DL € 1 5 2 TR A B0 1 %
HF R KR, <pvsp M =mvsp 2027 EHE P R T 19 %N T AIEET):

\/’U% + S% + D(hl,ho) < \/’Ug + S% + D(hg,ho),

or

leV<SDp2<:> V2 + 52+ D(hy, ho) = \/v3 + 53 4+ D(hz, ho) and vy < vg, (12)

or

Vi + 52 + D(h1, ho) = /v3 + s2 + D(ha, ho) and v = vy and s; > so.

BT SR UE W], T O s e AR 58— R o S5 eh RITAT Ak, R, o v i) o B HE e EA T fR AL,
NI JRERE ey Fll P S0 ) SN P &5 i 405 (1) HHVSD PRI () SHVSD 3£75)

P1 P2 = U%+S%+D(h1,h0) < \/’U%-FS%—FD(hQ,h()). (13)

SHVSD

A SHVSD KAEH U IE 3 IRt 4 BEATHEY, 45 R A&l 10 Pros.

594



TEEY FERE 426 RS

l (a) (b)

(©
10 FA SHVSD E 3 fHFLHER
Figure 10 Ordering results of Figure 3 using SHVSD. (a) Ordering result of Figure 3(a) using SHVSD; (b) ordering result

of Figure 3(b) using SHVSD; (c) ordering result of Figure 3(c) using SHVSD

25

The composed value of H, S and V

—— Figure 10(a)
Figure 10(h)
0.5}
—w=— Figure 10(c)
0 i i i
0 50 100 150 200 250

Color pixels’ ordering

11 #/f SHVSD itHE 10 SENFE—BEF2HFER
Figure 11 Ordering results of the first hierarchical of SHVSD for Figure 10

AR, BRI U Y, 10 5% BN X 25 FORS € 2% 1) AT B I HE PP 421, e iR 2 P X L
JEAER QA LI T FARFE AT (7% 70 o EU 2 BU 192 ), 9 10 O P v DU 4 A 215 A 2R
PSR
4 REWSFET

B f(z,y) AENFE HSV B L (x,y) MEOEEE, b(e,y) WEEWITRELES (o, y) AW
5, Dy A f 8K, Dy b [k, WK BB A 24t A I 23 ) s Sy (2

FOb(st) =min{f(s + .t +y) = b(@,y)[(s +2), (t + ) € Dy, (2,y) € Do}, (14)

fg%b(svt) = max{f(s—:z:,t—y) —|—b($,y)|(s —x),(t—y) € Df’(z7y) € Db}' (15)

BT RETCASFIE WA 2 X, ST b X f AT RETEATT RIS € A

fob=(feneb (16)
feb=(f@b)Ob (17)
cp cp cp
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(a) (b)

B 12 FEFEREREG (MRS, BEAH 25%)

Figure 12 “Hat” and noisy images corrupted by 25% salt and pepper noise. (a) “Hat”; (b) noisy image

FER LSBT, B ITIa HAE LR LA e s Nl se g, B Mia S Re LR L 4h
WIS EE ) B, HIRFOBAAAR RS, TR OEBG M = B4, HIb R I LR
THEITRD HAGRKEM ROBFEM, WY (12) X RER) BUNMIEHRER; REHEH
LBR T iR E D B R RO R S5 1.

H1 R R TP SN O P I8 ST ARSI e 7 5 T K ELANRF I, K R R TT S P Sy 4 45 mT LA g
SRR P 9 R A0 s, T RETT S BIIPAL A, 8T R PRI R B A U8B s N
KETTUL PITTIER S (yvo RRKREITEH, pvo FRRREMIEH, VO Kon KEF).

evoyvo (f,b) = (f ° b) o b, (18)
cp cp

woevo (f,b) = (f o b) o b. (19)
cp cp

FRAE K BEAS AL e A e s 15 X, R IHZE R TF ] . PATFAS AR 3 41 6 o 2 1R o L
Voo (f,b1,b2, ..., b) = pvo(wol- - pvo (o (pvo(ivo (f,b1),b1),b2),b2) ..., b;), by), (20)
o (f,b1,b2, ..., b)) = ywolevo( - wolevo(rvo(evo(f,b1),b1),b2), ba) ..., b;), b;). (21)

i PRI WT DARR A BTG IR RS R 75 (R S BE A, S5 MITC R by TR KRR by = by @ by, by =
by ®by,...,b; =b;_1 D by.

5 SKRWERROR

H T RAEARSCITE H W R =B F IR T PERE, T ELSEI0EA] “Hat” (512512, 24 bit, RGB %
) AE MR ENE, THEHERH Pentium(R)Dual 4bBEZS 2.2 Ghz, 2 GB WAF. EFREAS [R5 44 ik g
75 YR A R AT A B, SR O I % B TR A 7 D I S FHAS SO HH R Ok B T A 2 B o i 7 P14
Ve, AR 13 s, B 12(a) AR, B 12(b) AN K 25% IRk R %, B 13(a)~(n)
W AT orapyrap A 2, (OCHR [15]) enrsyans M Es CCER [14]) prapyres M Y op (OCHR
7))~ pvsyvs 1 2g(SCHR [10])) @vsuyvsa M gy (OCHR [11]) LEAASIR MR EIE A& H T
psuavysary A Vg~ esavspysavsp M Ydgysp FIHERETR (by ZIh 3 x 3 TSGR,
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B 13 FAFRFMRERSFIRKETXE 12(b) ERERZERM

Figure 13 Restoration performance comparison on the “Hat” image degraded 25% salt and pepper noise. (a) Using
¢LabYLab; (D) using Y7, ; (c) using puLsyHLS; (d) using Y g; (e) using prapyRGE; (f) Using Vigp; (8) using pvsvs;
(h) using 9Zg; (i) using ovsuyvsy; (j) using ¥ gy; (k) using wsupvysauv; (1) using Y3y (m) using YsHVSDYSHVSDS
(n) using d’gHVSD SHV SD

by SERSTA 5 x5 IR0 E, ZH% A ho = 0).

M 13 FTUUE W, 75 A R EHET RO, SCHR [14, 15]) 3 % 4P 2 125 /e T (0
WS R 20 T 2 SEFBAEE R, IR B2, W 13(a)~(d) Fin. 3k [17) %18 TR OGF#
RAELE RGB AR rh ) S5 i B /N G R 208 T R (WA FEAR IR, SRR A& 13(e)~(f) T
R, SRR AR T B 13(a)~(d). SCHR [10,11] $2H LT VS R VSH 8 HE P RN e S % &
TEAS S PEP T DEW A TIUT, YEBE 5 B G A LR RE T I B € P RN 2 5 H s e 75 R A 2
JRPRIE TR 1R 5% S HE P R U0 2 573 5 43 2 HE P B, 2R D) AN A S B A HRRE R €45 25 11 B it
F, Wi 13(g)~() Fis. AR 0IET SHHEV I SHVSD 485 HE 7 MU 1 % B T A 2 g v 5 T
RE B I b Js o e 75 FLORFE IR R I B L S EBEAAR, oMk el O MR B IS H T,
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# 1 XATRAESZRESRY “Hat” RiEFH MSE L&
Table 1 Comparative results of MSE of different vector morphological operators for various percentages of impulse noise

(salt and pepper) for the image “Hat”

Noise level

Methods
5% 10% 15% 20% 25% 30% 35%
Ref. [15] OLabYLab 615.013  1093.21  1773.49  2471.88  2985.80  3642.34  4239.31
V2 979.357 1528.35 2165.32 2688.61 3156.77 3521.46 4299.43
Ref. [14] (PHLSYHLS 579.965 2736.47 5176.78 7008.26 8549.92 9831.06 10777.4
P g 458.946 3157.61 6205.21 8032.37 10154.7 11114.2 11513.8
Ref. [17] PRGBYRGB 245.320 968.562 2285.11 3346.48 3964.92 4564.03 5096.06
wl%{GB 289.932 1093.90 2921.00 3970.52 4287.20 4400.34 4861.61
Ref. [10] ©VSYIVS 383.257 727.608 1085.59 1514.12 1705.26 2101.78 2523.07
1/)%,8 449.076 778.113 1141.26 1454.22 1758.30 2129.66 2402.19
Ref. [11] PVSHYVSH 383.197 729.284 1068.41 1508.81 1698.68 2064.29 2427.57
P2ay 454.934 776.342 1106.83 1455.54 1760.43 2125.13 2350.20
SHHV PSHHV YSHHV 155.480 280.525 487.187 682.663 909.616 1184.70 1635.86
LUr — 248.091 348.122 544.930 752.898 930.798 1099.25 1316.73

SHVSD PSHVSDYSHVSD 125.714  189.923 244523  330.486  535.441  988.716  1552.47
Y2vsD 220.332  271.558  319.009  403.142  386.037  472.793  991.035

W& 13(k)~(n) Fizs. Herf, SHVSD R HF AR s ff, BATESRFSEAIPE, @ 13(m)~(n)
JoR.

N T B AN R R AR T A 2 D B 7 0] Ik e 7 3 G S R (0 R IR DRI RCR,, T ga i P 2
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R 2 XRAATRAEEZIEKSE “Hat” JEKEH PSNR LI

Table 2 Comparative results of PSNR of different vector morphological operators for various percentages of impulse noise

(salt and pepper) for the image “Hat”

Noise level

Methods
5% 10% 15% 20% 25% 30% 35%
Ref. [15] OLabYLab 20.2419  17.7437  15.6425  14.2005  13.3801 12,5169  11.8578
dliab 18.2213 16.2885 14.7755 13.8355 13.1383 12.6635 11.7966
Ref. [14] @YHLSYHLS 20.4967 13.7588 10.9901 9.67469 8.81117 8.20479 7.80564
d’IQ{LS 21.5131 13.1372 10.2032 9.08236 8.06412 7.67200 7.51858
Ref. [17] YRGBYRGB 24.2334 18.2695 14.5417 12.8849 12.1484 11.5373 11.0584
’/)%GB 23.5078 17.7410 13.4754 12.1423 11.8090 11.6959 11.2629
Ref. [10] OVSTVS 222058  19.5118  17.7741  16.3291  15.8128  14.9049  14.1114
1/)%,5 21.6076 19.2203 17.5569 16.5044 15.6798 14.8476 14.3247
Ref. [11] ©VSHYVSH 22.2965 19.5018 17.8433 16.3444 15.8296 14.9830 14.2790
w\2/SH 21.5513 19.2302 17.6899 16.5005 15.6746 14.8569 14.4197
SHHV WSHHVYSHHV 26.2140 23.6510 21.2538 19.7887 18.5422 17.3947 15.9933
e S— 24.1846 227134 20.7673 193634  18.4422  17.7198  16.9358
SHVSD PSHVSDYSHVSD  27.1369  25.3450  24.2476  22.9392  20.8436  18.1801  16.2206
¢§HVSD 24.7000 23.7921 23.0927 22.0762 22.2645 21.3840 18.1699
e @ 12000 "~ reryisy (b)
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Figure 14 Comparative results of MSE of different vector morphological operators for various percentages of impulse noise

(salt and pepper) for the image “Hat”.

(i = 2)

(a) Opening-closing operator; (b) alternative sequential opening-closing operator

GHEE R ST T 20 i O R HE P RO 20 T2 B AR, AT E AT HSV = AN r s il LIPS L Rlis i, %Eﬁ

B’J%iﬂﬁ?ﬂwh HSV =4 sV o B4LG MR ERE, ¥ H 2 8EHUEEE, 4
KA BEDA TR B AER R B P T, € T RERS AR F/HKﬁ?U&%ﬁHE‘J

IEBI T, KB R BRI B 1 N R (R W b, JEBRCR W] AL T2 R B A

599



WV BT HSV BOZENRRESYE T

30 —
| @ e ﬁt-'r:"nii! 26 ®) ——Ref[15]
Ref[17] | 24% —+—1mj.||4|
2] ES Lo TTE
N I =i
= —e— SHVS = 20 -¢-—'SH\"SD\1
) = 18 |
== o ]
Z & .o e ]
A A 14f
12‘ .
1 10}
i 8 — .
5 ! [
005 010 015 020 025 030 035 005 010 015 020 025 030 035
Noise level Noise level

Bl 15 RRERSFEEETN “Hat” EGIEKER PSNR tbi

Figure 15 Comparative results of PSNR of different vector morphological operators for various percentages of impulse

noise (salt and pepper) for the image “hat”. (a) Opening-closing operator; (b) alternative sequential opening-closing

operator (i = 2)

Hop. SERETREY], B R BRSO IE R BATRUS PR, &S TS MR
FIR, EBBORELS, HAATE R PSNR AR MSE.

S 3k

Tt W N

10

11

12

13

600

Bt R USC-SIPI S5 % fn Kodak /& R A8 H & K Fr.

Soille P. Morphological Image Analysis: Principles and Applications. New York: Springer-Verlag, 2003. 50-220
Heijmans H J A M. Composing morphological filters. IEEE Trans Image Process, 1997, 6: 713-723

Serra J. Connectivity on complete lattices. J Math Imag Vision, 1998, 9: 231-251

Serra J. Colour and multispectral morphological processing. In: ICAPR’09. Kolkata. 2009. 9-13

Goutsias J, Heijamans H J A M, Sivakumar K. Morphological operators for image sequences. Comput Vision Image
Understand, 1995, 62: 326346

Angulo J. Morphological colour operators in totally ordered lattices based on distances: application to image filtering,
enhancement and analysis. Comput Vision Image Understand, 2007, 107: 56-73

Angulo J. Polar modelling and segmentation of genomic microarry spots using mathematical morphology. Image Anal
Ster, 2008, 27: 107-124

Luengo-Oraz M A, Faure E, Angulo J. Robust iris segmentation on uncalibrated noisy images using mathematical
morphology. Image Vision Comput, 2010, 28: 278-284

Luengo-Oraz M A, Angulo J. Cyclic mathematical morphology in polar-logarithmic representation. IEEE Trans Image
Process, 2009, 18: 1090-1096

Vardavolia M I, Andreadis I, Tsalides P. Vector ordering and morphological operations for colour image processing:
fundamentals and applications. Patt Anal Appl, 2002, 5: 271-287

Louverdis G, Vardavoulia M I, Andreadis I, et al. A new approach to morphological color image processing. Patt
Recog, 2002, 35: 1733-1741

Louverdis G, Andreadis I, Tsalides P. New fuzzy model for morphological colour image processing. IEE Proc Vision
Image Signal Process, 2002, 149: 129-139

Louverdis G, Andreadis I. Design and implementation of a fuzzy hardware structure for morphological color image
processing. IEEE Trans Circ Syst Video Tech, 2003, 13: 277-288



TEEY FERE B 428 H 5 M

14 Hanbury A, Serra J. Mathematical morphology in the HLS colour space. In: Proceedings of the 12th British Machine
Vision Conference. Manchester, 2001. 451-460

15 Hanbury A, Serra J. Mathematical morphology in the CIELAB space. Image Anal Ster, 2002, 21: 201-206

16 Peters II R A. Mathematical morphology for angle-valued images. Proc SPIE Nonlin Image Process, 1997, 3026: 84-94

17 Witte V D, Schulte S, Nachtegael M, et al. Vector morphological operators for colour images. LNCS, 2005, 3656:
667-675

18 Hanbury A, Serra J. Morphological operators on the unit circle. IEEE Trans Image Process, 2001, 10: 1842—-1850

19 Hanbury A, Serra J. Colour image analysis in 3D-polar coordinates. LNCS, 2003, 2781: 124-131

20 Hanbury A. Constructing cylindrical coordinate colour models. Patt Recog Lett, 2008, 29: 494-500

21 Aptoula E, Lefévre S. On the morphological processing of hue. Image Vision Comput, 2009, 27: 1394-1401

22 Aptoula E, Lefévre S. A comparative study on multivariate mathematical morphology. Patt Recogn, 2007, 40: 2914—
2929

23 Aptoula E, Lefévre S. Morphological description of color images for content-based image retrieval. IEEE Trans Image
Process, 2009, 18: 2505-2517

24 Lei T, Fan Y Y. Noise gradient reduction using dual morphological operators. IET Image Process, 2011, 5: 1-17

25 Lukac R. Adaptive vector median filtering. Patt Recog Lett, 2003, 24: 1889-1899

26 Andreas K, Mongi A. Digital Color Image Processing. New York: Wiley-Interscience, 2008. 70-160

Vector morphological operators in HSV color space

LEI Tao%?*, FAN YangYu! & ZHAO Jiong3

1 School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710129, China;

2 School of Information and Electronics Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
3 Telecommunication Engineering Institute, Air Force Engineering University, Xi’an 710077, China
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Abstract In HSV color space, the current vector morphological operators have low capability to reduce color
noise caused by hue and saturation in color image processing. Because they sort the color pixels according to
the hierarchical ordering of V, S, H, which is against the equal principle of the three channels in color image
processing. A novel vector ordering based on the combination of H, S and V is proposed in this paper, and the
associated vector morphological erosion, dilation and composite filtering operators are defined. Compared with
the popular vector morphological operators, experimental results show that the new operators can reduce the
color noise effectively without any new color pixels while preserving the image details. And the filtered images

have higher peak signal-to-noise ratio (PSNR) and lower mean square error (MSE).

Keywords HSV color space, vector morphological operators, vector ordering, image details
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