hEBRE [FERE 20134 434 BT 853-871 ¢ OPEFREY kit

www.scichina.com info.scichina.com " SCIENCE CHINA PRESS

it X

BT RsEMRENSLET

@ EJNACH AT 515 B LR R, 22 730070
@ PGIb T K2 {5 BB, D% 710129
* W{E/EH . E-mail: leitaoly@163.com

Wohs H I 2012-09-13; 52 HIH: 2012-12-10
E X ASREFEEES (k'S 61202314, 61261029, 60903127) . E L5 Rl 54 (ftdE'S: 2012M521801). PhAL TV K= HLAl
WFURA (HHES: JCY20130130) AUH N A T EREHIAHES (#HES: 1107TRIYA017) HEIH

WE HTEENMIF¥ETIREAERRAVEEGAHE T, i — XA T W THLANEHY
REMAFET 2HETHAANTHEAYCEGI A0 RN, RV EERNEE. HTH
WEATEMALGEBENNEREN)T N 3 MLELE. s M E—TEER TV EERS EH
AR BAE KM, 5 — 7 AR TR S 4 BT S R Rl . SR RURI B B R T I TR S G B
FHRENFRAEUREHANNFL, 2 TET U oA NEM R EHFEE 5AANK
EHFEEML, O REHTFEEREEE TS0 BNER, AR HAT 2R H 4 507 69 &
E—FR, FAT REGEAHF ETHAREHFTFAN, IXTXEVASFET, IRV L EN
REETHATREEGREE. 28 F. SRERKY, SAANRENSFETHL, FHXEW
S¥ETEFRYVEEGRFNERERE T EGAEY, FREAMIEZ XV EEE EAREN
RN

X ol BEMRENASY XEHF AARENF S5k

1 35|

BOFTEA 2N AR K FE EUR AR PR AR 25 )L H RIS T BRI D).t TR 0 8 E K 5
AR FEE G R, P, AR KB B A S B 0 2% (0 B 5 A0 2 b 5 A 238 AT T T U4
s PR AEGAE =/NEE (R, G, B), B—NEE AT —RE ARG (BB,
I LIS R € IR A B AR 2 BT 3 AN o AT IS TEAS 22 A B8, AR i K A B &5 A T il
HAFEIR A EGAEB S AL SR A A B AR T BG =0 IE R A R B I T Hiit e eag
# RO TR R, 25 N R I A B R 0 B, B K A R UG Ak R AV B e 2 )
FO G R RERFFIREG = A SRR, BASGIAFIELBLE. Goutsias 55 Bl it
P T RBHCATEAFHIRHEL, Zie SR, — B TR SEH N, 5t T DMG e UK FE T2
A e LRS-, R R EHE I BCARER . FEARZ R AR A ST /i
FIRE /B (LSH) BRI AFA AR AR SR P, 9. HLS, HSV, HIS 4. 4R1fi, 76 L, S, H =4~
oy, 1 o A AR, BAT BB JC PRt JEHUE G e 58 B 0 W b A AR LRI T G &R, BRIt

jlll

S| FE, B A, T3k BT cHREMBEMRERESYE . PEES GEREE 2013, 43: 853-871, doi:
10.1360/112011-972




W LT DU TCHR M R 5L T

ANBEBIK BETE AR — FEAE S BRI A% 2% 18] N A5 B 8 MNP R R 1), Peters 11 B 45 RLFSE T K T4
JERRIBCATEAY:, WTE T — b B B2 A BRI B A7 7%, BRI A BEER 200 45K 028 A Y
S BE AR AT HE PP TR IE B K (Be/) (EAE DB MK (1) S-7 % . J5oK, Hanbury %5 ©
FETRT AL REARFE T, el T 3 Bhoy ik LUk e R8s (4R ). I 4E2K, Luengo-Oroz
5 81 SR T RE T AN B A bR R AR I I TR A 27557, DR Ry HC R T 2040 R T AR 4 A R JE £
B2 ROBERER . ARPEACHEAIEE N (O Jo R SRR R, Aptoula 55 W 2 TR T BRI Z 2 H LA
ORI, JEES T R I R HE v, BIALS AN RS, R A S i A R, 1T e X
TRTRIBORMIERAE T SRS T AT TR RIRCR. T M B A2 551 1w
FE S EUE, AT BB ORI S, XSRS HATEAR & B, Hanbury 45 O 5 FLAF 5T
TROEEEHE IR IN T AR O R G4, 3T HLS B {0450, Hanbury EGIRH T —
) I 2% E& €0 YRR TV R R B T AR 2 B 1, IR A T e 50 ] B2 B U 76 L a*b* R (055
)R 58 ST S Ry & R AT B0 T HSV B8], %8 3w FEA AL 7 B Ay
PR IR/ K 2R, Vardavolia 55 (U g SCT HAT W 2 0] g LR 1) R BB A # 5 1. Louverdis
FESEHERS B3I Tt o, 8 T =R ] g B G SRR, O B TRt R R A B
(2 FESCHR [13] 1, Weber 55 A7E HSV R0 5 0] Y, 1 5680 P8 (5 18 J5t x5 18 43 B 04T Fiidk 2,
I M AL TNE AL EL H, S, V =N 25 LB g 7=, 45 R iz i
THEX HSV =AM IR A B 45

BT 3 ANEU o) I ] g B e g Ab B QAR CURIME, (HABCRE ZE. i TR ARG R T
SRR PR RS WS R TR e B A7) DRI T 5% B B R (L TS 2 S AR 31 T 228 A T %
. SR EEEAWIE S A . 5K (Mahalanobis distance) ¥ 2 AR E (Euclidean
distance). HI T REELEHE T RORGRIEAN 8, —ERE EXREET 7B,
PRI T BE B I R R A 4 T H ISPk 18190, Plaza 45 1200 R I 28 5 e a7 X T
R TG MAINEI, SR, 2T AN 2 SR, BRI A 2 P T2 5T, AngloY 71
PERERN L, AR T TR B A R EH RN, Jf 2 T OB H T, BN TR0
B gD SN AT b . [RIR, Aptoula 55 122 X0 & B ZAHBCF A E 7347 T XA, I
VO FPE A B HESR Y BAT — € AR R AL, DS & T 5 — RGP 00, B SR IEAL
5. BN ) L2 BN A T P R (L ) 5% e e HE P AN BEASUR) 1) 8, Aptoula 45 123~251 JEAT T IR
ANWFFE, Pt TR T a— B BT A i) 3 2 B0 U (R0 R2 00 B AR PR TG 9%, 127 10k U el T o 1) 3 2 250 05 28
1 RS, e S TN 2 2, 3B M Ry, —ERE Likm TR FH 70
MR AL BEACR.

1T U B R 0 G T T BoAT — @ A 3, RIDY e80T BURER (0 % B () = AN o AR o —
AN ST HCIEAT AR KL B T AN TG R — AN AT AR PR A AEske, R DU e A i R R A B
SVEAR G A 1A R 0 B AL B V) 2RI T T B, AT A S8 A Mk FEFT— 58 1A 9T . Sangwinel28 I
LGS T B T DU B R (0 G AT LA e, 2 )i, AR T DU e B AR TR 0 R 3L Sk ) 5
T Pei A5 281 S T DY SRR A7 S 0 A AR 5 MG AR B P K N VAR T DY ey
FEAB M TT LB R IR MR AL BT VR B TR (0 UG T AN S0 BN 3 B AT 40 PE. Bihan
A5 RO SR TR R I DY ST Ly o B, AT TR A S RN K-L AR PR 22 SR AR e B
TCEIEBL, I TIABARTER G B N . EduardoO K DY e HN H T /NEAR e, AT
Feth T UTCEU N B AR AR, R IO T T TR iE s sh it v, O 7k R D TR 1
BAL B R, Shi &5 BY Sl IR — AR AL FEAR SN o), KR AL T BOY T 45 2

854



TEEY FERY 43 BT

— BRI THERIETE A, RN TR EL . Gao 45 B2 & T — RO S, DYooy
Hooe, IR T T D Bz (MR G BB TL G I 5k, 2R R YR X 38 N ) S Gk
MEA LGP IR, Guo 55 P31 ¥4L 5511 Fourier-Mellin 28 #e £ 2K 5 B AL 1 v (6 I T ¥ e 31 TR 64
KAk H R T3t T DU TCEL Fourier-Mellin A&, JREHN TR 04 H AR AR (o - R BCHE, 55
CA AL B S 5 4 HANE RATATR (A5 R 322K, Subakan 45 B4 $2H 7R (0 G119 07 B
VUCHEHESE, St 17— Rl PU kL Gabor WEHAS, IR T IZ B & 78 2% (W] MU _E 372 Joy E a1
(K. B, SEAVFZ KT VU TCEER AL B vk o371 L1 DY SRR R (0 % B 38 Iy THT AR, H4 DU e
KN T TAER AR, T L R s B ik 2 0 I AL BE BTl 2111
i) Angulol!) ¥ 5E4 75 T PUTCHERIE ML &2 51, Aldig th T DU TTEL i m] LA 2 R AN A )R
AT, FEE T LR R T DY e BRI ] M B, R EE T A RO AL . TR LN sk
BrAZ I FE KL FE. 2011 4F, Angulol®®) G H TS EHA A7, FIHY RSB AN £ 5 5 SCir] i
BNy, FFIRI 25 S T IsUh ER AR LS 1 B G, FIRDET € LB EBOE A2 H AR G, OR
B

IR CA I SCHR, B AT 20K TR A = B R T O S HE P oo 5 29 5 SO il i, 4
SL T BRI S G Y, T 2 OR S R R C R KA BE. AR, T PR IR A 1) wfERA
T 52 o A R PRI 26 43 B I 1 3] S g B HE P v 2) ) T ] S g BRI P 4% 0 G 0 B 1 S ) B
BEATIRAWTFURIRE. 3) B WL BEN 3 b 28 R 0 SO LEXELLE AN B 2, AT 3 B R
RO B S5 B SEER (3R S HE PP B R B R AR R I HE PP S R AT 5 52 B AR R B 1 JaK
FAMGUFE. BT DAL e, ASSCHR T 3 TRUIDY s B R RS . AT EAE T 1) A
VI TCEARIE R G, A€ SCTHT IR (- F] ] M B Y. 2) R Bmd BEe N 1 R RIS
o7, U PASOR A S B i) S S ML o (R0 JREA TR, AT ST 1 DU e 8CRAE (R R %
HEFF R 3) HETB AR oS R R, € SCT R BB WIKE 7 A RASH . HEA
[FIR IS T AL, SER S RARW], ASCHR B DU 00 35 2 5 7 R (0 R R AL BB AT B4y
IR bt HBCAINAE T RIE, G6 T2 REAEA.

2 ETHOa#HmEeBRERE
2.1 MTHREMR

VY TCE MR & 45 W) FH Hamilton 2, B2 BN REIEAL —ANDY T0H b 5 5RT R 0P 38 3 41
B, S A, H w R, MR 3D [nlfE, X B T4 DU e 5 % (0 BRI Rk ok, PRI 3RAT
H (r, g,b) RS, Bty AR EIPU o8 ) — MR IA RN @ = w + ri + gj + bk. WAKGIETE (r, g,b)
H—RERR, o= (rg0b), W g=[w v]. BRMTEH 3 NREES ¢, 5, k §E T IHH D REES
MR ECRSE, T gy Y oHur)— Lo v i

) 2=42=k2=—1,ij =k, ji = —k, jk =i, kj = —i, ki = j, ik = —j.

2) FISZE—HE, PUICH q BN gl = [[w 7 g b = Vw2 + 72+ g2+ b2, ||q|| = Vw? + [[v]2.
Wit g WL ¢t =[w (z vy 2))'=w (—z -y —2)]
4) VU q Midh q 1 = ”qT*”.
5) IAMDUTCHEL g M o AHARE, HLEERICH quxge = w1 vi]x[we  vo] = (wiwa—7r1r2—g1g2—b1b2)

855



W LT DU TCHR M R 5L T

1 EREReE%

Figure 1 Original color image

2 MTHEE 3 MER (B—Fh o', £ZFh @2, F=FH °, A =10.5)
Figure 2 Three representations of scalar part of quaternion (The first column is ®1 the second column is ®2, the third
column is ®3, A = 0.5)
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0 = arctan
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3 ETWaHFiEM o, p M0 R (B—FHh o', EEZHA p, E=ZFHA 0)
Figure 3 &', p and 0 based on quaternion representation. (The first column is ®!, the second column is p, the third
column is 6)

B4 HExHHHEE

Figure 4 Decomposition of quaternion
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B 5 ETFTHOTHsmEKEMEESSE
Figure 5 Parallel and perpendicular components based on quaternion decomposition. (a) Parallel component; (b) per-
pendicular component
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B 6 p,lqg"| 0 BnENEEETHHFER
Figure 6 Ordering results of color band (a) based on single component p (b), ||g*|| (c) and 6 (d)
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p1 < p2,
(10)
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)
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RUGEN, 2 MR FICME SR REHPA S 0T MBI, A7 AR 2ExT Bk S,
SR AR B R BT BN BIAAAE - MR, I T BCR A 7 5 AN E & 52 br s O,
IR R F I HE P BRI ASEARL [RDBUA A8 3 AR IR /N AT A WGy, DRI e P U

p1(21) < p2(22) & 1 < 2. (11)

AT AR08 Z2 R PP U MR8 A AR Z2 B HE P W EL R A B0 (<xovz oA XY Z K
HEP HE T IR T HAET):
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p1(w1,91,21) <xvz P2(Z2,Y2,22)2 & § 1 =29 and y; < yo, (12)

r1=x2 and y; =y and 2z < 2.
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7 HEXEFESTHRARE
Figure 7 The maximal vector in vector sets. (a) 3D vector set (X,Y, Z); (b) the maximal vector according to various

lexicographical orderings for (X,Y, Z)
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|qf_H 791) » g2 (p21 H‘E‘ 792) yoo3dn (pnv |q7J1_|| 7977,)} . (14)

S T VB MIN(S,) AT MAX(S,), R i U EEIUFE RHE P 7, 4t T DU TE MO8 I RO 26
w=HF (QFVO) Jiik, LIBERIR 57N Ay 4.
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SLIR 2 MR B & qf S DR S SoL, Xt S8t Wi o B THER, SRR R AR N
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B 8 1IRIE QFVO XK 7"x7 ¥EGERIHRINHEEESLER

Figure 8 The minimal color pixel in color pixel block of size 7 using QFVO x7. (a) Color pixel block of size 7XT7;

(b) computational process of the minimal color pixel in color pixel block of size 7x7

B9 #A QFVO MXxEHEHHFER
Figure 9 Ordering results of vector data using QFVO. (a) Ordering result of color band in Figure 6 using QFVO; (b) the

maximal vector in Figure 7(a) using QFVO
TP TTECR L B R N T4 T):
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R QFVO HIHHE 7L, Rl sk — 7x7 B Zhh B N OB £ EERE. B 8(a) A

TxT BB EY, B 8(b) NE/NEOBRITELRE. BAMR <7 BOGERIMNEDNEOG RSN
q(32,36,21).

A QFVO EHXEMOLKH (K 6(a)) A 3D 2l (K 7(a) BT REHF, 453 wE 9 Fix.
Kl 9 R, FIH QFVO xR gk S i B gk AT HE 7, #;’é%ﬂ?Eﬁﬁkf%%%ﬁéih}\aﬁﬁﬁéaﬁ
qu llﬁﬁ%‘ THE 3D SO T AR AR % e EL A RRw MR, AN T 1] e G L 50 TR S IR

4 ET QFVO MRERTSEET
RO AT T HE X, — BRI RINEE 1, it n] URYE 2 OB 2522 501 (0 SO

\

862



TEEY FERY 43 BT

EXRBIEEFET. HhRGHESYHET I KBNS, © TE—5C8MEE D(R, QRCB)
M EG A B ARG f,g € T(R,QREB), | (VO RKREHITFHIE, <vo FTE VO Ky
N R EANT HAET):

1) 3 AR f <vo g = ¢(F) <vo ¥(g), WIFRAZH o SEIEH 1.

2) WAENE: WER [ (F)] = »(f), WIRRZEH: ¢ 245 .

3) FREME: QR f <vo ¢(f), WIFRARH o S ).

4) Ay etk R o (f) <vo f, MFKASHR ¢ AR &M,

BT BB ARBREANE S, Ng R AR ARk ) e L.

FOEUR T(R, QRCB), b AT, WAL TS b MEMR f 7 2 e R AR e X8

() (@) ={f(y): f(y) = Aqrvo [f (B)],t € b}, (16)

Hrr, Aqrvo BT RELREG R TR, FHL, vorvo RAK RERGR LR, thitf3 2R G MGa H 1
SE X

6 (f) (®) ={f (y): f (y) = Varvo [f (#)],t € bz} (17)

RS AN IR 5 L G 1, HR (B kit S A9 Rk, R (I L i et R S
B 2% (e, 2l B OMZIKAC B S MG & 250, Tl s LR O A S50, it
JE ot B Pl A5 i 4l S (T ) S, T K S B MR 1 26 3 9 7 ) FEE. A 10 B, B 10(a) b s
5. B 10(al)-(b8) AL & FAFR O TEA - WK 7B 55 (4itaocE b 12 M
3x3 WIS, p=0.5).
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Figure 10 Comparison results of various vector erosion and dilation operators. (a) Original color image; (al) VS erosion
[11]; (b1) VS dilation [11]; (a2) VSH erosion [12]; (b2) VSH dilation [12]; (a3) DRGB erosion [2]; (b3) DRGB dilation [2];
(a4) DLSH erosion [21]; (b4) DLSH dilation [21]; (a5) a1-MLEX erosion (o = 0.25) [24]; (b5) a-LEX dilation (o = 0.25)
[24];(a6) QPO erosion [1]; (b6) QPO dilation [1]; (a7) QPAPE erosion [1](QPO corresponds to Eq. (16), QPAPE corresponds

to Eq. (17)); (b7) QPAPE dilation [1](QPO corresponds to Eq. (16), QPAPE corresponds to Eq. (17)); (a8) The proposed
vector QFVO erosion; (b8) the proposed vector QFVO dilation
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Figure 11 Filtering results using various vector morphological filtering operators for color images corrupted by noise.
(a) Original color images; (b) noisy images; (c¢) VS; (d) VSH; (e) DRGB; (f) DLSH; (g) o-LEX(a = 0.25); (h) QPO;
(i) QPAPE; (j) QFVO
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Figure 12 Segmentation results of color images using different algorithms in various level noise(pseudo color). (a) Im-
ages added various level peppers and salt noise; (b) VS; (¢) VSH; (d) DRGB; (e) DLSH; (f) a-LEX(a=0.33); (g) QPO;
(h) QPAPE; (i) QFVO
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Figure 13 Comparison of CMSE, CPSNR and NCD of various vector morphological filtering operators for color images.
(a) CMSE; (b) CPSNR; (c) NCD
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Fuzzy vector morphological operators based on quaternion rep-
resentation

LEI Tao%?*, FAN YangYu! & WANG Yi!

1 School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2 School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710129, China
*E-mail: leitaoly@163.com

Abstract Classical morphological operators cannot be extended directly to color image processing. Therefore,
fuzzy vector morphological operators based on a quaternion representation are proposed in this paper. Using a
quaternion polar expression combined with its decomposition characteristics, the modulus, the vertical component
of the vector and the angular information of a color image are extracted, and they are used to construct the three
components for lexicographical ordering. On one hand, the novel three-color components remove the correlation
between the multi-channels data; on the other hand, the three components are ranked in the lexicographical
ordering facility. Fuzzy mathematics is therefore introduced to solve the problem where the computation cannot
be performed at deeper levels. Unlike the existing vector ordering, the new vector ordering takes the role of each
component into account, and the computation arrives at the last layer of the lexicographical ordering. Based
on a novel vector ordering rule, some new vector morphological operators are defined, and they are applied to
color image filtering and segmentation. Experimental results show that, when compared to the existing vector
morphological operators, the new vector morphological operators can smooth the image noise while preserving

the image detail, and color images can therefore be segmented correctly with high robustness and practicality.

Keywords quaternion, fuzzy vector morphological operators, vector ordering, lexicographical ordering, robust-
ness
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