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Binary Image Edge Detection Based on Spatially-Variant Mathematical Morphology

LI Xiao-lin QIU Wei-gen ZHANG Li-chen
(Computer Faculty of Guangdong University of Technology,Guangzhou 510006, China)

Abstract Based on spatially-variant mathematical morphology,a new image edge detection method was proposed in this
paper to meet needs of detecting binary image edge. The proposed method constructed by the spatially variant (SV)
structuring elements can achieve good adaptive effectiveness and keep the edge smoothness in the binary image edge de-
tection. The experimental results show that compared with the traditional edge detection operators, the algorithm has

the following distinct advantages: good performance of anti-noise, better real-time performance, easy to implement and a
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certain practicality and feasibility.

Keywords Spatially-Variant structuring element, Mathematical morphology, Binary image, Edge detection

1 5]

EUR 4 BUR O BARAE 05 T RIS B . 1%
AW i S B o P P4 B 4 T AE B R TP AT IR K OB, 301 %%
SRIE A S o AL, o R R T T B A
FRARZ—, BRTRR LB A e Mk £ B
PITFRZE . DEFHSE FRDLEAIE L, 510 Roberts B
T Prewitt BFEE, 12 11452 KB R 100 5 B — W §
B AR I St B A BB T A
GARBUSCR 2 A BURIT B3 & R B o ) BB B %
R 3 R A 53 16 6 R B S8 O 4 00D Bl B 44 B R
LSBT B, , K MR VB LA AT [ R R RIS
B N A TC A RUE LB B, B TR R TR — S —
BT, ISRA T A B A A T, S — e

BF FRE TR R, FX 0 EF D G T — 5
FEEA —E . CROER L FORERSLETRT
BRI L G000 o BB — R i, (R T AR
AR R B TR 2 B Rk, SCRR(6 BB K
SR T — T Ostu BE 48 A1 SO TE 22 i IR 1R
PEATBTE R R B R/ ST R R S

m}

AXZEERERBEESTE (61173046 %8 .

Mo

AICHR M —FE T Spatially-Variant $2iE &2 8 B &
BGAPEE . ZEEREER R S T — T E
BARLIEHITT, ARSI T AR S0l
BT REIT R HE B RO A SR IR R &K
Ve, SERAZBNE FHXTLERSEREY, ZEE
AT R PRSP REEF  BER B, SCRHAELT
A A BRI 4 5 LB, P ARB B I L B MRR «

2 BERSSEARER

2.1 BAYFREE

BT ASEAE 1970s (7 Matheron #1 Serra $H , FI 4
A LA L BRSO B RS R— TR AW B
BAEBEAR ., BEEREE AN EXBE K B TR
i BE BN R R T AT R 45 H  TT LASE 3R IR i) B 44k
AR, R BT EG ST AR B, 28RBS ¥T
BMEFA R DA IR E AR, AR T

A A B WL O BA N SEE T RANB A B,

B SRR RE RE R NES, AT T

BAL A HEREER. 4 E=R,P(EX ENEE, _H

RN (1987 ), %, AR b4, TEMEF A A T B GHEHLEE E R, E-mail. lixiaolind720@163. com; BB B4R (1968—), B , 8+, # ¥, M+
H S0, R RIS AT 8 IS B M BV B T B (1962—), B, 184, 8042, B - A S, FERFE T [ M IRA R

YR
- 292 -



B g(z, AT LIE AR E T4, BEE {(w,v) €EE|g(u,
W=1}€PE), B z=(x1,2)EE, y=(n,»)EE,id x
+y=(ti+ym, s +3)EE,—x=(~z1,—x), % BEP
(E),z€ E, U] BHXTF = B FHILH : B+a={b+z1b€ B};

B4 BRI SHEN : B=(—b|b€ B}, AL TRHK b . FF
BAAGEEE N

EX 1 #ABEPE),A¥ B EEKSBMHIMNEX
H:

A@®B=U{A+b|bEB} (EKED

A®B=N{A—b|bEB} (EhizE D

EX2 #ABEPE),BXAKITTREEMAGEE
ST A-BFA - BERR,HEL5HH:

A-B=(AGBYD B FFREH

A-B=(A®BGB (H&iEH)

X4 NEEEREAR B, R MEEEEAY ki,
I EE AR RY K, RS ok B A ERE, BRA N
BAEN,

2.2 Spatially-Variant #1355

HEEGMBEERSEH T HE S0P B AEER—1
WEEAER. B2, MBAEHERABRERENEHE
BAEER, RSt EEAEREREEAEN, ME
£ UL BT 7E o0 B A B Ak RS RS R SR RIE (Bl 6238 . 52
FOM%, B TR R BB I B S MBS, H P8Itk
B AL B, RN Spatially-Varian(SVFERZES . H
B, SVEEBEAHIG O AR T ZHA, i BgE .
BB ELEERT %, XTELH Spatially-Variant F#TE A
0] USE L 10,11],

Bouaynaya % 1 BT B9 SCRRUOV A T — A HedR £ A9
SV _EHEER¥E L, HERZEME SV EM. SV @
.SV I .SVHASSE, Kbz BN kX 4 EREZHEAHE
ik, iC SVE&M TSt 0. E—P(E),SV &Mt 0 g
¢ . E>P(E),f () ={2€E|y€0(»)},yEE, S TEHES
#,{18& vEE, X y)=B+y, H¥ B g,

EX ISV EEBE SEkEE) B 0 NG
&%, W Spatially-Variant FEMZR e FEHKER d0 2 BE X
H:FHER X€ PE),

& (X)={z€E|0(xZX} (SV@Emizs)

HXD=E|F(DNXED) (SVEKEE

HEMEe SV _HES2BE T HXIBWMNEEN SV E
A SV K ASE THARI, XHHAH SVHEEM
SV IREEE L.

EX 4SSV RAZEESHEE) ) 0SS, U
Spatially-Variant JFia®. 7% FIH B8 ¢ 4rHE L R XHTE
XePE),

Y (XD =08 (e (X))

@ (XD =g (& (X

3 MEEIE R

3.1 SV SEHMTHIEE
ZHITEREESETREENHRB Y ERBES

(SV FiBieg)
(SV &g

FABA RS EOUERE R ERNER, SHoTEESE
5%, S HEREERESFAEMER. WkTR TS
FRSRSERF iR NhSERE—R, $/h2EN %
MR, R KR T B4 7T B AL 1 B B A W 2
MEAERB D, W/NREE RS TTAT LR # AR50 % 4075
B RMREE B .

BB EE S R B — ST, K EEHIT
SRR T AL AR B 9 B 5 RIS, T AL B R R B 2.
FXRABEBRMU BRI SV EHWTREG . HTAXH
AL B AR P R S5 A T N R S AT » BRI
TR AERE, HETE. S ERARRERSHEEL
G5HyoL, & —FI R R ERE R BB KT 454 T
HATAZAET, AR WA 1 FR.

EEEEEEER
ENERNEERDN
EEREEREN
inpnnnni

Bl AXSHTEs

3.2 MGBENETF

AN SV BEE RGN ARG A%, R
ANBEG R F s KRR, WA By — ARG, B
BAEXHEEWMEHTHEEN ., 2EEEAEL T —REE
MEHTT B, R EEL T REHTREE AR ABRETAR
RHEMTHREESEHENERE M4 RE X SV B,
B FER A SEEAEE T A H NI EGRETLE, &
ERBAERN%.
3.2.1 ##Marl

B ABGAZRIRE M IM, N, M R B4R 5E &
FIATH N R ERAERERFIE B B Y O, BB a¥iE
BRENZIAE N LETHIRFHEER OMBEE. B
BOIEAE B ES O, DAL RRE M, AL SV itk
FEX R,

Bk, 1) =strel (ectangle’s[ By B,
Hh 478 By = floor(k/30)+3 FIFI#L B, = floor (1/30)+
3. H SV EBCEESFRBETT M, EHWIT B, DL &
X Ok, DAL R EBER BRI, 8L B, DI PO B L
#1531,

#£1 OG,DLEEWITT Bk, DH.LALE

e

B (0,0) B,

By

L A BIIFCHEE B, =B./2; B W, B. = (B, — 1)/
2,Bi=B,—B,—1;% B R H N RH, B.=B:/2; &N, B
=(B—1/2,B,=B,—B;—1,

3.2.2 #HHAEMEHd
WML B, DTLE N BYABIR 1 5317, HHE S
+ 293 -






2 % X u

(1] #EAL, % BB aaE SEGEEIM. L. HE R AR
#t,2009:157-162

(2] W BH4EPHEHMNEETRERT]. PRBERF L,
2011,4,131-149

[3] W¥IM,%. EShsearsEE] B8], 2010, 28
(20):112-117

(4] ZK. % ETHEESENBGHSENE NPT HE
BB, 2012,6:546-548

[5] Bx4 —FEFHREESFHNRGAERN T ] TR
REFREA,2010,8,93-96

(6] BRBER, % RASEMTEERNES S DERMFES:T].
HHENTRER A, 2012

(7] hakF, Rk, XUBEFA. 2 F Bk /8 bhis 5 i 22 R4 B G R AL

T gk B Hop FARRE [T ], HHEHLER . 2005, 28(6) : 985-990

[8] Roerdink J B T M. Adaptivity and Group Invariance in Mathe-
matical Morphology[ C]/IEEE ICIP 2009. 2009:2253-2256

[9] Bouaynaya N, Charif-Chefchaouni M, Schonfeld D. Spatially va-
riant morphological restoration and skeleton representation[ ] ].
IEEE Transactions on Image Processing, 2006, 15(11); 3579-
3591

[107] Bouaynaya N, Charif-Chefchaouni M, Schonfeld D. Theoretical
foundations of Spatially-Variant mathematical morphology-Part
1;Binary images[ J]. IEEE Trans. Pattern Anal. Mach. Intell. ,
2008,30(5):823-836

[11] Bouaynaya N, Charif-Chefchaouni M, Schonfeld D. Theoretical
foundations of Spatially-Variant mathematical morphology-Part
11;: Gray-level images[ J]. IEEE Trans, Pattern Anal. Mach. In-
tell, , 2008,30(5) : 837-850

(L&F 280 )

WIS, EXETRAEFNREARXE T E.
MTEREF, WEABIFEESZETRER, WRF
WA R RSN 1, AR 05 2, WAER 1,

3 MHXILXBERRSH

RS 2 9 B/ B W B3t ) GBP-Pruning BY A48 Y 3
%, FIFS sheffield 1% 8 ¥ T B 46, 7£ MATLAB 3R {41 %
B, EURETREFEERAAN BP S MENEER, Al
HEXT BYBHE R B B ol B S IR 218 , iERR 9 GBP-
Pruning B 5 IR W HNE B A BTt /. SSass
R 5.8 6 iR,

Best Training Performance is

Best Training Performance is
00042887 at epoch 5

00064264 at epoch 5

g

10°

!
2

Mean Squared Error(mse)
s
u/

Mean Squared Error(mse)

o

o
=)
@

10

3| 1
0 05 1 15 2 25 3 35 4 45

0 05 1 15 2 25 3 45 4 45 5
Epochs 5 Epochs

5 FEVUERMEENGRE B MAREMRESHRE
HHZR 2%

A 5.7 6 Fin, AR BR R B IR 2, B AR R AR
BTV B 5 SRR ECH 4. 4 ISR R BRE R, B
6 TEIEARKBH 4. 1 BHAB| LW EARG R . R TR MR
REHT -

L. fE FABEDUBLE RN R

A A B 5 2R -

PEAE AR 7 BR 22 . 0. 67067

YA 7 HiR 2 . 0. 90895

Warning: NEWFF used in an obsolete way.

>In obs_use at 18

In newff >>create_network at 127
In newff at 102

In callbackfun at 29
See help for NEWFF to update ca

2. i R AL AL AL AN B 1

P A BB 45 57«

BRAREA R HIR2E (0. 37476

VHEAB I EiR2E:0. 6371

L AR AT LAE Y, SR B0 Y BP 428 ) 2% BY A BB i A
R BEE R A B IR 2 H 0 0. 67, B #E /5 #9 GBP-Pruning
BRI R B A AR R 0. 37, B ER
T EEFRTLIE Y, GBP-Pruning B —E R F IER
) BP M2 M4 B BBk FE A R B 0 B A BT R, B
BUAEMBERBB TERMBUHS R, 18 TR A K B
B,

HRIE AIRMETREFEYGER BP &M%
WEEY:, RECEWEMIRPERINER -, AT REE
EITR HE T PE , R R e AR M IR BT BB B 19 BP M2 M 4%
YA BY A 1k X OB R AT )R BY AL B, I 7E M B B A
EBIABEE R HAA T, A HAUE , W TT#E — 201 5
TSR TG R, B kL SR, BB ESIE
AT ZREERNIERE. T—284id GBP-Pruning B
3o PO A 9 4 A 0 A s P K B T R AT 3 — 2B B R
VIR A F e bR ol = =4k |

2 XM

(1] Em2,Am4e, % SEeE SR &N AIM]. 4t
BB AR, 2005

(2] #pigdd, THRE, 240, %. HiEsmERESERM]. Jbs: B
2 RRAL. 2009

[3] #ers. PSRRI BIRT A LB [)]). PH R 25 @ A 2E 3, 2005, 2
(40) :44-48

(4] F/NFE, B0 @ EEE-0 AT RASIIM]. %,/
B A0E KA R, 2002

(5] B REWERAEERRBRFIRRRENRAMRELID].
BB /MK, 2013

* 295 o



