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Fuzzy mathematical morphology edge detection method derived from general
overlap functions

WANG Juntao', HUANG Qiang’
(1. School of Science, Xi’an Shiyou University, Xi’an 710065, Shaanxi, China; 2. School of Computer Science, Xi’an Shiyou
University, Xi’an 710065, Shaanxi, China)

Abstract: Two types of fuzzy mathematical morphology operators are constructed based on the general overlap function, and the
corresponding fuzzy mathematical morphological edge detection methods are proposed, which are successfully applied to image edge
extraction. Based on the general overlap functions and their corresponding residuated implications, two types of fuzzy mathematical
morphological operators, including fuzzy erosion and fuzzy dilation, are constructed, respectively, and their related algebraic
properties are studied. A new fuzzy mathematical morphological edge detection method is proposed by combining the fuzzy clustering
method with the fuzzy erosion and fuzzy dilation. This edge detection method is wider than that of the edge detection method of the
triangular norms and the classical conjuction, and the experimental results show that the noise introduction rate can be effectively
reduced under the premise of extracting the edge of the complete image as much as possible.

Key words: general overlap function; residuated implication; fuzzy mathematical morphology ; image edge detection and extraction
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FEAR A B R R A SR EOA S R RN SR 25 TR ( ST A 2R ) A SR 28R S Y O Tk
Zz—

BRI IR T IS UK TR AS 2, 20 T A8 R AL 3 42 BUEHR AT AR BRAE
Serra IR TH TR AR R HIECH A7 3RS A I ok BZ K TR, o I 2 RE Ak 1 F 5
FROE T ISR SERN , Bloch % & RECHE A RLER , MATBUAE S E I KR SRA I BUHE
AP Z R T G AL AR, il G 5 038 LSS oA | T ELE BT e p bRk A Bs
AR SRR AR T UG A AL BRAEAE R A B (RO L) 2 PG A v (R R
D R BRI 5 | AR h . Sinha 4515 5 SR BOM BE 5| ABC# RS2 G, BVBORI BA B 652
PG B 5 & 265 128 I 5 i B SR R 32 TR 12 AR JE UM JE Dl RISOR 2 ik , S 15 4k
S AR T SRRSO 258 7T B BRI T — B RO AR B AL B SE s De Baets 5511 @7 1 BTHIRU L 25
A BB AE SR R0 T REMIE 85 001 RO AR TR B JR I R M SR DG B, S S RH [l P A HiL 4
AT ENEILER RN T 8T T . BEE LA I HOCHIE IR AN TR A TR SR 1Y K- (50 | RV
RIS UG AL B S BG4, RER AR

PGt Zx B U PG A BRI S LA 5 U b A — NI E 0 B SR BOR T TG I Al [ 5 i i 25 A
AR EATAT R 0 BT RN S H ARSI B R Y 42 ML 1k 32 5 Canny | Prewitt | Laplacian . Sobel , Roberts - i
Nachtegael %5 4 1 T BOMI KA A5 28 7 i 3 UK % 1 311 2445 8., Gonzdlez-Hidalgo %57 L F B H =
RIS TR A I 25 R VR, GG SRV AL RS AN AN AR R 25 R P {5 i Sk A B
FIMEFS Y8 /N2 5, 5 umbra J5 9k FIESE Bukasiewicz — fRURBIEE XS I, = MBS &8 IR EGE R
I iz SR R (R AR S BRI ST v, I H R A DR B0 e (R 25 5 e s A ny S22 R Tl
B I =BT E BRI IE 25 B RS PR R A R BB/ S A B SCRR [ 18-20 | ik 7 7 455 bR BSRA) 3 1SEH £
P FR T IPA S RO R R T 5 A MR 3D 13 GG N 3

(B ERAG BIF 5 T S ARSI e RASRYA JE o B 1) o 75 R BSOS TAR) 280 TR A ) LR A 0T, B R B 1 TS
BRI SORASNSA 25038 1) 1B ST R, S U5 B0 4 DR IBRAN DR, 1 00 S 56 3 s v 1 SR - b BSORBSORY 26 TR R M B[]
INF IS 0 S 56 3 R AN SR A R AL PR A S22 R, AR SCHIFSE i T — o e eR AU 25 5 RO SR IS AU RER 2y
TEA2- KM (general overlap function-based fuzzy mathematical morphology for edge detection with fuzzy
c-means clustering, GFCM) J5 &, #@X% N IOBORI S A B A2 kel Ui, 5 EA MR TAEM L, A8 S iy
(E L PBL ot rp s L S B i g S R7 N YA E RN s A S AN S

1 P& fniR

EX AT ZIRREL C:[ 0,117 0, 1R BT & BGE W 2 AT 444
(1) Vx,y,ze[0,1], 4 x<y W, f C(x,2) <C(y,2), C(z,x) <C(z,y),
(2) €(0,0)=C(1,0)=C(0,1)=0,
(3) C(1,1)=1,
EX 2P Tt G 0,117 [0, 1] FRA— B S pRBCE A LR &40
(1) G(x,y)=G(y,x),
(2) # xy=0,01 G(x,y)=0,
(3) Hxy=1,0 G(x,y)=1,
(4) G XTWAA R IEAREINN
(5) G ZEBELLT,
— B B PR G FR O IR B TR G(1,x) =x,
WNTEAF B, A S ) — i E B PR A J I A A — B TR e iR R
Bl 1 —fES KA 5 AT
2xy
:1+xy’

3xy-0.1
2.9

1
G2=«3/x2y2, G3=sin(%xy), G4=?log2(3xy+1), G;=max (0,
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EX 3 IR T (0,177 -0, 11 FRN = MR 2 LR 400

(1) T2,

(2) Tr&nl 24y,

(3) THREETHE,

(4) T(1,x)=x,

EX 41 ZICeRET:[0,117 [0, 1] RO Z0 02510 2 LA T 448

(1) HBx<sy®f, HI(x,2)=I1(y,2), I(z,x) <I(z,y),

(2) 1(0,0)=1(0,1)=1I(1,1)=1,

(3) 1(1,0)=0,

EE 1Y & CONBMIAI, & L ITRE,
I.=sup{re[0,1]1C(x,t) <y},

AL C(1,x) =0, UFK 1. BRI I C 75 AORR AL . R0, 72 SR SO & B0 T RO 4 2
R A 20 T L 25 TR A

C(x,y)<zH¥HNHy<I.(x,2),
B2 BT 1S A—BES R X1, IR B 1 nTsR AR TR A 2

y + 15 2arcsin y .
x(2-y)’ e, L, HiAth, mx e,
6= 1 2 lo,=1 x lo,= ™

1 ) —>—-1 ) 1 R x<y]-5 , 1 , sin —<y,

Xy 2

2y _ ,
L e, e
X
1. = 1. =

: 1 i] (3x+1)< - 1 ‘>2.9y+1

’ 2 ng X y9 9 )/ 3)C o

1 1 FP A — i A RO AT LA S IO TR AR 2R IR, LI AR (G, 1) I — R & R AL G BRIAR X

EX 5 AR —[0,1], B:R"—[0,1],C ABRIE I, T BORIZE T, AR I i A0 Ik 55

A

E(A.B)(p)= inf I(B(q).A(p=q)),
D(A,B)(p)=1§;1£ C(B(q) ,A(p-q))-

s p FoR B it IZRKIZ T T R K L (B F AR AL , g D IR GO0 I T3 H AR 07 5 1) K E 45 44
JLR TN Z 5 bR 5 p i

FETF 8 S R T (A RSORN JEE T RT B2 K B3, SCHR [ 161 25 10 17 L AH O 1) RIS G ki 502
Bk 1Y BB SR R SR
BN KEEG A, 450K B,
Wl L ERA
e, . A
(1) KEEEI1R A @%ﬁﬂﬂaymem;
(2) IE A BEE T E(A,B) ISRk D(A,B) ;
(3) 193 A WKEHNZ:A"<—D(A,B)\E(A,B);
(4) ¥ A" ZEWILF A1k 15 B R & 0 (HN L EIURA |
SCHR[ 17 ] 36 F = MBI R X (T, 1,) ¥ T BORIRZ KR ol 38, T4 1 T 2T = A BOM 58

A2 AN T2 ( T-norms based fuzzy mathematical morphology edge extraction algorithm, TFMM) ,
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B PRERAY 3 Sk R M T L3 AR A B B, 3 R 3 A S — i B S oK BB A T G b O A W) A 3
s, FEEMBGH RN 5 73 AR U, REAS SRS B b BT AR & Rl 1 B 42 6 R X R AR SO — i 5 & o
G MFIRN (G, 1) MBI 2 A i E 2R
EX 6 #A:R*—[0,1], B:R*>[0,1],%2f(B)={B(q)#3} CR*, (G,I,) N—EZRE G *I
N7 (AR A% DUIARSOR IS b S5 BSOR R ik e SR
E, (A,B) (p)=qgi;1(1;> 1,(B(q),A(p-q)),
D;(A,B) (p)=q§>1<g)G(B(q) A(p=q)) -
E 18 SS TIFBA TAR B SRA ASO R  RVRSOR JE Tl A RSORY G EBCRIASE R 2 e 2 TR AR, T L 6
H (R RSTAN 28 1o 2 3 2 — W S PR EIOS FR R TR, R L 5,6 AR BT X i)
Bl 3 WE 1 R ,A, R KRR (EERIL) 450 B, B4 5 = I I .

09 09 09 0.5 05 05
B'=109 1 09|, B,={05 06 05|,
09 09 09 0.5 05 0.5

MEEFICR B AP OSE 1A, B 0.03 S4BT K S (TR0 6 o 5 AR 2 K G 55
2, LA AR K )
Dy(A,,B)(p)= sup Dy(B'\(q), A (p-q))

qef(B'y)
0.9 0.9 0.9) (0.88 0.95 0.42
= sup DG[{OQ 1 0.9},(0.25 0.03 o.mﬂ
{09 0.9 09) 044 0.12 0.99
D.(0.9,0.88) D.(0.9,0.95) D.(0.9,0.42)
= sup | Dg(0.9,0.25)  Dy(1,0.03)  D,(0.9,0.60) | .

q<f(BY)

D,(0.9,0.44) D,(0.9,0.12) D,(0.9,0.99)
MEMR A 5 B R LEERN, LITH A 5 B ESMH,

BT BENLAE R IRIERIR A,

Fig.1 Randomly generated gray scale image
EH2 LA A, NKEKE, BB, FKEFERITTR (d=1,2,,k), (G,1;) h—BEZERE G 197
RN DU RSERH IEZ K T FES e 3573k . T A
(1) Dg KT 2 4RI
(2) E, (UETH 1 Al

k k k k
(3) DG(dL:JIAdaB):dL;JIDG(AdaB) ’ DG<A5dL:Jle):dL:JlDG(A,Bd) ’

(4) E,(NA,.B)= NE,(4,.B). E (A, UB)= NE, (4.B,).
MR UEWISSCHR 16 ] il 37 2640, IEWImE
B4 mE2FR,A, FLA, SOUREIEEA R BRI RS b A, KRR 127) o BRI A,
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HGAR B (GHICEN B RIRX N (G, 1) ) BE MUS  fEL5E L PG B I RE T e, AR 2 ik DU A
B BRI K SRR AR 22 )59 51 A, BIZAE B BB A A, A LA iz 590 i B 1R
(IR, ARSeA 22 T0EA B A, B GAR B A BRES TR N B BT OO B0 445 .

13 > b '
(a) KEEKRA, (c) E(4,,B]) (d) D(4,,B))

/..\

(f) E(4,,B)) (8) D(4,,B)
o . .
\_ (i) E(4,,B,) (j) D(4,,B))

K2 T 6 BEIGGAS I  7
Fig.2 Demonstration of image edge detection using the operators defined in definition 6
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NG, RFRINDEATE . N T BORRREERINEI K BE PGSR I i G5 L, A 3% iof i A 230 8
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ARSCR IR C {H (fuzzy C-means, FCM) 53X FEMGAAR L HEA 1438, FCM B0 5@ id (AL F A7 o
TR AR (B S —1) BISRIREE , FCM 5535 O ROR SR Jm AL LA SE R 2R 28 07 1k RE A8 T 4 3 36
JRBERIANEGSETE , TR 73 TR F ARS8 57 . 8 SRR SRS 1) FU AR el
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i=1 j=1
M AREPO N DREREAR s, FoRE j A e, B i DR PO RD
N
Zﬂfjsj
j=1
ci: ’ N ’ (2)
2
M
L p MK s, KT e, RIBRE, p,€[0,1] HifE Z m;=1, 00
i=1
1
M= M s —c ”2 70 (3)
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1; [llsj—cz [ zj
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— RIS, AFF e S G AR BRI, 7R RSPl s JEREAR U B AR B, 8 X &
u v Z(u,v 3 u v Z(u,v 3
s:(l/’V’ gss)je[o’”" cz(U’v” gss)je[o’l]’
K. s HE—ALJGRBEAR, UV 4351378 K B FUS B e R, Z Cuyv) B8 u 17,55 v 5 BT fe B AR (9 K
H,c TR u 7,5 v 3, KEEN Z(u,v) BEREFL,
Bk 2 THEUIERIA IR ER o B
BN KERG A, BRI E m BB w, BB a,
B KERGR A SEER A,
(1) ML A 55 A, T IRKBERIR A (IR A S=(s,,8,,,8,.) , ISR S =1,
(2) MiVLRItR ¢, i=1,2,-,a;
(3) M= (2) BB R
(4) MRHE=C(3) BRIy
(5) TH5 BhReRE T WME, 27 T>w, h<m, WPSRTEARKEL h A3G 1, FEBREE TR (3) , B IMBKEL L BR (6)
(6) TR ARIBENE ¢ M (g=1,2, -, a) BISHO 0 FT A 1M B AR A IF 430 K BE 18 A
255g
a 5
(7) AR LA BT R B8R 4 % R A, % 1 R A8 HE e 45 3] 20 1 45 3 AT AW & S & 00 H AR
0, 515 Bso
THE 3 BA,BWIHIKERGRIKESMICE, (G,1,) BT — M ER SR G R A%, W
(1) Yp, p~q€f(B) % A(p-q)=0,M D,(A,B) (p)=0,
(2) dp, q, (p—q) €f(B),
(i) #B(g)=1HA(p-¢)=1,MD,(A,B)(p)=1,
(ii) # B(¢)=1HA(p-¢)=0,WE,_(A,B)(p)=0,
(iii) # B(q)=08.A(p-q)=0, D,(A,B)(p)=0,
IERR  TEW] S SCER] 18 ) E B 3 2L, TiEWINE
EE 4 WIKEEIR A MZHICE B I, A(B) EH4E,G H—HES RN Y g R,
DG(A,B)(p)=;g%;G(B(q),A<p—q))o
ERR  GERHS SCHR[ 18 ] H B 4 A TERHZEARL, UE PR
YEREHE 4 i) 45380 T T E — B Zhie
EES &A LA, SAHIKEEIR, B AKEEMICER,G H—BESRE, D, (A,B) B K, U
Ye>0, 36,4

A, (r)-A,(r)I<8(VreR?),
/[ TND SN A
ID;(A,,B)(p)-Ds(A,,B)(p)lse(Vpe R*),

IERA  GEM] 5 OCHR] 16 ] hE BE 5 A UEBARSE L

ASCHE TR GFCM B33 iX Fh Bk D) FCM SR 264E Ry TAL UL 3R 15 5 4 I EUR y B AR L 5t 75
I3 S AN [R) 45 K5 TC 2R 53 SR AN [] 1) DX G 2, IS Al RE B B30 5 2 1) IRUR il 2%

B/ 3 GFCM EURIAZ A A

N KEEB A, KELZHTTR B, B,

wil A% ER A

(1) RIERIG A BERIE A —

(2) PATEEIE 2 4y FIEE 3 A8 2K B2 R A 1 B bR 0, 5715 5t B
(3) 1 B,(L(0,0)) €0, W HERIEM E, (A,B,) SERPIK D,(A,B,) ;
(4) 2 B,(L(0,0)) €B, it BMIEM E, (A,B,) SEMIZIK D,(A,B,) ;

A
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=Dc(A ,B,) \EIG<A B,);

0 dge
(5) St FARFE S IR A 2 R ©
DG(A,Bz> \EIG(AaBz) 5

Bedge =
(6) HEH IR NS A =0, UB.y.;
(7) Xt A" BAE Ak, 5514

3 Bl LA L
31 ZRPESHIES

3 R T S R AR R, R TS AS SO B A PERE , SEIORE AR SCATHE B GFCM Bk 5 E A
.75 Canny Sobel  Laplacian  Prewitt . Roberts F1 TEMM ") 311 6 ) 8Bk 47 % He

| mmmmsntig |

B A2 fiab i

| Roberts H TFMMH 2 | | GFCMHA

\Canny | |Sobel | | Laplacian | |Prewitt

K3 Ses A

Fig.3 Flow chart of experiment
SR B AP BRANT
(1) PEFEANIET 4 Fr7s i 0 32 RIS AG I 320 25 5
(2) AL RE B P R BT R RGN 55
(3) BEERHARIBAUE m=10,FACHME w=10" , BLEH.LH0R a=10;
(4) BEPLBIIGALRIE T Loe,, =1, 04,105
(5) MHE~(2) B Fm
(6) MIGA(3) HHRE O,
(7) HIERAWRLAL AT, %Iﬁﬁﬂl’]iﬁ_tﬂﬁ%,%‘ﬁlﬂ%ﬁi%ﬁ;
(8) R WKL EIS H AR5 5 7 H4G
(9) MRHEIRISEEIR AP H X B, XA I‘JD)&@FHT CIESEST tabve o VA R R Vg s 1) 2
(10) #HEKEZHZ KA
(11) B BE L 4 R —fEAS Bl R A R L 4 8
(12) K452 BRI a5 HAR A PN TARER K302k (ground truth, GT) JEATXT HE;
(13) IFXT L SE g, 159 2 SE 45 R

=
=
=
4
:

]

(a) river (b) bird (c) marina (d) cabin (e) door
K4 gt g

Fig.4 Test images used in the experiments
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32 KBER

TR S 2 B A N v B VP AL 3k B0 vE A 43 ) BCHE 4E ( Berkeley segmentation data set and
Benchmark 500, BSDS500) 525, 1 oA fb 5 4 1 HEATROMI R 2 St LRG3 31, 95 B B AR 575 5t
SZERANE 5 R B R EAE A8 R e, e B 2 5 A, A IR RS R B X R G B R
GFCM 8.1 1 T UG h B4R B 45 18] 6 i , TEMM B8 gkl i) B G h 2 245 B n 18 7 o, 18 8—12 h
28 M UG h e T Sk i 45

(a) riverf) Bin 55 5 (b) bird® HFr5F 5 (c) marinaf Hir5HF 5 (d) cabinf HFR 5% (e) doory HAR S5 H
E5 Ak 2 B30 EFR-T 5 AR R

Fig.5 Object-background binarization results stitching image obtained by algorithm 2

(a) river (b) bir;i (c) marina (d) cabin (e) door

K6 GFCM Hik ) G i 4
Fig.6 Image edge detection results using GFCM algorithm

(a) river ) (b) bird ’ (c) marina (d) abin (e) door

K7 TEMM Rk RIS A 25
Fig.7 Image edge detection results using TFMM algorithm

(a) river o (b) bird ] (c) marina (d) cabin (e) door
8  Canny F3% [RAGIN 31 25 45 S

Fig.8 Image edge detection results using Canny algorithm
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(a) river o (b) bird ‘ (c) marina (d) cabin ) 7 ] (e) door
€l 9 Roberts B BRI 1 25 R

Fig.9 Image edge detection results using Roberts algorithm

= " Wy P O 7 SO
(a) river (b) bird (c) marina (d) cabin (e) door

10  Laplacian 583 ARG I 11 25 2%
Fig.10 Image edge detection results using Laplacian algorithm

(a) river (b) bird ‘ (c) marina (d) cabin (e) door

Bl 11 Prewitt 53 ARG 10 2% 45
Fig.11 Image edge detection results using Prewitt algorithm

(a) river (b) bird . (c) marina (d) cabin - (e) door
Bl 12 Sobel 53k (i AG M 141 4 4
Fig.12 Image edge detection results using Sobel algorithm
TEZMNGAGINTTE T, BAR Canny 10 GG I 506 L AT RERE G 5| AME RS | (4535070 FLIA SR AR 2]
Roberts 5317 (a) I 1 XG5, HAR B S AGHI 375 AR AN B30 G A5 8, (ELER T 0 SO 255 T Uk,
FIAT R MR A A AG I 25 2R b i G S5 R PR R 2%, ME LUMERA X > FLSS i G B S . T TEMML 33038 5
GFCM FIA e N BT 245 B[R, d R T
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33 HEEXifH
BSDS500 4L A1 & S i % L & GT, BV GT /B R SCh A K I 192 18RI STk [ 17 ] 9385036 b
PRFE—30, MRS B R POATA B R S AU RCR S 0%
T,
Pzﬁ, (4)
X T, FORBLIEFIRA 0 B S5 F 50, F, (R SR R R bRiC M 2 BUR . P i
R S5 5 R S REA T o 2 /0 2 Bl % VR IR G A DU A T Af 12 o
PSS
T,
M rer,
Ko Fy, F8 ESEGAR R ARBATIN H A E5 | R e B0 5 0k A3 T G I %) 61 R Ry 0 %) 7 55 R
P R YT VPASG UG A i) M RE , A7 B0 25 18 2 il BUALVA DAL (4 T | T F ( F-Score ) /E ARG 1 %
FAS [ R R AT 24085, T3 5 T IPAl EHRh S B g 7, B

2PXR
F=——, (6)
P+R

24 F ORI ARSI 2 5 1 2k (4 RS BE AR AR, X TR TR A O TR 2R LR ) EIHR F AR FEAT R 22
St X2 T AR G A AR B T SR

TESL GG I AT 55 Ffr | WP 2 PR 100 G ARG v AN ] b S 4, T e AR PR P 1 5 | AL i A 0 1 — AT
5 WA GIARN

(5)

7’: nDlSeO (7)

S, AR FIA B IR, S F7m K BE G THAR . WP 5| AR R IR 51 1 5 — b
1 H02E TS T TEMM 581 = AR SRR TR XT (T, 1) o
R ZABRRIAX(T,1,)

Table 1 Pairs (7,I,) of triangle norms

=M P AR 2
T,=min(x,y) ITl=min(1,y)
AN
T,=xy ,n:{x, S
1, y>x
T, =max(0,x+y-1) I, :{y+1—x x=y
; 3 (1, x<y
T,=max(x"*+y*’-1,0)? qumin(l,(ﬁ—ﬁﬂf)

GFCM Bk i 42 B R0 F R 5] AR5 m e 2—3 fin, 3% 4—5 4 TRMM Bk F 5k
PRI PIRBO A AL 2 G AUk i Y5 2 Ml Z A I ( DL P 8—12) Bk b AT Xy e A9 3] 1
%% 6_70

#*2 GFCM H ki ZAail F
Table 2 Edge detection F of GFCM algorithm

)4 %) river bird marina cabin door
(G,I) 0.370 0 0.260 0 0.3400 0.2800 0.350 0
(G,,1g,) 0.360 0 0.2700 0.3200 0.2800 0.3100
(Gs.1g,) 0.3800 0.2500 0.3700 0.2400 0.300 0
(G,.Ig,) 0.3800 0.270 0 0.3200 0.2800 0.3100

GFCM Bk FSF-341E 0.372 5 0.2625 0.337 5 0.2700 0.3175
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#* 3 GFCM Bk ryIL A s o] AR

Table 3 Edge detection noise introduction rate of GFCM algorithm BN %
) 4%} river bird marina cabin door
(Gy.1g)) 0.72 1.17 0.65 1.22 0.74
(G,,1g,) 0.59 2.60 0.70 1.48 1.02
(Gy.1g,) 1.83 1.25 0.42 1.45 1.30
(Gy.1g,) 0.52 1.26 0.63 1.42 0.84
GFCM S35 I W75 5| \RTP-34{H 0.92 1.57 0.60 1.39 0.98

#* 4 TEMM F kRGN F
Table 4 Edge detection F of TFMM algorithm

) 4%} river bird marina cabin door

(T,,1) 0.39 0.28 0.33 0.28 0.31
(T,,1;)) 0.35 0.24 0.32 0.28 0.33
(T5,17) 0.40 0.23 0.35 0.26 0.30
(Ty,1p,) 0.42 0.29 0.33 0.28 0.32
TFMM k1 FSE{A 0.39 0.26 0.33 0.28 0.32

#5 TFMM Bk B GRS 5] AR
Table 5 Edge detection noise introduction rate of TFMM algorithm BT . %

B 0) river bird marina cabin door

(T,,1Ir) 1.65 1.80 0.99 1.39 1.61
(T;.1;,) 1.34 1.86 0.94 1.37 1.56
(T5,1r,) 1.29 2.06 1.05 1.68 3.07
(Ty.Ir,) 1.22 1.89 1.02 1.47 2.34
GFCM &3 [ 75 5 | A SRS 5948 1.38 1.90 1.00 1.48 2.15

#o6 NGKMITIEN F

Table 6 Distribution of f1-scores for edge detection method

R river bird marina cabin door
Canny 0.26 0.16 0.21 0.22 0.23
Roberts 0.29 0.23 0.26 0.19 0.25

Laplacian 0.37 0.24 0.29 0.22 0.27
Prewitt 0.34 0.23 0.30 0.24 0.30

Sobel 0.30 0.21 0.32 0.25 0.26
TFMM 0.39 0.26 0.33 0.28 0.32
GFCM 0.37 0.26 0.34 0.27 0.32

T DGR T EME AR
Table 7 Distribution of noise introduction rates for edge detection method PN . %

R river bird marina cabin door
Canny 2.51 0.99 2.10 4.53 3.83
Roberts 1.94 3.34 1.59 2.53 4.71

Laplacian 2.48 2.41 2.31 3.84 6.13
Prewitt 2.14 1.24 1.25 1.74 4.17

Sobel 1.93 2.97 1.40 2.55 3.35
TFMM 1.38 1.90 1.00 1.48 2.15
GFCM 0.92 1.57 0.60 1.39 0.98

241 H GFCM ,TFMM | Canny ,Laplacian Prewitt Roberts ,Sobel 5.7 431 X} 55 8] 4 #4710 % 2 B | 5
ANEE F APEERE S ACRINZE 6 i, HAER 2—5 1 S 5| ARAEE—E /s, X &l T A
IR EE EUGAG 36 AN R RAAE 33X SRR IR 0 W 7 A o B A 52

G R AT 55, GFCM S 4 IS S 5 TEMM 303k 19 T8 i % 25 5%, GFCM. B3 [ e 7= 5| A
H/NT TEMM 53, Il 13 iR,
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Fig.13 Comparison of F and noise introduction rate of different edge detection algorithms
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