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FHFAAE DB s X IO 2 i R ST 2 o 2 (1 5 1, D
He(@r) = 0.5 11204 BB E, K RG> WiL 1R
BN A TR AN 535 2) F A B R Y
HRf 2 B BT N AL R B, B g (@r), o (@R)
PR IR B, K BB AR R 70 B A2

AT RERBL S B RS 1, $ A S POk
R, AR S sSE s iR T 85 2) MoTik. f
Fa I, 2B 795 B AT BEALIE, AH R 3540 AN
Il 45 3 AE T SR S LN RT RE Y BT AN TR (RS 0L
PRI ISR G I Canny 57 [ ARSOALIMH]. Z9K,
AT BRI G ROR, B AN N 224 B,
WA A I 22 TR A AL T 2555

3.4 BiEHER

g, ARSI R AN e 1 R s S R X
HIERR IR,

BN F o EIEUR 1L Yk o

W WG EIG E

P11 4 o Yilhtk, ARG 1 SR T 4
BEAN P LILKEEER g

P2 MRE X 27 P B EGEER Y,
FH 6) Xt HHE o

B3 ARG EER R FE T KL R
Rosin )5 VHEHAE CHE T or;

B4 W32 KR LG RS A
FIECFHFE (Ex, En, He);
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H$ES  WHEIRMW R w(er), wo(er), 73
FrEEL 2 K14 E.

IR N (R FE R AR A IR 2—5. IR 2
ISR 24 O((2e + 1)%hw), HHh e = 36 /V/2],
— W EURIIE (2e +1)? < hw. TR 3—5 fEfdR
DU ACH S TR R IR, ARSI T S 2% A
I O(hw). IEE R SIS T 22850 O(hw), 5
EGIRT (hw) IE LR G R,

4 LRGN

4.1 S8

P h I EE DY e 25, B
T o. SHmEH e & h [30/v2] e i — AN AL,
Fk e o A S, Pk, A SO 52 e
e, 0 H V2e/3 . ATTREAFN e [HBEAT5:5
CLIT AT 2 LR 5 .

KU1 AR @ T E GRS RE AT
Rl PRy, e e AR T SE LS 3 F Bk . A
(I foe U B B, JErh Shannon 52 5 6L
T RS SRR IS, 40 2N T

potatoes
component
polygon
block

saturn

N

48 80 112

Bor i, B KA R H AR ST 5 K15 B A,
AP B I8 LT PR 18 2 o A A PR . i 3
XS, ASCE X T e A1 RINPETE T B

Noins

H(g)=—Y plogp;. (10)
=1

e Noins 2738 B ORI 73 3548 1177 R 1 IX T AN,
R A VA5 A S 5 FA A i T BB Npins = L. py 718
12410 & gt STt BHR B s i R R I HAEE A
55 1A T X R R

T, 1E € € [1,max{[h/2], [w/2]}] Ja[H A, 7]
AN [ 1) G i 1. 18 R S AR R B 3
PAFIE T4 2 R I S5 e, B F.

e = argmax H(g). (In
e€[l,max{[h/2],[w/2]}]

LA potatoes F5 01, K 6(a) FIHE T {E S €
ok F e, I Al DL B R B, 2 e = 1 N4
H(e) BUI, B e MR, RS8R R, FERGI R
W 1) — 52 Y L, 0 AR A IR L/, AE & QR EEHY
KI5 46 ISR, T HEAS i F AR (1
9, AAATIR RN A 218 /.

[ (b :\ n ® - potatoes
) \'\‘ ® - component
3t ¥ v WY YV»

v \ -

4 polygon
. v block
L] < saturn

»a
-

o 2t “a v

N .
- 0080‘00.‘-0.,'

0 8 16 24 32
g

Ele ANREGIHIRMEYS e KR (@) e 18 [1, 127] 2B ITEL; (b) € 78 [1, 31] Z IR JREEOR

N T RO Bt — B W%, & 6(b) #1 T TR
KA KR i AR A i £k, B 7E € = 5 I B 43 KA,
£ € € [5, 1] WAHZEAK, b5 SR 22 /. Bhab,
6 W T 5 SCSE I 1 DY s B B 0% 09 11 22 A it
2, th W T IEASHI I AR A o, VE R B T gk
2 $I1E € = 5 I FRAFHR AN, 5 T LR AT
o RAR BB AL SR SRR, N e A%
AT BB B 3 1) 2 18] ORI T, (H Rtk &
TS R AN S i DU 2 A P 8 A 7 P BT AT
BRMAME ARAT L, Rt G A

WFE A RNIER I & 247 2. AL T 25K
R L K 70 B BRI, W AR ] IR Uik A s b E
MRS

KU 2 VRS 1 R Rl T AL BE
SR TTE, A8 2 T R B 8 R s KA
8RR AN R R 52 LR A0 8 T 1] 45 Adk 4L ) e 1) A2 2%
J&, AERE L 1 DL 1 AT RE 2 FRARA S5 ¥ 1R S I
PERE. 78 S8 b N HT AR 220G B0 1, ity ZEAE 73 8 it
A 2 (RPN, D T4 s 1 A s)
SRR BRI DRI I 2R 5, AU SRR
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Fb BT AR, 0 R 22 O AT SESG, BT T
AN TR ZH00] S B 43 BN R )57 ), TR) IS e 2 22 AN
[ (1) 24 (trial and error) fff 2 AL 1 £ 560 1.

P 2(a) B R dR B &, il H e e
{3,5,9,23} BEATSEE, A R WE 7 Pros. WA
€ (BRI 1) ANMf 58 T 7 mT A H, 52 e DR 7 )N,
AT 3 R 2 7 B R L AR, R 8 X 5k B AN B
A7, B g DR 18K, 28 25 A ZBk s, 0 b

QRO0OROQOD0

(@), (d), Ja & 1 8 DI S LU 98, X AE—
SERE S EORIE 7RI R b Al 2. Bk, %
Wiy AL AN B R, A5 U, P A 2 1 2% e AL
AR, 3 EB0A G B R TR A X LB 7e),
(b, BMEEL GG C 2N T il 7, {H2
Ja PR A 245 2% (B A e D) 598 )
FLLL AT T8, B 7(h) IOBRIE RANRE 1] FARR 2
W15 3, i SEAA A K T 1 X 15 3% 281,

K7 AN e (R RN ISR R SR IRETER, NERAKIGE € =3,5,9,23 INHIE (a)—(d) WEKTR; (e)—(h) WL

T RE— 20 BT E S HHT SR R 4
ZE S, SR FH k- 5 1) J5E 4R o 4 e B 1 T A
I 5t . BDM (Baddeley’s Delta Metric)?) & %t T-
Hausdorff FF 25 1) (i Ak G 5% 22 2 e vE ). A~ —
EHEGE R AME R (x,y) € PAT—AZJ0fH, %
E FI Eer WCAENRR SR K14 BDM W15 %4>
AR TE TN 8 LR ZE PIAN J7 T R BT IR & 5 R 2
2 % 2 18] () BE 25 25 57, BDM R /) vk 25 AR
K4 52 % UG EAR L.

BDM =A?(E, Exe)

:<hl Y | min(c,d((x,y).E))

w pEP

1/2
—min(c,d<<x7y>,Eref>>2) TS

;H\:l:':‘ d((x?y)aE) jFD d((xay))Eref> %z—l‘—\‘{%% (x,y) %IJ
E Rl Eree T PTATAR Z IS RLER B, ¢ 2 — DR

AR 2.

X 7 Fros AN R & 0F Y. 32 S dle Y 45 R,
FIH BDM J€ v 7 o E i, Hh 2% B A
Wi 8(a) i, AT M5 — AT EE AR 37 B
M SR, 5 4 K 255 1 Canny, Sobel,
LoG FEHE T b, iX S8 513 H Matlab 7 (/) iR
BN, S g gs R an e 8 ik,

EBEIPAL S R NE 1 PR, 2 e B/, BDM
HZEFIEAR, E2 WA 2. BES NG K,
BDM i 8k koK, 3 B Sede IO R Bk 7. 55
—J7 1, ANE SR L, A ST R R T
AB 45 (1) 10 A DN 557, 5 5] /& Canny, LoG. &K I
Ut ARSI A B S R — B, IR
KANET e RF M), e =5, 7. fEORIELE 5>
F RS OUR, WEIEIBAIT AR M B 8, A
VR8s —ikE N e =5.
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K1 A e 0 R ID S PR IS A PP

e £=3 £=5 £=9

=23 Canny Sobel LoG

BDM 0.5288 0.5288 0.6024

1.2308 4.0253 1.0575 2.6066

K8 ZHEUG RAEGSETIREE R (a) 27% K% (b) Canny; (c) Sobel; (d) LoG

4.2 ¥FEESLIE

1B BT K vk, JE R R R bR
HEEMR AR IEAT T RS BRI SRR SRR,
HHf 23 on R UE T 5% A SR (Berkeley) K27 R 7Y
YR ¥4 223 (Granada) K27 B VHEA LD B 57 41 19
sy, PRI AR, S0 AN BS54RS P ) S 5 &5
[F) B 5 A S 7 5 5 A R T VR AT T B, AR S
MR [10] () ¢ #5251 3753k, SCHR [14] (1) B 58 1
D7, SCHR [20] ORI 205, b S & M) ih %
B ¥ 41 Canny, Sobel, LoG %547 X} Lb. B yLIYTE
Matlab2007b #1358 T 528, 558 K] BDM 1524 i &
VM FR bR, 2 58 B A SCAN I 2 1 07 1 LA BEAL I,
N ARUE VP (1) 2 W E, B BIREAT 10 ROFid %
BDM (1) 7 241H.

LU0 3 A 4 MEG EER AT TSER, B ah K
Bl 9(a) Pros, MK A 4 4 component, polygon,
block, saturn 2%, 735 N\ T2 i T 5 2% 1 4 E 14
Kl 9(b) . HAR ST 5 14T 0 G AR IS5, IF
53T [10, 14, 20] F5AHCTTVEREAT T EHAR, Hoh s
MR [10] F 73200 R IR A B /s o 5, W RN IR T 24
Hygs Ban b 8 Frow. AH EL HAth AR 5C Jv, AS Sk
AT EHUN L&, AWHE, A CT7TET
o453 20 i & BRI T 2% EHE, 5 52 b 30
POE KA 5. e 00 T polygon G AE i 481Kk

NGAAFAEICIRANIY ST 15 m, K 2 H0l il 77
TR FH B8 A SR SN B ORI AS DU, A1 3 15 %
AT D GATIN GG, AR T7 1845457
184 JE NN DL S VG IR JSE TR AN e 2, 200 A &%
R BT RIZE M AE ST 1.

N T HE— P WA B 5 AR DG VAR ) 14 2
K%, K H] BDM J& & vFAl I LU 45 R sk 2 Jhow.
JE 1 LU 4 S5 AT AL A BT 4 IR AR ST &, AT
JESRAT T B AF I g R, TR TR N,
2 M E = R BN AR EX T saturn EEAX
AT T AR, I H 5 SRk A0 1 SCHER [20] 197775
BDM {HAH ZE 8K X LEIE 9(cq) 5 (fa) BT RRAL &5
B, W EE BB AL, R A IE 2 T E B 9(ay)
I as G, BARAS Sk T4, R e LA
BATPE A PR AR T, AN 8 rp 1) A BE AN o
Al AL DL RE A RS i b 2 407 30 2%, SCRR [20] #7 VA A
IR T BRI I R AL 876 T AR
TR BE N FURUI E ANHf 5 1, 625 5% 4 Joy I P A S
TR T ARG F 2 TR AH B F ), i 3 SO B
BT 5 1 45 0 B FAH e 1) X3k 28 4 5 e A
JE NS, FBUE 9(cq) ML L ELIE 9(fs) FHRE. BT
B0, T RFER IR A, X T A B A Lee i 1
B, RS ERTIESA AR AR L & B, X
Y NSRRI St s 2 ST B

%2 EMRIIER E R L

&g 44 ARSI T3 SCHk [10] (51 SCHR [14] 10759 SCHk [20] 75
component 0.7146 15.7852 0.7605 36.0135
polygon 1.5001 13.6162 35.9936 432105
block 1.1732 17.6745 2.1196 5.0505
saturn 5.9946 9.7341 6.6853 1.2481
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9 LML RIL G AR &S LA, A2 B AT N component, polygon, block, saturn % (a) JRUGEIZ; (b) %K
8 (c) ASCIITT; (d) SCHR [10] 7572 (e) SR [14] 7572 (F) SCHR [20] 5735
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K4 O TR STNE R S, BEALE
T 20 MRS B AR BB S8 25 3, G ORYE T
Berkeley A B4, Hh & 2H A% KR, A
RS 2 U140 % 55 F 4 Canny, Sobel, LoG %%
HAT X, e m g Rk 3 s, B 10 $e4t 7 —
BRI L.

*3 HZWTTAIE R

Sitiebs AT Canny Sobel LoG
SPIYE 19.85722 27.19289 19.44295 25.59137
PR 2 12.40543 18.59749 10.33869 17.22192
%0 . RSO T7i
B Canny
H Sobel
60 Bl LoG
>
A
A 40
20

1 3 5 7 9 11 13 15 17 19
&S

10 52 I5ERE R R

3N 10 & W1, b REHLIE B K 2 28
1%, AL R PAT BRI BDM {H, EWAE %7
PRI 2 (110 2 15 22 UG B idln. 38 3 1R W
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B = T 0E A, R ZE e IEAN R, TR I
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A G T T Sobel HTFHIKRAR, FHHEH T
T Canny $6 HH (1) “BEAN A ZGAME— R B J
T 51 05T Sobel 521 BF A ety 77y mp
DLW A A SCHR (9] J7 8 g 5 oloidk, 2N B A [+
FERIAE . BDM {E I 22 7 — e FEFE b i T R £
=R, IR G B Re s KA SRR
Pra. BE sk, 5475 Canny, LoG 514
EE, ATy8R BEAE B0 IE AR STV P & Rtk

5% %

PUAT A S B o R AR ) (9 3 G B U5 vk
FEAED B SO HL R RET B AU 2 AN 52 1R 46 i
A, TR BRI K. Dk, ASCEIGAGN
PELF 1Tk, R R S 7 BB 3, 3
WA L T B B AR g W R
BB HELE, [RII, ] 2 B8 B 3730 5 T o R Y
SEIA SR AENER R SR T e A E
ML 2o 5 SN B2 T Vo2 T A 3K, e
TP T 4 A58 52 PEME B 1R 526 45 RR W, AR SC
JTIRREE RIS R I S e 4 R, PERERUE, 24
JHERATRANTE. B DA R ARl H AR K3
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Cognitive physics-based method for image edge

representation and extraction with uncertainty
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Abstract

Image edge detection is an important tool of image processing, in which edge representation and extraction with uncertainty is

one of key issues. Based on the physics-like methods for image edge representation and extraction, a novel cognitive physics-based

method with uncertainty is proposed. The method uses data field to discover the global information from the image and then to map it

from grayscale space to the appropriate potential space. From the point of view of the field theory, the method establishes an extensible

theoretical framework and unifies the existing physics-like methods. On the other hand, the method defines the ascending half-cloud

to construct the internal relationship between the range of cloud uncertainty degree and the edge representation and extraction. Finally,

the method achieves image edge representation and extraction with uncertainty using the cognitive physics. The time complexity of

the proposed algorithm is approximately linear in the size of the original image. It is indicated by the quantitative and qualitative

experiments that the proposed method yields accurate and robust result, and is reasonable and effective.
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