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O &G NEF
B FRHEET
v HERET
B SEdaETF
v Kirsch&EF
B _MEHETF
v RERHT (Laplacian) BE-F
v /R (Marr) BF
B S eNET
v 8 (Canny) BEF
B SUSAN BEF
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HEXE: Vf(x,y)=[0x @ﬂj[g %]
BEEENEE : mag(Vf) = /G% + Gy

BEFER: o(x,y) = arctan (2)
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WBEAEN |: ERXBEET

O#ERET: —MEDET
B BHTESEHSRARESN, —RFLNERESHTRRLE
v ENTEAERESERMBER

J,(x) = V|G, (x) x [(x)] = [VG,](x) = [(x)
v SHTEREEEE

oG, 0G4 . 1 12 + 2
Gy(x) = —.— = |—r —y|l—exp| — -
VG, (x) ( o oy ) (x) =[x —y] g exp( 53 )
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m iEHREEE
v @ ibzAE A
v @ BEE
v Q@ FiBi#{E: Prewitt 1 Sobel

-1 1 111 -1 1 1 2 1
1 1
-1 1 -2 2
-1]1-1
-1 1]-1 -1 -1 -1 1|[-1]-2 -1
(@) Roberts (b) Prewitt (c) Sobel
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O % E & 7=l

)[R & ; b) Sobel 7K FARAR ; c) Sobel & H &1 ;
d) Sobeltt E &l (GE#2) e) SobeltEEE (Ge#l) f) SobelthEE GE#wo)
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J\FEKirsch (7x7) &g

-5 3 | 3 3 13 3 3 13 3 3 3 3
-5 3 -5 0 | 3 30| 3 3.0 -5
-5 3 | 3 -5 -5 3 -5 -5 -5 3 -5 -5
3 3 -5 3 -5 -5 e |5 |-k 15 3
} "3 3 0 /-5 303 -5 0 | 3
3 3 -5 3| 3| 3 3| 3| 3 3| 3| 3
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10 1.0 | 1.0 1.0 1.0 0.7 10 0.8 -0.7 -1.0 1.0 -0.7 0.8 | 1.0 071010

0.8 -0.8 1.0 -1.0 -1.0 1.0 -1.0 1.0 -0.8 0.8

-1.0-1.0|-1.0 -0.7 |-1.0|-1.0 0.7 -0.8/-1.0 -1.0 1.0 -1.0-0.8| 0.7 -1.0-1.0|-0.7
() (b) () (d) (€) (f)
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B AR ERENEAENTTS
B ARIRAYXTRRE > SEREURFE
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OFETFEEEN, BEIEL
O % ~ fr(x+05,y) = fi(x —=05,y) =f(x +1Ly) = 2f(x,y) + f(x — 1, y)

B 2L x Gy +05) = £y —05) = floy + 1) = 2f(x,) + fry — 1)
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02 S/REF

B ENRBE M EOET, SMEGHTEEHER (RERE)

J,(x) =V[G,(x) xI(x)] = [VG,](x) * [(x)

Sy(x) =V -J,(x) = [V2G,](x) % I(x)

B FRRIEFENT: SHREN-MSREERGHERER
v BIRTEIEE:
> (1) B— 1 2-DH s FaRR 5iEERER
> (2) itEERERRA T ENME
> (3) MK R HTEIR PHIEE SIERESG S
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O FHaZRNETNEGHN =&
B RAIREE: BEDEEENREERUEDBRIERIGH Kbk

B SUERE: NERNAGNERIERNAARE

[0 G (=x)f () dx

Mg ‘/ ij:' 3 (x)dx

B NEMIGEHE—NRN: SRAFAERERR

Localization =

2025/11/6 19



SR 1V: SNSRI E T

0 Canny&E ¥
B 7] LU SET R — M 7 B RIE U

m BRERTSE
v EERIER TR
> XEGIAIE, AIFIREETTESERRE
v HEHERESEE
> HWE—MT
v JERR KB
> EMAGHSNERE, SENAFARRER
v EERNFNER
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> RIS a5
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CannyHf: JERARIEHDHI

O JERAEHNE] (non-maxima suppression, NMS)
B LIREEIEMFRIEE T (ridge), RIABRERIBELERAR
&5

B NMSE G E % L AIEE B IEEMTRERMILIDE.

B FEE AT HSeE 9 AT BEIX]iLj]=Sector(8]i,j]);

B A3SPEER TIRERIGM)], BEFMMEEM)SEEHELZ
FEIBNAEMEEHITEEE: BEM[I LBt E & A AN ES S
tEEA, MM[IEE.
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FRIAABERSEIE T.[i,j] F T,[i, ]

B AGER T, PRIBSGSMMNE> 7,
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O LA T,[i,j] A¥ES, & Tili,j] PHENMEIME =S AT LUER
23R B =

O ANERFE T, [i, ] WEEL sk, BEIE T,[i,j] FErERIIE)PEERE
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B ZEMEX: HEXNTERAN%, SR E—ENXESEREERE
B USANERET T X TERPRRFZLEWNERER
v HRRERLEERPRE—BXE, USANKERKIKESEX.
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[ SUSAN: /v (Smallest) #%[E{&E
B ANER: 3TNRE, F1RA3ARE

C(X01yO;X1 y) :{

1R |f(xo,y0) - F(xY)<T
0 fH |f(x.¥0)-f(xy)>T
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WBZAEM V: SUSANE F

O #&MFTRR PR TN R FZHIT
O 1524 AYFFEF (running total)

S(Xo,¥0)=  2.C(X0,Y0:XY)
(X,¥)eN(x,y)

[ 18 200 .

G-S(X0,Yo) UK  S(X0,Y0)<G
R(Xo,Yo) = 0 =

B JLASMEG =3S, /4 (ATRBHEEKEE) , HEaS, Sk
R AE, BIRRREE .
B YPIEEN: ZEMEXEEE/), B50nNER K
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B4 & (Edge Fitting)

O SERF—NFXE, RAEEREM KSR EEUE SRR
R MR, ATKEUSHEERESH, WM EKIEE.
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O NKMELR, UERRE—MLEIER, SENANKREM
IR R IR R Ia k. Bk, BROEIIEERE
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Hx )_{s xsin@ > ycosé A B
I e C|D
TEE—RR, AH: 20 EE R
o="a-5=C) AR - |s—t|=|B-C]|
4° A-D
s=2_2-D g%}g‘m max{| A—D|,|B-C/}
t:%+A;D ERobertsH RIS RAH[H

AMEE: [S-tHA-D|
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O lEERE
B EMXNBBFERX T ARERNXIBESP, P=(P,Py,...,P;...)
B PRI R/MNEARXC GEEA3IX3I)

f(x,y) =oX+ Y +y
B SE—NNXE, B—1PRFEmmRIEM

B YSixE:

e? =Y Y [ax+ By +y - f(x I’
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[ Eﬂilﬂﬁi%%%d\%* (O B\ Yy
O X8 3X3,[R /BT L RB, B:

o= gZx f(xy)/ DD %

1-1 0 1

ﬂ:Zny(x,y)/ZZyz ¥ -1 -1 -1
=YXty [E¥ 111|200
RxC 1 1 1 1 1 1

-101
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KANREHER, SHIREE. 111
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B AKX RAAFE AT U A ESEANR R, BEAERPREERR—BIR
HERERRE (RERR, &NERER) FHkias.
B EFRFNERBALAENX J: f(n)=g(n)+h(n)
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4

von BRERIGREHITERVEIIT R,
vog(n) : ANESRT SEBEEIT R EREAMN.
voh(n) BETREBFRTRREZEINRERENRN. (—KAXS

BESSRMh(n)gyfditE , AmAB LD
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Principles of Graph Searching

0 0 0 0
0 .l.._______Nnde
o

(4] “Cost of
Start Node Node

Heuristic graph search

1. Expand the starting node n4 and put all its successors into an QPEN list
with pointers back to the starting node n 4. Evaluate the cost function
f for each expanded node.

2. If the OPEN list is empty, fail.
Determine the node n; from the QPEN list with the lowest associated
cost f(n;) and remove it. If n; = np, then trace back through the
pointers to find the optimum path and stop.

3. If the option to stop was not taken in step (2), expand the specified
node n;, and put its successors on the OPEN list with pointers back to
n;. Compute their costs f. Go to step (2).
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IR ERTERE
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O K re&#  f(n)=g(n)+h(n)
B F4I0 h(n) BEMNRBRFE, BER—EREKIEREREM.
B HBE%I (h(n)=0) B, —EREkEEHERM, BERTEEMK.
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Edge image with vessel Hodes expanded
T EERTFEET BAANERIEER borders during search
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Wavelet

transform
Wavelet Wavelet Wavelet Wavelet Wavelet modulus
transform transform transform transform transform maxima
along the along the modulus angle for a modulus after some
horizontal vertical non zero maxima thresholding

direction direction modulus
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