


HGgRin-ELEN: il

O anfal £ e R X R B R ZE BRI RIX K R ?

B BHir: EERIRCIEEIIFATRA. T XA ITED
v IAENXM “5RAET ?

FEXE 8% AR BR(blob)
(X) (%) Q) Q)
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KBS : 2FF

O FL1E(aperture)|o]fR
B r(a): E&ER(patchy BB N EZRE MR, BF5KE
v = (corner), (blob)
B (b): B ERERR(patch) R gESE B TASRITI EXI T
B A(c): T3 (textureless)BIEIG IR LT FoiEXT 5T X Bk

(a) (b) (c)
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< B 23 5|

O XESREAR: ALE TN EERX AR T

B Key point, interest point

O x#ESAIAZM (invariance)
B PUATNAT: BGREGETEAE T RETHRI /LT, BZ
EFFEZ | ABTL, TR N
B ERAATMHE
vV BBl SEATH,
Vo LA M EFRATM, FEEATM, RE (40 A~
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K =

O XESRERM R

B AfESM (Repeatability)
v EEIER, BIREENIRIHT, EU “EhEs
v ERESETRE, MNNEEMFHEIAFE

B XEMMEMMYE (Compactness and efficiency)
v FHEH B DT EGEER

B 5 (Locality)
v BFHER N E— AR B B & X
vV SMTREAERMESAEAEEN
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g 1%2\4 j:‘;éfﬁl\\\ W 5yI\IJ

O A =4 (Corner Detection)
B Harris¥M-+F
B FASTHINF

0 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) & —F
B Difference-of-Gaussian (DoG)#&MF
B SURF#&MF
B MSER#EM-F
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KESRN: AR

BEEE—NNEO, BIAEREAIRRES

(] Fartas =4/
m CERES

O#RRL, REM—TEEBIHEO, HBSERERR
R

“S1B” X1 “hEg” Bl ‘AR A
EEFERE “iE, REX FEL, &E
T iyl BRRTW
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Harris & =0

O ZE—MNBEW, EBRER0W,v)
B EDIRG, BEW RRGEEREWNATR?
B EEREERMNEGERE, (tEERECM

E(wo)= Y [U@+uy+v)—I(z,y)]
(z,y)eW

B SIXETFx. y WEREFEFT:

I(z+u, y+v) = I(:c,y)—l—g—iu—l—g—év—l—higher order terms
B NMRBEEBEwW v)EB/), WA XESHIT:

I(x + u,y +v) %f(ﬂfay)-l-%u-l-g—év

< 1) + 1 1| |
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Harris & =0

E(w,v)= Y [Hz+uy+v)-I(zy)]

(x,y)eEW

I(x +u,y +v) = I(x,y) + [Iz Iy [Z}

U

Bwo) = 3 U@+uy+v) - Iy
(z,y)eW
< Y e+l | - )
(z,y)eW

Q

” 2
> |mniy ]
(x,y)eW
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Harris & =0

O EXAIEEA:

Ix2 Ledy | ru u
yix y

C)\ ME

[

O XF_E 95+
B AU ERENR OB GEEMEFNEENE
B BHEASEu v]EE), 28R KMSNIE ER?
v B EEM B EEE, BERAEANSE
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= Jﬁﬁ #g?ﬁrﬂ%\

O X TR ERFA, BEfFEREAx, SEHHEE :

FFIE(E

Ax = Ax
B FREAAYFERIEx B NS IEE

O FHEER @RI T HESE:

O & LETIPPTE, A=ME—
det <m11 —4

myq

m HiEN:

N2 x 2 BFERE, [

det(A — AI) = 0

mq» _
Myy — )L) =0

LACIES;

1
ﬂ’i — §|:(m11 + mzz) T \/4m12m21 + (m11 — mzz)

O —BRX324FEEL, T8

{mll —A
m21
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Harris & =0

O %6FEM B4 FIEEF4FIE =
B Define shifts with the largest and smallest change (E value)
B x_. = direction of largest increase in E. _
¥ MX, =4 X,

B A, = amount of increase in direction x,

B x_ = direction of smallest increase in E.
B /_ = amount of increase in direction x

Mx =A X
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Harris & =0

)

u 5%“" FRIRETL: $FEEST
min, Amax : XTFRZEPEMABY4FIE(E

B NREXFTEgERNEFZ A RIEEn, PAFERRKRKETHE
E (n) 732max

?E

EQv)=[uv] M m

— ] _ . T -
Mxmax - AmaxxmaX: Mxmin - Aminxminv Xmax Xmin_O
EX n = [u,v]T'= ax,gyx + bXpmin, With a?+b? =1

F2,E(n) = n"Mn
= (@Xmax + bXmin) 'M(aXmax + bXmin)
= (@Xmax + bXmin) ' (A maxXmax*PAminXmin)
= a?Apaxtb* Amin
= azlmax'l'(l — az)/lmin
ELE, Epax= Amax, Witha=1and n = [u, v]'= X

— i — — T



=N OANEES

O 1% 5 28 P X AR AE PE MY HFIE B

AR X
Ay >> xz A AT, PR, Ay A, BN,
xz >> N A~ Ay,
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£ T

2
M:[Z(x,y)EW " Zeeyew ley] _ R-1 [Al 0 ] R

Z(x:Y)EW LIy Z(x,y)ew Iyz 0 4

A

-
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=N OANEES

O e EGRE, w8 MERE, ETHHEE, XA

IR HR:
R(x,y) =20 —at(Ay + 4,)°
(lf:‘t((}] — A A9
trace(C) = A+ A9
O %2 /A =0 M AR KRBT A N A ER AL E =

R > threshold
O B R BYEEMRAES, Flan #HITIER ARHNH
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Harris £ = 4 0 7= 151
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Harris 8 =58 M 7= 51 £5 5= Ml jv [Z
el E R 3 R #H1TITIBRACIE, BV K&
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Harris £ =M /914 R

O hedE A EE?
B Yes: EANERLMEAHEE, RLPMHERENTE

0
M —XE‘ ) }X‘T

%
O REAZE?

B No: SE—TARXEBERBK, ARBEEAEE
B NABEARRE?

=N
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KIFE ORE R

O Harris &M & F#0 2 g4 E = BUR T EriEI & A K/

) -

Window scale = 10 Window scale = 15 Window scale = 30

O BEEEORS, ingaiE~NIERAKHIE]
B Adaptive non-maximal suppression (ANMS): BERRA, [T {8 EL 4715,
(EErEFXE) PEMGRRIN & AKEKX1I0%

(a) Strongest 250 (b) Strongest 500 (c) ANMS 250, r = 24 (d) ANMS 500, r = 16
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& FTiA-K 8 =M

O A =4 (Corner Detection)
B Harrista M+
B FASTREMF

0 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) & —F
B Difference-of-Gaussian (DoG)#&MF
B SURF#&MF
B MSER#EM-F
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FAST: [RiEA SN F

[1 FAST: Features from Accelerated Segment Test

BRI ShEERSEABAGESNRKEXR, KFMESET AR

m f5gn, wTE, ¥TH&EEy, £ESEEREO k16 MRE
V MREnMEERESNREEEHATRE N THOEGR, MpAhm
v ATRSKEMEE, ATLSRNEERML. 9. 5. 13UMEER
vV BROANSFELEARHNRESFOERERSFARERE, M p ATEEARS,

RIEBEXTAL16ME = S TR LR IA
B AA—DRFAMRE, RBHSEFEIFERARE A

.lll NEEEEEET
EEENEEEREAER
| [ [ [ [ holelsl | [ | IS8
HEEEEEEEEEEER
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& FTiA-K 8 =M

O A =4 (Corner Detection)
B Harrista M+
B FASTHINF

O 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) #&lF
B Difference-of-Gaussian (DoG)#&MF
B SURF#&MF
B MSER#EM-F
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Laplacian-of-Gaussian (LoG)

O 2DRY[E B xT#re{E+, FTiR(blob)ta:
B LoG: “blob” detector

2

0 0
LoG =V°G_(X,y)=—G (X, y)+—G (X,
(X, Y) W (X, y) & (X y)

X2-|- 2
G,(x,y)= = expl 202y ]
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T EFRFR—T R ER:

O 435 4ERE  (characteristic scale)
B Laplacian M B#R{EERX MR E

2000
’ . . O o e :
£ 15004----- Vaaare teeees Viaaa)w . .,f. e “eeead
‘ ' ‘ oy . B "
. . h' 'l
- : | 1
. . | 8
. . i ; .
” p 'L. ! ;
100a0}---- - N A e a pard u re 1,,|.
: : i s .
: B 2
; R ot
2 : vl /
. Y e R
500f.-... S .o i b e oo des At s yod, T I
! P15 : ‘ :
: / : \ :
0——; s - \Z\ —
0 1 2 3 df 5 b 7

characteristic scale
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Laplacian-of-Gaussian (LoG)

[1 Laplacian-of-Gaussian = “blob” detector
B GEEIGIR (patch) , BAWZEARIRTLoGRYIER RS, HENIE
K a5 EGREETR
B IRESRMMNRAARME, HEEESBIEIGRIILoGRYIEK RS,
1ZEK AN RTEIENX TEGHRE
, _0°g 09%g
5 V79 = oxZ dy?

>

filter scales

>
...

Blobl Blob2  Blob3
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EERY
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Il)ﬁ'
w

LoGHu /R &,

’

{1}':\0

S i wap
) 2 L

% o
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LoGHo 7R =,

Il)ﬁ'
I
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Il)ﬁ'
O

LoGHu /R &,
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Il)ﬁ'
o

LoGHu /R &,

sSigruasw

s S
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< E ZE8]8Y blob &N

O RiEERMWNARK/RIME, FHEESARIERMLERN
LoGRUIEM RS, ZiEK=RRIRSTEIEX T SaRENRE

) -

N

o2

= List of
(x, ¥, 0)

Squared filter ol

response maps
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RE =58/ blob #&30: <431

O 460t SRRV X 35 A~ — € = ST #E Y blob B 3 37 1Y [X 13
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& FTiA-K 8 =M

O A =4 (Corner Detection)
B Harrista M+
B FASTHINF

O 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) & —F
B Difference-of-Gaussian (DoG)#&ll-F
B SURF#&MF
B MSER#EM-F
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MLOGZEIDoG: SIFT#:M|F

0 5 A Difference of Gaussians (DoG) Xif{il Laplacian of
Gaussians (LoG)

B ESHRER (ZH > —H)
B SRAISEIEN
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DoG Eli&E&FiE-1

O gretEeshesia
m ARERoEHENEREER, SATERENER

1
B FEoctaveBs + 3EEEERE SR, k=2, Bl k=25
m BB SHEEEE, BRISEERE, HEoctaveBs + 25k[F
v TEITEFE
D(x,v,0) = (G(x,y,ko)— G(x,y,0))* I(x.V)
= L(x,v,ko)—L(x,y,0).

Octave 1 DoG Octave 1

2026/4/9
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DoG Elg&F1&-2

O X852 =4l
m B3 NoctaveRIREE K2

B ‘F4¢Hoctavells + 2&EIDoGEIZFR R (X, y, scale) =4 R E Z3[g]
B 7£3 x 3 x 3HY265R S EIBIA. NMES
B T8 octave, BEMRES{ETEsEIDoGE & £

P e
ol — =

(next
oct ave] ﬁ?

WY b Y DY

Y

y

(first
octave) b{ >
Difference of

Gaussian Gaussian (DOG)

¥ % Roctave, FHIBAER T RIFR A2
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Il)a'

DoG E1& & F15-3

O /NgE

B FERHPA X R E it e faiE i HDoGE K 25 ILAD o) R,
= LACRIDOGHE K s iR EEAE A< XA R E i 1HE

B FEIRMREZEX 2 A—RYFXIE: (0,20], (20,40], (40, 80],
-, (2Mg, 2™ g], -0 BPREFXIEXN—octave

B T HEPADoctavetEIRFITT 215 (170 ) TR, FrAED
octave F I ERFN FEARIER SR THITRESEE Ao, 20)HY
XX REMGT

B E¥EmPoctave LR EMTER, @BiEFL2™, BINSREZERSG
ERSPFEERTHXBEXBREMGITE
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g 1%2\4 j:‘;éfﬁl\\\ W 5yI\IJ

O A =4 (Corner Detection)
B Harrista M+
B FASTHINF

O 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) & —F
B Difference-of-Gaussian (DoG)#&MF
B SURF#MF
B MSER#EM-F
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SURF#& M| -

1 SURF (Speeded-Up Robust Features)
B XM HessianfBEEX EGIERE, ETITRNEEFEXESMEMRE
Lor(X, 0) Lyy(x, 0)
Lay(x, 0) Lyy(x. o)
VL, ) BRHEIRITER RS =2 (o) MR
v SHRBERETESNERZTAE
B SHIZMES AR SHEREEE (box filter) AL ( Lyy -> Dyy )
v Det(Happrox) = DxxDyy — (0.9Dyy)?
v FARSEFUEERATEYE

H(x, o) =

) B
- 9%x9,0=12

J G J
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SURF#& M| -

O EERHE
L E’ﬂ%%[ﬂiﬂ’] 7k & AL X PN S R 7 Bl E T RS 2

D, B S=A-B-C+D

O FRARSEERSE, WEREEeEFEMREZE S

Scale

VS.
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SUR

F#& 0+

O ETFik{AHessianzEfERI1THINE, FEREZTERIS X3 X3

Shtsis

2026/4/9

B R BRI KE,

H A IERAHIHE] (NMS)
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g 1%2\4 j:‘;éfﬁl\\\ W 5yI\IJ

O A =4 (Corner Detection)
B Harrista M+
B FASTHINF

O 480 (Blob Detection)
B Laplacian-of-Gaussian (LoG) & —F
B Difference-of-Gaussian (DoG)#&MF
B SURF#&MF
B MSER#MF

2026/4/9

45



& At ERE X BN MSER

[1 MSER: Maximally Stable Extremal Region

I; i/_\kl:lzixjiﬁ’]lﬂﬁ CEMN, F#MIZoEIEREY . miRRERVE
[X i3

O IZEJZW:‘HH Ei_ﬁi_E'?J:E’JT)%%E’J RERREEFR
Vp € R; ,Vq € boundary(R;) — I(p) —1(q) >7
m SCIREY, ATA— ?5‘]&)?“[3’]@155(’}.1% T7El, OISR

MA

{a) Input (b g=75 (c) g= 105 (dy =135

(e) g=165 (fy g= 195 (g) g=225 (h) ¢ =255

* Matas J, et al. Robust wide-baseline stereo from maximally stable extremal regions[J]. Image and Vision Computing, 2004.
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iy AT ERE X e F: MSER

O MEEAEFE TP EIER, WED BN
m iZigEAash, RRERM R ER S EHE
B NS, fEEEREEE—NONTE (FHRAREAT2M
HE) , GUHEHRNERS; EREHATEENE, AREER
TR, WIZXEA—MSER

D 5]::310;616 Level g =75

l Py Level g = 195
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iy AT ERVE X e F: MSER

00 MSERRY4E &
B SR A ASTRE T BB S5,
v EREEM (repeatability) 55 E, THEHMEEIBYFIERNF
B FAMERE: —BERPENSEHMSERXIGH=AIR
v a0, XF—8I640 X 4808YEl&, MSER#ZE—#/%<100
v AIUZEFNE SR EIFMSERE K EHIR

+ Matas J, et al. Robust wide-baseline stereo from maximally stable extremal regions[J]. Image and Vision Computing, 2004.
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