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The concept of interest points

B Interest points (&)
« o £9| M7 MK = F2o|eh et SEHFHC=Z FO
= Keypoints L= feature points£ 22{M UM

= Can be used to solve many problems in object recognition, image
registration, visual tracking, 3D reconstruction, and more.

B Interest points (2AHE) 28 =H
= sufficient number of such points are detected in the images of interest

= these points are distinguishing and stable features that can be
accurately localized
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The concept of interest points: Local feature (X

m X9 ER(Local feature)
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The concept of interest points:

How to define local features? (X| £d HE 2|

m R
= A2} QIX|(visual perception) & &
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The concept of interest points: Various kinds

® Kinds of interest points (features)

= Detecting Harris corners
= Detecting FAST features
= Detecting the scale-invariant SURF features

= Describing SURF features
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Harris corners (Si2|A 3 L)
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B Harris corners A=7| 78 [Harris88]
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Harris corners (Si2|A 3 L)

m off2|A0 M2 [Harris88]
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Harris corners (Si2|A 3 L)

B A% 7EotH
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Harris corners (Si2|A 3 L)
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Harris corners (Si2|A 3 L)

2X ZHIE A A ALt

(O 4—1]01M AR5t [ 12 4-3(a)]2) SAOIM 2 A S ANISHS TFES Amixt 12 4-5(a)]= Holt 22 o
A2 O B0IFE Z0[n, (32 4-5(b)l= d,, d,. d,%. d,2 d,d, B 78 BNk d, 9 d, B 75b7| 3 224 [-1 0
17794 [-1 0 1] SAKE ALBSIZCE [I2) 4-5(c)~(e)] 2 BAIS 7| s CHTH 20| 0=1081 71AlRt OfA
3 GE AIgsivct

0751|.1238|.0751
G =|.1238|.2042| 1238
0751|.1238|.0751

Olx O Fo| 3 A T 4 ULt o2 .gaﬂ@%gAz(MH ”199)o|+
0.199 0.527

01 2 3 4 5 6 7 8 9 1011

oloflofofololoolo]o]o]o]o

1lololo|ololo]o]lolololo]o

2lololo|o|ojo|olo|0lo]0 0

3lolofolt]lo/ololololo]o]o

alololof[1][1lololo]o]olo]0

s|ojolobr{1][1|0o]|0 0l0|0O]|0O

slolofoft[t[1]1]o]o]o]o]0

7{oloflolt|1][1]1[™ olololo e

glojo/ololoojo|lololo]olo b

slolofololo/ololololo]o]o .

1olololofofolololo]o]olo]o

1lololofo]olololo]o]olo]o

(a) 2ieH

>d,d,
E:éllz\'_tll BMS { S 0 ZSMS 1)

gl [= =gy [

L/ 37



Harris corners (Si2|A 3 L)
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Harris corners (ofj2|2 3 L)
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Harris corners (Si2|A 3 L)
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Harris corners (Si2|A 3 L)
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Harris corners (oli 2|2 A L): 2X} O| &= Al8¢h gty

B Hessian matrix (S| A|QF & &)

_[d, (o) d,.(0)
B d, (o) d.(0)

| (4.11)
olw] d (o) = ﬂ(;‘f (G(y x-,a}@.f‘(;r,.x-))), sob =y EE
= = — >
m 2K 020N E 7tsd o 58
- 5 )\|0|-E|E‘3H 244 Aldeterminant
C'=det(H) = d,(0)d.(0)-d,(0)° (4.12)
« 7}2AI0t BEZ2IAIRHLOG)
C= V- =waceH) = d,(0)+d.(0) (4.13)
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Features from Accelerated Segment Test (FAST) EX F=&

m7|2MO=E Corner point 8=

B Feature Detection using FAST

1. Select a pixel P in the image which is to be identified as an interest point or not. Let its intensity be ]p.

2. Select appropriate threshold value t.

3. Consider a circle of 16 pixels around the pixel under test. (See the image below)
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Features from Accelerated Segment Test (FAST) EX F=&

4. Now the pixel P is a corner if there exists a set of . contiguous pixels in the circle (of 16 pixels) which are all brighter
than :[]J + t, or all darker than I]J — t. (Shown as white dash lines in the above image). L was chosen to be 12.

5. A high-speed test was proposed to exclude a large number of non-corners. This test examines only the four pixels
at 1, 9, 5 and 13 (First 1 and 9 are tested if they are too brighter or darker. If so, then checks 5 and 13). If P is a
corner, then at least three of these must all be brighter than ]p + 1 or darker than I]J — 1. If neither of these is the
case, then P cannot be a corner. The full segment test criterion can then be applied to the passed candidates by
examining all pixels in the circle. This detector in itself exhibits high performance, but there are several weaknesses:

= It does not reject as many candidates forn = 12.

= The choice of pixels is not optimal because its efficiency depends on ordering of the questions
and distribution of corner appearances.

o Results of high-speed tests are thrown away.

= Multiple features are detected adjacent to one another.

<First image shows FAST with nonmaxSuppression and second one without

nonmaxSuppression>
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Feature points $/X| &7| ¥112|F: scale invariant
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Feature points: Scale invariant (27#|¥ 2H) EXH HE
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Scale-invariant feature transform (SIFT) A&

m SIFTe| =%
= 19994 David Lowe W =2| =& [Lowe99]
= 2004H Jevol| = E == HH [Lowe2004]
= dS0| FHOLE X 7t 22| AFE R, Crefor HFEO| 7R E 0 /US

>|£|

Distinctive image features from scale-invariant keypoints
DG Lowe - International journal of computer vision, 2004 - Springer

Abstract This paper presents a method for extracting distinctive invariant features from <
images that can be used to perform reliable matching between different views of an object or Google SChOlar

aretha o atures are invariant to image scale and rotation, and are shown to provide ...
254137 2= ) 2k steits HAl 2472 HE  Web of Science: 8507 2= HE
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Scale-invariant feature transform (SIFT) A&
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Scale-invariant feature transform (SIFT) A&
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Scale-invariant feature transform (SIFT) A&

m EXMH (keypoint) 2=
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Scale-invariant feature transform (SIFT) 2&

m P XE AAHY A

= 7|EOE= <yxois BDEE 7IE (BEHE 09| / HM DOG GA9| (y,x0A &
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- QIO AH Y A Al HE

E

(p,x) =" X 2%, x" X 29 o
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s=106 X 2 3

B S ATEQO
= David Lowe
= Rob Hess
= Andrea Vedaldi
= OpenCV
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Scale-invariant feature transform (SIFT) §% - Summary

® SIFT descriptor (7| =X}
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Speeded up robust features (SURF) &

m SURF
« HHE S S|M QI0| SIFTECLC} 2 dng|s =3

e NEEE R

C=dettH)=d (0)d,(0)-d,(0) (4.12)
L_ 0’ | 0° D
d, (o) = a}}g(G(cr)@ﬁ 3 ——=G0)|®f (4.22)
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Speeded up robust features (SURF) E&
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Speeded up robust features (SURF) A&

XY I AdE
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7|E}L: Local features (K| E%) 4= ¥12|E2| &4 H|u

m REECE =&

= [Tuytelaars2007] Tinne Tuytelaars and Krystian Mikolajczyk, “Local invariant
feature detectors: a survey,” Foundations and Trends of Computer Graphics
and Vision, Vol.3, No.3, pp.177-280.

B A HM O
OO 1T 1 -1

= [Schmid2000] Cordelia Schmid, et al., “Evaluation of interest point detectors,’
International Journal of Computer Vision, Vol.37, No.2, pp.151-172.

= [Mikolajczyk2005b] Krystian Mikolajczyk, et al., "A Comparison of Affine Region
Detectors,” International Journal of Computer Vision, Vol.65, No.1-2, pp.43-72.

= [Miksik2012] Ondrej Miksik and Krystian Mikolajczyk, “Evaluation of local detectors and
descriptors for fast feature matching,” International Conference on Pattern Recognition,
pp.2681-2684.

= [Aanes2012] Henrik Aanes, et al.,, “Interesting interest points,” International Journal of
Computer Vision, Vol.97, pp.18-35.

= dEo| O ofLt?

T oo 2o al J_Iil-El_l-
[Tuytelaars2007, 7.1&12| X[& 7,5*2.%
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