Feature Detection
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Harris Corner Detection

 Harris Corner
— 1988, C.Harris
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« Corner point
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Harris Corner Detection

Taylor series
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Harris Corner Detection

« Eigenvalue Analysis
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Harris Corner Detection

 Algorithm
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Find points with large corner response function R
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* OpenCV

Harris Corner Detection

=L A
Sha=

void cornerHarris(InputArray src, OutputArray dst, int blockSize,

* STC
» dst
» blockSize

» ks1ze
-k
* borderType

int ksize, double k, int borderType = BORDER_DEFAULT),

o8 A CV_BUCT = CV_32FCH
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Harris Corner Detection

FE 141 sii2lA 24 A= oA [ch14/corners]

01 wvoid cornmer_harris()

% | i } !

03 Mat src = imread("building.jpg", IMREAD_GRAYSCALE); 5

04

05 if (src.empty()) { 32 %mshow(“src d src}," )
o cerr << *Inage load failed!® < endl; 33 imshow( “harris_norm", harris_norm);
e bl 34 imshow( “dst", dst);
08 } &

09 36 waitKey(0);

1t Sl st 37 destroyAllWindows();
11 cornerHarris{src, harris, 3, 3, 0.04); 38

12

13 Mat harris_norm;

14 normalize(harris, harris_norm, @, 255, NORM_MINMAX, CV_8U);

15

16 Mat dst;

17 cvtColor{src, dst, COLOR_GRAY2BGR);

18

19 for (int j =1, j { harris.rows - 1; j+) {

20 for (int i = 1; i ¢ harris.cols - 1; i+) {

21 if (harris_norm.atuchard(j, i) > 120) {

22 if (harris.at{float>(j, i) > harris.at{float>(j - 1, i) &&

23 harris.at{float>(j, i) > harris.at{float>(j + 1, i) &&

24 harris.at{float>(j, i) > harris.at{float>(j, 1 - 1) &&

25 harris.at{float>(j, i) > harris.at{float>(j, i + 1) ) {

26 circle(dst, Point(i, j), 5, Scalar(®, @, 255), 2);

27 }

28 }
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View?2

Harris Corner Detection
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FAST

« FAST

— Features from Accelerated Segment Test

— 2006, ECCV, E.Rosten & T.Drummond
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FAST
« OpenCV &=

void FAST(InputArray image, std::vector{KeyPoint>& keypoints,
int threshold, bool nonmaxSuppression = true);

« image e J8j0|AH 2 G
« keypoints HEE EXNME FSotE KeyPoint ZA|2] HIE| KeyPoint: :pt B Hof 34 H F
7t MEELCH
- threshold 4 Tl 20 3 T Zito| Xjo| AR
- nonmaxSuppression  HIECH A 8 HE. true0|H BIE|CH HHE ST
cv::KeyPoints

Public Attributes

float angle

int class_id
cbject class (i the keypoints need to be clustered by an object they belong to) More...

int octave
octave (pyramid kayer) from which the keypoint has been exiracted More. ..
Point2f pt
coordinates of the keypoints Mcre..
float response
the response by which the most strong keypoeinis have been selected. Can be used for the further soriing or subsampling More....

float size
diameter of the meaningful keypoeint neighborhood More...
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FAST

JE 14-2 FAST 24 H= 0fA [chid/corners]
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void corner_fast()

{

Mat src = imread{"building.jpg", IMREAD_GRAYSCALE);

if (src.empty()) {
cerr <¢ "Image load failed!" <{ endl;
return;

}

vector{KeyPoint> keypoints;

FAST(src, keypoints, 6@, true);

Mat dst;
cvtColor({src, dst, COLOR_GRAYZBGR);

for (KeyPoint kp : keypoints) {
Point pt(cvRound(kp.pt.x), cvRound(kp.pt.y));
circle(dst, pt, 5, Scalar(®, 0, 255), 2);

}

imshow("src", src);
imshow( "dst", dst};

waitKey(0);
destroyAllWindows();
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SIFT

SIFT

— Scale Invariant Feature Transform

— 2004, D.Lowe
— Gao| 2|™ B 37| HlY| F2SHA EXAE =&

SIFT Features
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SIFT

« Overview
(Detector)
1. Find scale-space extrema
2. Keypoint localization & filtering

(Descriptor)
1. Orientation assignment
2. Create descriptor



SIFT

1. Scale-space extrema

Scale space
Image pyramid

Gaussian
Blurring




SIFT

1. Scale-space extrema

DoG (Difference of Gaussian)
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SIFT

2. Keypoint Localization & Filtering

— 2%t extrema MY THA|

729 extrema 536 extrema
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SIFT

3. Orientation Assignment

— Keypoint 2| &ets 285t= BA

1) Compute gradient magnitude & orientation

m{x, )= (L(x+1,3) = Llx =1, y) +(L{x, y+1) = L(x, y 1)) Tt Lix,y)=Glx,y,0)*1(x,y)
o(x v):tanl[(L(x’y“) Llxy - 1))] Gaussian blurred image
. (Z(x+1y)—Llx—1y))

2) Create gradient histogram
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SIFT

4. Keypoint Descriptor
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— 4 x 4 gradient windows

— histogram of 4 x 4 samples per window in 8 directions
— 4 x 4 x 8 = 128 feature vectors
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SIFT

Performance
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Scale Invariant 2D Features

* SURF (Speed-Up Robust Features) <2008>
— SIFT 2] £&2 g5 7l
— DoG @42 theot O[T EH 2 ZALS}
« KAZE <2012>
— SIFT o] A2 7|, 2|, &2 HAHO| LSt Repeatability 2F &
— Gaussian filter 4! nonlinear diffusion filter &
« BRIEF (Binary Robust Independent Elementary Features) <2010>
— Binary vector & AF&5t0] Descriptor -8
- o|Tgste = W2 AlAE A[ZE
« ORB (Oriented FAST and Rotated BRIEF) <2011>
— FAST 7|8t Keypoint & Descriptor A& — = A AH A7

— M9 37| B30 CHESH7| 2B Pyramid &2 75510 Keypoint =
— HeF=2 2ot BRIEF €12|& HESIH 7|=Xt (Descriptor) A4t



OpenCV

 KeyPoint Class

T 14-3 7= KeyPoint Z24 Ee

{1 class KeyPoint

02
03 public:
04 KeyPoint();
KeyPoint(Point2f _pt, float _size, float _angle = -1, float _response = @,
06 int _octave = 0, int _class_id = -1);
07
08
i point2f pt: KeyPoint::pt M = EXE ZHE LIEFILICE
i HEaE i KeyPoint::size Bt Hig= EXEH 37|(XIS)S LIEFLICH
» fIGat  SHALE: KeyPoint::angle Bb Bi4= EXIFO| F6 GSHZIC)S LIEFALICH
12 Hiat resianse: II—(E‘TO‘:LT :iresponse P W SUE NZYS LIELIN, £2 S4TE MHel= 852 M8
13 int octave; e
i it Tass ids KeyPoint::octave Bt Pz STE0| F&E SEIE(I2i0|= HA)E LIEFSLICE
1 ) KeyPoint::class_id A He= S2HE0| ZME 25| HSE LIEFLICH
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OpenCV

« Keypoint Detection Class

cv:Algorithm

T

cvFeature2D

+ detect()
+ compute()
+ detectAndCompute( )

&

cv:xfeatures2d:SIFT

cv-xfeatures2d:SURF

cviFastFeatureDetector

cvzxfeatures2d::BriefDescriptorExtractor

cv:KAZE

cv::ORB

28



OpenCV

« ORB K| +4-d

static Ptr<ORB)> ORB::create(int nfeatures = 508, float scaleFactor = 1.2f,

« nfeatures

« scaleFactor

* nlevels

+ edgeThreshold

« firstlevel

*WTA_K

» scorefype

* patchSize

» fastThreshold
« HES= )

=i A

int nlevels = 8, int edgeThreshold = 31,

int firstlevel = 0, int WTA_K = 2,
ORB::ScorelType scorelType = ORBE::HARRIS_SCORE,
int patchSize = 31, int fastThreshold = 20);

HES 0 S M

H2H|= M HIZ(EY =4 HIE)

m2in|e S| Zi

SHE HEoH HE 3Y 71| T 37
& 02 XIalior §iLct

BRIEF 7l=X} Alit A| AF2EF Ho| 4= 2 3, 4 & s{E XIE56H0F §iLICH

ExIH H4- 245 YBH ORB: :HARRIS_SCORE &= ORB: :FAST_SCORE & Z SH= XIEE|CE
BRIEF 7I&XAt Akt Al AFRE WX 37|

FAST T AE YoM ABElE AR

ORB Z#E EEol= Ptr ADIE ZQIE 2|

Ptr{ORB) feature = ORB::create();
Ptr{Feature2D,; feature = ORB::create(),
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OpenCV

Detect Keypoint

virtual void Feature2D::detect(InputArray image,
std: :vector{KeyPoint>& keypoints,
InputArray mask = noArray());

« image s B
= keypoints HEE 7|Z01E H
« mask OfAS 33 oA SiE #HATH00] Ofd RiiMOt EXEE HES|CH

Mat src = imread("lenna.bmp”, IMREAD_GRAYSCALE);
Ptr{Feature2D) feature = ORB::create();

vector{KeyPoint)> keypoints;
feature->detect(src, keypoints);
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OpenCV

Compute Descriptor

virtual void Feature2D::compute(InputArray image,
std: :vector{keyPoint>& keypoints,
OutputArray descriptors);

« image s FA
» keypoints Dl2] HEs) & 71E00E HE
« descriptors AALE 7R} #iE i 32 N 7[E2IES] Jl=XtE LEHALICE
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OpenCV

« Detect Keypoint & Compute descriptor

virtual void Feature2D::detectAndCompute(InputArray image, InputArray mask,

* 1mage

* mask

* keypoints
 descriptors

 useProvidedKeypoints

std: :vector{keyPoint>& keypoints,
OutputArray descriptors,
bool useProvidedKeypoints = false);

HE By

OtA3 83 oA 33 #47} 00] Of URIGIAD EXEE HESLICE

HEE 7|HRIE He

AlAE 7Rt 2

0| 2H0] truel|H keypoints SIXIZ HEE 7|H2IE HEE 0|851 7|&XI2 ALt
{85
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Draw Keypoint

OpenCV

void drawKeypoints(InputArray image, const std::vector{KeyPoint>& keypoints,
InputOutputArray outlmage, const Scalard color = Scalar::all(-1),
DrawMatchesFlags flags = DrawMatchesFlags: :DEFAULT);

» image ol Hat
» keypoints oS FatoljM HEE 7|Z21E
» outImage 7|HQUET} D24l £24 AN
- color 7|2QIE AAF O] 2H0| Scalar::all(-1)0|H 2t EXFEE 2lojo| MAto= J2LICE
« flags 7|Z0IE 12|7| U DrawMatchesFlags EHE A4 = sILIE X|E8LCE
DrawMatchesFlags S48 &4+ | 49
DEFAULT 712 4| HEE E EXEN 2 37|19 #2 12|71, MZ 0fEE ERETRE
Mg J2Lct

DRAW_OVER_QUTIMG

£21 ZUE Mz YHaiX| D HEE B4 A0l 2B

NOT_DRAW_SINGLE_POINTS

drawMatches() &2} &M AN, oiE /x| 42 EAES J2|x] st

DRAW_RICH_KEYPOINTS

FISQIE0| 3 7|9t W HES E LierdLct
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OpenCV

TE 14-4 7|201E ZE 0fF| [chid/keypoints]

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
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17
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20

21
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23
24
25
26
27
28
29

void detect keypoints()

{
Mat src = imread(“box_in_scene.png", IMREAD_GRAYSCALE);
if (src.empty()) {
cerr < "Image load failed!" <X endl;
return;
}
Ptr{Feature2D} feature = ORB::create();
vector{KeyPoint> keypoints;
feature->detect(src, keypoints);
Mat desc;
feature->compute(src, keypoints, desc);
cout <¢ "keypoints,size(): " {{ keypoints.size() << endl;
cout << “"desc,sizel(): " << desc.size() < endl;
Mat dst;
drawKeypoints(src, keypoints, dst, Scalari:all(-1),
DrawMatchesFlags: :DRAW_RICH_KEYPOINTS);
imshow( “src”, src);
imshow( "dst", dst});
waitKey();
destroyAllWindows();
}
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