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« Qverview

1. Detect a set of distinct feature points
2. Define a patch around each point

3. Extract and normalize the patch

4. Compute a local descriptor

5.  Match local descriptors

d(f,, f)<T



Feature Matching

« Distance between descriptors

— L, distance (SAD):

a(f. )= |f.- 1)

— L, distance (SSD):

d(f, 1,)=X(fi- 1)

— Hamming distance:

d(f,.f,) =Y XOR(f,, f,) d(f,f)<T




Feature Matching

* Distance Threshold

— The distance threshold affects performance

feature distance



Feature Matching
« Matching performance
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Feature Matching

« Matching Strategy
1) Compare all

2) Take the closest
« Ork closest
« And/Or within a (low) threshold distance

3) Choose the N best putative matches




Feature Matching

 Distance ratio

» For a descriptor f, in I,, take the two closest descriptors f,” and f,2in /,
« Perform ratio test: d(f., f,7) / d(f,, f,?)

— Low distance ratio: f,’ can be a good match

— High distance ratio: f,’ can be an ambiguous or incorrect match




Feature Matching

 Cross check test

« Choose matches (f,, f,) so that » Alternative to ratio test
— f, is the best match for £, in
— And f, is the best match for f, in /,




« Feature matching class

OpenCV

cv:Algorithm

.

cv:DescriptorMatcher

+ matchl()

+ knnMatch()
+ radiusMatch()
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cv:BFMatcher

match(): 174 2| &
knnMatch(): 28 k 7l 2| &

radiusMatch(): A| &=l 8t4 Lf 25 2|H

cv:FlannBasedMatcher

BFMatcher: Brute-Force matching (=== A} (ex: 1000 &7 x 2000 §% = 2,000,000 £ H| i)
FlannBasedMatcher: Flann (Fast library approximate nearest neighbor) At& matching (25 Z=Ah



OpenCV

« DMatch 22

of ol GHOM ==ot EFT- I CHE of ol g4, E= oy G4
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FE 14-5 =S DMatch 224 HEY

01  class DMatch

02 |

03  public:

04 DMatch();

05 DMatch{int queryIdx, int _trainldx, float _distance);

06 DMatch(int _queryldx, int trainldx, int _imgldx, float _distance);

07

08 int queryldx, 83 DMatch: :queryldx B Bi4= FO| 7|&Xt HSE LIELICE

09 int trainldx; 9% DMatch: :trainldx B BifE 22 7|SXH HSE LIERHLICE

10 int imgldx; 103 DMatch: :imgIdx He Bl 23 FM HSE LIELICE 03] Zo| YMe 231 JMo= MHE

11 A0 ARZELCH

2 float distance; 128 DMatch: :distance Wt Bl T 7|&Xt Afo]e] 7{2]2 LIEFHLCE

13 143 DMatch S2A0| ChEt 37| bl HAXE ZHECl0|H, DMatch: :distance B B¥is I8 0|2310

14 bool operator{(const DMatch &m) const; 3718 slw@UCk

5}
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OpenCV

25| 444
— BFMatcher

static Ptr<BFMatcher) BFMatcher: :create(int normType = NORM L2,
bool crossCheck = false);

* normi ype 7|&X}t 22| 24 diAl NORM_L1, NORM_L2, NORM_HAMMING, NORM_HAMMING? = siLiE XI=gt
Ljct (SIFT, SURF,KAZE => NORM_L1, NORM L2, ORB/BRIEF/KAZE => NORM_HAMMING)

« crossCheck 0| 20| truel|™ iy Eo| 7j=X|e} 7(Er SAISH 8 72X} 0|1, M £ 7 =Xl 715
A Eol 7|=Xxi7t ol AL oot ofE Fof2 vHEghcE

« HHEE) BFMatcher ZHIE & Eol= Ptr ADE ZE2IH x|

Ptr{DescriptorMatcher> matcher = BFMatcher::create();

— FlannBasedMatcher

static Ptr{FlannBasedMatcher) FlannBasedMatcher::create();

» HHSR) FlannBasedMatcher ZHMIE EZ=olE Ptr ADIE E2IH 2|

normType: NORM_L2 11



OpenCV

Matching

void DescriptorMatcher: :match(InputArray queryDescriptors,
InputArray trainDescriptors,
std: :vector{DMatch>& matches,
InputArray mask = noArray()) const;

» queryDescriptors 9| 7|&x} &gt
« trainDescriptors =3 7Kt 2
- matches o= Z o}

» mask M2 ofE 7Fsst 2o 7jsxiet 3 7|=XE AHE o ARBEILCE & 2= EHO 7|
=Xt M2t ol otn, E M Y 7iEXp -2t Zolop U e mask,
at{uchar>(i,j) 20| 00|™ queryDescriptors[i]= trainDescriptors[j]= D&
E 7 WaUC noArray ()& AIH6lH 2E 71sE 0fEE Lot

vector{DMatchy matches,
matcher-ymatch(desc1, desc2, matches);
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OpenCV

- Matching 2|7

void drawMatches(InputArray imgl, const std::vector{KeyPoint>& keypointsi,
InputArray img2, const std::vector{KeyPoint>»& keypoints2,
const std::vector{DMatch>& matchesito2,
InputOutputArray outlmg,
const Scalar& matchColor = Scalar::all(-1),
const Scalar& singlePointColor = Scalar::all(-1),
const std::vector{char>& matchesMask = std::vector{char)(),
DrawMatchesFlags flags = DrawMatchesFlags: :DEFAULT);

« imgl

» keypointsi

= img2

* keypoints2

* matchesTto2

* outImg

» matchColor

« singlePointColor

» matchesMask

» flags
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OHEIE SXEIEDL X AAF 010F Scalar: rall(-1)& XIEGI 2ol0] AlAtoz T3|L|ct
DHEIEIX| pI2 SXIA MAF 010F Scalar: tall(-1)8 X|Zi510 ojo| Matoz T2(L|c)
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OpenCV

FEL 14-6 7|22 0§ ofjH| [chi4/matching]
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void keypoint matching()

{

Mat src1 = imread("box.png", IMREAD_GRAYSCALE);
Mat src2 = imread{"box_in_scene.png”, IMREAD GRAYSCALE);

if (srcl.empty() || src2.empty()) {
cerr << “Image load failed!" << endl;
return;

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

vector{KeyPoint> keypointsi, keypoints2;

Mat descl, desc2;

feature->detectAndCompute(srcl, Mat(), keypointsl, descl);
feature-ydetectAndCompute(src2, Mat(), keypoints2, descl);

—_e— e e e e e e e = e = = = = = = = = = === =g

L

Ptr<DescriptorMatcher? matcher = BFMatcher::create{NORM_HAMMING);

vector{DMatch} matches;
matcher-»match(desc1, desc2, matches);

Mat dst;
drawMatches(src1, keypointsl, src2, keypoints2, matches, dst);

- o mm m Em mw mm mw mm Ew mm Em mm mw mm mm mm = o)

imshow( "dst", dst);

waitKey();
destroyAllWindows();
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OpenCV
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OpenCV
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OpenCV

Matching M1 &

— Distance #f 7[=22 LEXAT B8 2 €4 752 matching
Of X =
L T =

vector{DMatch) matches;
matcher-ymatch(desc1, desc2, matches);

std: :sort(matches.begin(), matches.end());

vector<DMatch? qood _matches(matches.begin(), matches.begin() + 58);
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OpenCV
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Homography & Matching

« Homography
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Homography & Matching

 Perspective Transformation
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Homography & Matching

« OpenCV &=

Mat findHomography(InputArray srcPoints, InputArray dstPoints,
int method = @, double ransacReprojThreshold = 3,
OutputArray mask = noArray(), const int maxIters = 2000,
const double confidence = 0.995);

« srcPoints FHE IHAOl H FH, CV_32FC2 EIYQ] Mat x| £= vector{Point2f> EI¢i2]

HE KFERLLC
- dstPoints S5 HHAMol H 33, CV_32FC2 ElYe] Mat 2| T= vector{Point2f> EIgio|

HLE XPEECE
* method ST2Hn| #E Al B OS2 S olliE KR

- 0 - ZE HE AISois YUl g FAxis

« LMEDS — Z|4 H|c|ot HiZ{least-median of squares) 21

* RANSAC — RANSAC gt

* RHO — PROSAC 214
- ransacReprojThreshold  ZOi 518 IS o2, 0] #t O|U2 SEH0| MEYH= AP0 HERZ 75EL

L RANSACT} RHO 2rHoj ot A2 EUch

* mask S| Aol AIBE EHES Y2 FE £2 0143 Y LMEDS2} RANSAC 4
Holl M2 A==l

« maxIters RANSAC Z|tj Hi5 i

« confidence LT 2, 00lA 1 A0[2] dF FIEELICE

« HHERL CV_B4FC1 ElRle] 3x3 22| #AS PBHGiLiC Qiof SoaimiE AjMet 4

Sl o202l Hlof Qs Mat 2|7} HHEHELCE



Homography & Matching

« RANSAC Z12|Z

— Random Sample Consensus [Fitschler & Bolles 1981]

(ex) line fitting example

® ®
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Sample two points ®
° ) L] ® Fit a line to them
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Repeat, until we get a good

Repeat, until we get a good result.

result. s

Total number of points
within a threshold of
line.
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Homography & Matching

RANSAC Parameters

Algorithm 15.4: RANSAC: fitting lines using random sample consensus

Determine:
n the smallest number of points required
k — the number of iterations required
t — the threshold used to identify a point that fits well
d — the number of nearby points required
to assert a model fits well
Until & iterations have occurred
Draw a sample of n points from the data
uniformly and at random
I'it to that set of n points

For each data point outside the sample
Test the distance from the point to the line
against #; if the distance from the point to the line
is less than ¢, the point is close
end
If there are d or more points close to the line
then there is a good fit. Refit the line using all
these points.
end
Use the best fit from this collection, using the
fitting error as a criterion

23



Homography & Matching

TE 14-8 7|201E 0fA 2 S22 32fn)| A4t A [ch14/matching]
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void find_homography()

{

Mat srcl = imread("box.png", IMREAD GRAYSCALE);
Mat src? = imread("box_in_scene.png”, IMREAD GRAYSCALE);

if (srci.empty() || src2.empty()) {
cerr << "Image load failed!" << endl;
return;

Ptr{Feature2D} orb = ORB::create();

vector{KeyPoint)> keypoints1, keypoints2;

Mat descl, desc2,;

orb->detectAndCompute(src1, Mat(), keypointsl, descl1);
orb->detectAndCompute(src2, Mat(), keypoints2, desc2);

Ptr{DescriptorMatcher? matcher = BFMatcher::create(NORM_HAMMING);

vector{DMatch}> matches;
matcher->match{desc1, desc2, matches);

std: :sort(matches.begin(), matches.end());
vector<{DMatch> good matches(matches.begin(), matches begin() + 50);
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Homography & Matching

Mat dst;

drawMatches(src1, keypointsi, src2, keypoints2, good matches, dst,
Scalar::all(-1), Scalar::all{-1), vector<{char>(),
DrawMatchesFlags::NOT _DRAW _SINGLE POINTS);

vector{Point2f) ptsi, pts2;

for (size_t i = 0; i < good_matches.size(); i++) {
pts1.push_back(keypoints1[good_matches[i].queryIdx].pt);
pts2,push_back(keypoints2[good matches[i].trainldx].pt);

Mat H = findHomography(pts1, pts2, RANSAC);

vector<Point2f> cornersl, corners2;
corners!.push_back(Point2f(0, 8));
corners1,push_back(Point2f(srct.cols - 1.f, 0));
cornersi,push_back(Point2f(srcl.cols - 1., srcl.rows - 1.1));
cornersl.push_back(Point2f(@, srcl.rows - 1.f));
perspectiveTransform{corners1, corners2, H);

vector{Point> corners_dst;
for (Point2f pt : corners2) {
corners_dst. push_back(Point(cvRound(pt.x + srcl.cols), cvRound(pt.y)));

}

polylines(dst, corners_dst, true, Scalar(@, 255, 8), 2, LINE_AA);
imshow(“dst", dst);

waitKey();
destroyAllWindows(); 25



Homography & Matching
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Building Panorama

Feature detection
& Matching

Homography
& Transformation
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Building Panorama
« OpenCV 2| A: Stitcher

static Ptr{Stitcher> Stitcher::create(Mode mode = Stitcher::PANORAMA);

» mode 0|0 20|7| B4l Stitcher: : PANORAMA = Stitcher: :SCANSS XKIEEL|CH
- skl Stitcher ZEH|E EZEoH= Ptr ADNE ZEIE x|

Ptr{Stitcher> stitcher = Stitcher::create();
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Building Panorama

I 14-9 A 0l 2017] oflH =2 [chid/stitching]
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#include "opencv2/opencv.hpp”
#include {iostream)>

using namespace cv,
using namespace std;

int main(int argc, char* arav[])
{
if (arac € 3) {

cerr << "Usage: stitching.exe {image file1> <{image file2> [{image file3>

v & ondd ;
return —1;

}

vector{Mat> imgs;
for (int i = 1; i € argc; i+) {
Mat img = imread(argv[i]);

if (img.empty()) {

cerr << “Image load failed!" << endl;
return -1;

imgs .push_back(img);

>
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Building Panorama

Ptr{Stitcher) stitcher = Stitcher::create();

Mat dst;
Stitcher::Status status = stitcher-»stitch(imgs, dst);

if (status != Stitcher::Status::0K) {
cerr << "Error on stitching!" << endl;
return -1,

imwrite("result.jpg", dst);

imshow( "dst", dst);

waitkey();
return O,
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Building Panorama

)él'CEDH§|-D:| stitching.exe imgl1.jpg img2.jpg img3.jpg




