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Introduction toOpenCV

Where to get OpenCV?

Ny Welcome - OpenCV Wiki

& opencvwillowgarage.com/wiki | - Google 2l B-
00 Search Titles || Text
omncv  OpencVWiki  VWelcome
Wiki
RecentChanges
OpenCV FindPage
HelpContents
OpenCV (Open Source Computer Vision} is a library of programming functions for real time computer vision. ULEEITE
OpenCV is released under a @ BSD @ license, 1t is free for both academic and commercial use. It has C++, C, Python and soon Java interfaces running P
on Windows, Linux, Android and Mac. The library has =2500 optimized algorithms (see figure below). It is used around the world, has =2.5M downloads Immutable Page:
and =40K people in the user group. Uses range from interactive art, to mine inspection, stitching maps on the web on through advanced robotics. Info
Sister Projects FUETHTTETE
o ®PCL for 3D processing, © Robot Operating System (ROS) -- OpenCV is integrated More Actions: s
User
Status e

Announcement (5/7/12):

+ Release 2.4 is outlll @ Change log, @ 2.4 Packages
« OpenCV is in Google Summer of Code 2012 @ Project page

« OpenCV now has a new developer site: @ http-/code.opencv.org. A new user site is in progress
« Other Announcements.

Documentation

+ OpenCVBooks: ¢ Learning OpenCV; ¢ OpenCV 2 Cookbook. here
+ @ Online documentation/reference manual (C++/Python/C).

o Old documentation 2.2: & C++ &C, @Python and GPU.
« U C++ Cheatsheet pdf and © Python Cookbook

Downloads

« You can download the @release version (2.4) for & Unix, @ Windows or @ Android.
« For the latest code, see the |nstall Guide

<http://opencv.willowgarage.com/wiki
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Introduction toOpenCV
Where to get OpenCV?
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OpenCV 2.4 Cheat Sheet (C++)

The OpenGV C++ veference manual is here:
http: //docs. opency. org. Use Quick Search to find
descriptions of the particular functions and classes

Key OpenCV Classes

Fomnt_ Template 2D point class

Boint3. Template 3D point cla

Size_ Template size (width, height) class

Voc Template short vector

Macx Template small matrix class

Scalar L-cloment voctor

Rect Rectangle

Range Intoger value range

Mar 2D or multi-dimensional dense array
(ean bo usod to storo matrices, images.
histograms, feature descriptors. voxel
volumes eic.)

Sparseltat Multi-dimensional sparse array

Template smart pointer class

Matrix Basics
(‘rgata a matrix
T image(240, 320, CV_SUC3);
[Rs]nllocate a pre-declared matrix
image.create(480, 640, CV_8UC3);
Create a matrix initialized with a constant
Mat A33(3, 3, CV_32F, Scalar(s));
Mat B33(3, 3, CV_32F); B33 = Scalar(5);
Mat GBB Mat::omes(3, 3, CV_32F)+5.;
Mat lat::zeros(3, 3, CV.32F) + 6.;
Croate a mattix mitialized with specified values
oubla 2 = CV.
Mat A22 = (Mar_<float> (2, 2) <<
cos(a), -sin(a), sin(a), cos(a));
float B22datall = {cos(a), -sin(a), sinfa), cos(a)};
2 = Mat(2, 2, CV_32F, B22data).clome()
Initialize a random matrix
randu(inage, Scalar(0), Scalar(256)); // uniform dist
randn(image, Scalar(128), Scalar(10)); // Gaussian dist
Convert matrix to/from other structures
(without copying the dat:l}
Mat image alias = imay
floats Idata=new flanc[AﬁDtSAa-ﬁ]
Mat 1(480, 640, CV_32FC3, Idata);
vector<Point> iptvec(10);
Mat iP(iptvec); // P - 10z CV_32SC2 matrir
Iplinager 01dC0 = cvCreatelnage(cvsize(320,240),16,1);
Mat newC = cvarrToMat(01dCO);
Ipllmage oldCi = newC; CvMat oldC2 =
«e (with copying the data)
Mat newC2 = cvarrToMat(eldCO).clona();
Vector<Point2f> prvac = Mar_<Point2>(1F);

newt;

Access matrix elements
A33.atefloat>(1,)) = A32.av<iloat>(j,1)+4;

FileStorage fs("test.ynl",
R N

FilsStorage: :WAITE) ;
Patri << MARCT

Mat dyImage(image.size(),
for(int y
Vec3be pravRow

imaga.type());
=1; y < inage.Tous-1; y++) {
image . ptr<Vecdb>(y-1);
image . prr<Vecdb>(y+1);
= 0; y < image.cols; x++)

;€ <3; o)

dyInage. av<Vecdbr(y, ) [c] =
saturate_cast<uchar>(

nextRou[x] [c] - prevRou(x][c]);

Mat_cVec3b>: :iterator it = image.begin<Vec3b>(),

itEnd = inage.end<Vec3b>();
for(; it I= tEnd; ++1T)
i)[1] "= 255

Matrix Manipulations: Copying,

Shuffling, Part Access

src. copy Copy matrix to another one

src. convertTo(dst, type,scale,sh Scale and convert to
another d:

m.clone() Make doep copy of a matrix

m.Teshape(nch,nrows) Change matrix dimensions and/or mum-
ber of channels without copying data

m.row(i), m.col(i) Take a matrix row /column

m.TowRange (Rangei1,12)) Take a matrix row,/column span

¥ colkange (Rangoy1,12))

w.diog(i Take & matrix diagonal

m/)langs[li,12},Ra.nge(]i,]?)'/, ke a submatrix

m(roi)

u.Tapeat (ny,nx)

flip(sre,dst,diry

Make a bigger matrix from a smallor one
Rovorse the order of matrix rows and /or
columns

split(...) Split multi-channel matrix into separate
channols
merga(...) Make a multi-channel matrix out of the

separate channels
Generalized form of split() and merge()
Randomly shuffle matrix clements

xChannels (... .)
randshufsle(...)

Example 1
Mat imgroi =

Smooth imago ROT in-place
inags (Rect(10, 20,
Toi, imgroi,

E mnp]« 2. Somewhere in a ]u

m.rou(1) += m.row(j)eal
nunpm 3. Copy image ROL o anothor imago with conversion
03 5

100, 100));
1.2, 1.2);

lgebra algorithm

Hnt dstroi = dst(Rect (0,10,r.width,r.height));
src(r) .convertTo(dstzoi, dstroi.type(), 1, 0);

Simple Matrix Operations
OpenCV implements most common arithmetical, logical and
other matrix operations, such as
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Simple GUI (highgui module)

* add(), subtract (). multiply(), divide(), absdiff ()
bitwise and(), bitwise or (), bitwise xor(), max ()
2in(). compare ()

correspondingly, addition, subtraction, element-wise
multiplication ... comparison of two matrices of a
matrix and a scalar.

mple. Alpha eompositing funetion:
woid alphaCompose (const Matk rgbai,
const Matk rgba2, Matk rgbadest)

Mat ai(rgbal.size(), Tgbal.type()), rai;
Mat a2(rgba2.size(), TgbaZ.type());

1t mixch0=(3, 0, 3, 1, 3, 2, 3, 3};
mixzChannels(krgbal, 1, &ai, 1, mixch, &);
mixChannels(krgba2, 1, &2, 1, mixch, 4);
subtract (Scalar: :all(265), a1, rai);
bitwiseor(a, Scalar(0,0,0,256), at);
bitwise or (a2, Scalar(0,0,0,356), a2);
mltiply(a2, Tal, a2, 1./255);
multiply(at, Tgbal, ai, 1./265);
miltiply(a2, Tgba2, a2, 1./285
addcat, a2, rgbadest);

 sum0), Bean(), meanStdDev(), norm(), countNonZaro()
minMaxLoc ()
various statistics of matrix elements.
+ exp0), og(), pow(), sqre(), cartToPolar()
polarToCart ()
the classical math functions.

invert(), solve()

* scaleAdd(), transpose(), gemn()
determinant (), trace(), eigen()
the algebraic functions + SVD class

® dft), 1dft0), det(), 1deT O,

discreto transformations

ourier and cosine
For some operations a more convenient algebraic notation can
be used, for example:
Mat delta = (J.t()*] + lambdas

Mat::eye(J.cols, J.cols, J.type()))

1nv(CV_SVD)#(J.t()*erT);

imploments the core of Levenberg-Marquardt optimization
algorithm.
Image Proce:
Filtering

ing

£11%er200) Non-separable linear filter
sapFilteraD() Separable linear filter

boxFilter() Smooth the imago with ono of the linoar
GaussianBlur () or non-linear filters

medianBlur{)

bilateralFilter()

Sobal(), Scharr () Compute the spatial image derivatives
Laplacian() compute Laplacian +&F

eroda0), dilataO)  Morphological operations



Introduction toOpenCV

#include and namespace

Include Namespace

These are the most common All OpenC\Munctions
include files are use the namespace
#include < opencv / cv.h > using namespace cv;
#include < opencv / highgui.h > cv:: functionName ();
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Images and Matrices

How to use them?

i Images and Matrices _ v i
- arerepresented by cv::  Mat Image(240, 320, CV_8UC3); |
| the same type. |

e e e e — — — — — — — — — — — —— e e

—_———— e e e e e — ———

320 |
T .-.-.-. CV _8UC3
) 8U
Datatype: 8U, 85

l HEEREEEN - . C3 |
e s s s o s s o umber of Channels:
° ° ° ° ° ° ° ° Cl, C2, C3, C4
HEREEEN Default: C1

I
I

I
| |
I I
I I
I I
I I
I I
| |
| 16U, 16S, 32F, 64F !
I

I
| |
I I
I I
I I
I I
I I
I I

I
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Images and Matrices

How to initialize?

HEEREEEREE Vatix initialized as |dentity
..-.-.- cvi:Mat 188
.-.-.-. = cvi::Mat:: eye(S8, 8, CV_32F);
HEEEEERER
HEEEBEEE
EEEEEENN
HEEEEEER
HEEEEENER
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Images and Matrices

How to initialize?

BEEBRBEEE Vatix initalized with zeroes
ﬂﬂﬂﬂﬂﬂﬂﬂ cv:Mat D88
nnnnnnnn = cvi:Mat::  zeros(8, 8, CV_32F),
ofofofolojofofo]

ofofofolojofofo]

ofofofolojofofo]

ojojofojojojolo

(0l0jol0l0l0l0]0
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Images and Matrices

How to initialize?

Matrix initialized with ones
cv:Mat D88

= cv::Mat :ones(8, 8, CV_32F);
BEBEBBEBERN

HEBBBEBERN

1]afafafafafa]a]
1]afafafafafa]a]
BERaRRaN
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Images and Matrices

How to initialize?

Matrix initialized with a constant
> cvi:Mat A88(8,8, CV_32F);
5 A88 = cv::Scalar(5 );

5|

B

cv:.Mat B88(8, 8, CV_32F, cv:Scalar(5 );
ovoMat 88

= ;:.v::Mat:: ones(8, 8, CV_32F) *5

cv:Mat D88
= cv::Mat::  zeros(8, 8, CV_32F) + 5,
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Images and Matrices

How to initialize?

Matrix initialized with specific values

EEBRRENER

ﬂﬂ... float E88data []

BERBERERE -o0: 23 .63
BEEEIBEEIEIEY c :Vvat Ess

.-.-. = cvi: Mat(s8, 8, CV_32F, EB88data ).clone();
o[ ]eafsf o] o]

o oo oo fm s

EEERRRRN
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Images and Matrices

How to access the elements?

To access an element

im.at<float >(idx );
im.at<float>( row,col );

Depends on the
Matrix Data Type

For example
im.at<float>(26) = 1;
im.at<float >(3,2) = 1;
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Images and Matrices

How to access the elements?

To access aubmatrix

im.row (i); im.col (i);

im.rowRange (cv :: Range(rO,rn ));
im.colRange (cv :: Range(cO,cn));

im(cv:: Range(rO,rn ),cv::  Range(cO,cn));

llllllll
........ For example
.-.-.-.- im (cv::Range(2,5),cv::Range(1,6));

How do you get the 3x3 rotation
matrix Rand 3x1 translation matrix R = (cv::Range(0,3),cv::Range(0,3));

from a 4x4 extrinsic matrik44?
= (cv::Range(0,3),cv::Range(3,4));

T

C b
ony by How to copy

AddU by value?
.-.- .clone()
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Images and Matrices

Scalar Operators and Matrix Operators

Scalar Operator

cvi:Mat im2 =im + 5;

HE HE
HEN + o | |
HEN HEN

cvi:Mat im2 = im 5;
HE
o | |
HEN

cvi:Mat im2 =im * 5

HE HE
HEE » o | | |
HEN HEN
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Matrix Operator

cvi:iMat mat=matl + mat2;

Bl HE BB
HEE - BEE - RN
HEE EBEE RN

cv::Mat mat = matl - mat2;

cv::Mat mat = matl * mat2;

HE BN
HEH »« - HH - EEN
HEE HE HEN




Matrices
Simple Math Operators

Matrix Transpose
mat.t()

r N T
HEE - BEn
HER
\ J

Matrix Inverse
mat.inv ()

r D
=
\ /
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Matrix Operator

cvi:iMat mat=matl + mat2;

Bl HE BB
HEE - BEE - RN
HEE EBEE RN

cv::Mat mat = matl - mat2;

cv::Mat mat = matl * mat2;

HE BHE
HEHE >« HE-HER
HEE (BN EEN




Images

How to input or output an image?

é N

Load Image Save Image
Read image from disk Write image to disk.
cv: imread (filename,0/1); cv:: imwrite (filename,im );
0: read as grayscale image
1: read as color image
Visualize Image
Show image in a window. Waits n milliseconds for user input
cv:: imshow ( title,im ); —> cv:. waitkey (n);
Note: if CV_32FC1, the gray value If n ==-1, it waits forever.
range is O to 1. Everything above 1 is Note: There must be waitkeyto
k white and everything below 0 is black / show the image.
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Images

Simple Image Operations

{ cvi: cvtColor (colorim , graylm , CV_BGR2GRAY);

Smoothing
cv:: GaussianBlur (src, dst, ksize ,sigma );

~—
cv::Size(width, height)

¥ Gradients

cv:: Sobel (src, dst, ddepth , xorder , vyorder );
—_— Y
destination Order of the Order of the
imagedepth  derivative x  derivativey
e.g CV_32FC1
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Images

Drawing Primitives

cv:: line (im, , b2 ,color,thickness);
e
cvi:Point( Xy )

cv:: circle (im, c, r,color,thickness );
e
CV_RGB(, g, b)
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User Interface

How control a window using keyboard or mouse?

Window cv:: namedWindow( windowName)

Create and cv:: destroyWindow ( windowName)
Destroy Window.

Keyboard const int key=cv: waitkey (-1);

Wait for user to If (key ==" ')
press key. {
// Do Something
}
Mouse cv:: setMouseCallback (windowName,
Setupamouse  mgyseHandler , NULL );

handler.

void mouseHandler (int event, int X,
int vy, int flags, void * param)
{
if (event == CV_EVENT_LBUTTONDOWN)
/[ Do Something

}
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GUI Elements

Trackbar
C e e e e e |
| Trackbar |
. int createTrackbar (const string& trackbarname | |
. const string& winname, int * value, int  count, |
i TrackbarCallback onChange =0, void* userdata =0); i
I

int sigma = 0;
cv:: createTrackbar ("sigma", "image", &sigma, 500);
while (true)
{
cvi:Mat smoothim ;
cv:: GaussianBlur (im, smoothlm , cv::Size(5,5), sigma/100.0f);
cv:: imshow ("image", smoothim );
cv:. waitkey (10 );
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Demo
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