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OpenCV

OpenCV (Open Source Computer Vision} is a library of programming functions for real time computer vision.

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
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
and =40K people in the user group. Uses range from interactive art, to mine inspection, stitching maps on the web on through advanced robotics.

Sister Projects
o @PCL for 3D processing, € Robot Operating System (ROS) -- OpenCV is integrated

Status

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
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Introduction to OpenCV
Where to get OpenCV?

Example. Filter image in-place with a 3x3 high-pass kernel FileStorage fs("test.yml", FileStorage: :WAITE); Simple GUI (highgui module)
Ineesarve nemativa resnonses v shifting the resnlt by 1981 £5 << 198 << K <¢ 1Pl ¢ 3.4 << Vatrl << ARCTRFGH [
£l
Ge
;::: OpenCV 2.4 Cheat Sheet (C++) et dyfoagstinage size0), image.type0)); o add(), subtract (). mltiply(), divide(), absdiff ()
B | fortint y = 1; y < image.rows-1; y++) { bitwiseand(}, bitwiseor (). bitwisexor(), max ()
g The OpenGV 't + reference man here: Vecdbe prevhow = image.ptr<Vecibs(y-1); in(), conpare ()
i | http: //docs. opency. org. Use Quick Search to find image . prreVecibs (y+4); correspondingly, addition, subtraction, element-wise
i | descriptions of the particular functions and class y < image.cols; xe+) multiplication ... comparison of two matrices or a
- e o Jc<d; o matrix and a scalar.
Key OpenCV Classes dyInage . at<Vec3b>(y,x)[c] = Example. Alpha compositing function
o | Point_ Template 2D point class saturate_cast<uchar>( void alphaComp . "
- z e ) v phaComposa (const Matk rgbai,
Mat. Pointa_ Template 3D p nextRou[x][c] - previowlx][c]); ouss Ravt 1gbas, Mtk rgvedest)
Size_ Template size (width, height) class )
Vay Voc Template short vector Hat_Vec3b>: :iterator 1t = image.DeEInCVSCI>O), P bat. oy "
| Matx Template small matrix class itEnd = inage.end<Vec3b>(); al(rghal.size(), Tgbal.type()), ral;
Scalar L-cloment voctor for(; it I= itEnd; ++t)
ctangle 1 55;
o Rect Rectangl @in (1]
adll Range Intoger value range
| Mar 2D or multi-dimensional dense array
(ean bo usod to storo matrices, images. e Nand ones Convi
Nistograms, foature descripiors, voxel  MAtTX Manipulations: Copying,
inte . - Shuffii Part Accoss bitwise or(a2, Scalar(0,0,0,256), a2);
b | . ohmede) huffling, Part Access Fultiply(a2, ral, a2, 1./758);
Sf“‘“?"“ T \“HH’:H Tt pomter e sre. copy Copy matrix to another one multiply(al, rghai, ai, 1./256);
wat x emplate smart pointer class sze. convertTo(dst, type,scale,sh Scale and convert to multiply(a2, rgba2, a2, 1./256
ral rix sics another d: aad(al, a2, rgvadest);
g atrix Basics . g
Create a matrix m.clone() Make doep copy of a matrix }
\magatad0, 320, CY.SUGI); u.reshaps (nch,arows) Change matrix dimensions and/or mum- « sum(), momn(), moanStDay (), norm(), commEonzaro()
Hi [Rs]nlloc;\%e o Drodoclared mutrix ber of channels without copying data e v ¢
;| m.Tow(i), B.col()  Take a matrix row /column

image.create (480, 640, CV_8UC3); various statistics of matrix elements,

o (41,12)) Take a matrix row,/column span
Create a matrix initialized with a constant m.TowRange (Range(i1,12)) Take a ma / spa ) R N R
calt e T B cotfange Rango 1, 12  exp(}, log(), pow(), sqre(), cartToPolar()
L | Y 3 4 n.dia Take a matrix diagonal polarToCart()
Mat E33(3, 3, CV32F); B33 = Scalar(s); e (i =
d Mat 033 Mat::iones(3, 3, CV32F)e5.; m/naugeili,l:;,Ram;e(]t,m‘/, ke a submatrix the elassical math functions
i | Mat jat: :zeros (3, 3, CV.32F) + 5.; m(roi) . . » scaleAdd(), transpose(), gemn(), invert(), solve()
- Cre:te . m“m Initialized with specifiod valucs u.Tapeat (ny,nx) Make a bigger matrix from a smaller determinant(), trace(), sigen(), §
s ouble a = CV.PL/3; fliptsrc,ast,airy  Roverso the order of matrix rows and; the algebraic functions + SVD <lass
i | Mat A22 = (Mat.<float>(2, 2) << . ;"*L":"m" el et it eparat o AfTO, 18180, der O, 1dct0
int cos(a), -sin(a), sin(a), cos(a)); spet ey el matrix fno separate discrete Fouricr and cosine transformations
b | {Loat ggf“:;‘;g = leosta), ’;;;;:t);fc‘f;:(' S0s@b pergec s Make a multi-channel matrix out of the For some operations a more convenient algebraic notation can
Initintizo & randor maote | - separate channels be used, for example:
ca randu(image, Scalar(0), Scalar(256)); // uniform dist ixChamnelsC...) ‘R‘;‘"‘;"“"{“‘?]ﬁ’;‘”\ ‘)fj”!“_'{]‘)"‘{ meree)  par delta = (J.t()sJ + lanbdas
o randn(inage, Scalar(128), Scalar(10)); // Gaussian dist T2RdSHUEE1eC...) andomly shuffie matrix elements Mat::eye(J.cols, J.cols, J.type()))
| Convert matrix to/from other structures 10V(CU_SVD)* (J.T () %a1r) 3
(without copying the dm‘} Example 1. Smooth image ROI in-place implements the eore of Lovenberg-Marquardt. optimization
Da Mat image alias = imy Mat imgroi = image(Rect(10, 20, 100, 100)); algorithn,
| Hioste Tiatocnas Flost (4300640031 CaussianBlur(ingroi, imgroi, Siza(5, 5), 1.2, 1.2);
| Mat I(480, 640, CV.32FC3, Idata); Emnp]« 2. Somewhere in a lincar algebra algorithm Image Proce:
vector<Point> iptvec(10); m.Tow(i) += m.row(j)+alpha; Filtering
Wai Mat 1P(iptvec); // P 1021 CV_325C2 matriz Example 3 Copy imags ROT to another imago with comerson tering X
a Iplinager 01dC0 = cvCreatelnage(cvsize(320,240),16,1); T, 1, 10, 2005 £1lter200) Non-separable linear filtor
Mat newC = cvarrToMat (01d00); rm dstroi = dst(Rect(0,10,r.width,r.height}); sepFilteraD() Separable linear filter )
Iplimage oldCi = newC; CvMat oldC2 = newC; srclr) .convertTo(dstroi, dstroi.type(), 1, 0); boxFilter() Smooth the image with one of the lincar
... (with copying the data) GaussianElur () or non-linear filters
Mat meWC2 = cvarrToMat(oldco) .clona() ; nedianElur()
VeCtorcPoint2f> ptvac = Mat <POINt2f>(1F); - o TR bilateralfilter()
Simple Matrix Operations Sobel(), Scharr()  Compute the spatial image derivatives
;| Access matrix elements OpenCV implements most common arithmetical, logical and  Laplacian() compute Laplacian + 54
A33.atefloav> (1,]) = A33.at<float>(3,1)+1; other matrix operations, such as eroda@), dilata)  Morphological operations

<http.//docs.opencv.org/trunk/opencv_cheatsheet.pdf>
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Introduction to OpenCV

#include and namespace

Include Namespace

These are the most common All OpenCV functions
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?

| |
| Images and Matrices |
| are represented by cv::Mat image (240, 320, CV_8UC3); |
: the same type. :

e e e e — — — — — — — — — — — —— e e

—_———— e e e e e — ———

|
.|

CV_8UC3

8U
Datatype: 8U, 85

|
| |
| |
| |
| |
| |
| |
| |
| :
| 16U, 165, 32F 64F |
|

|
| |
| |
| |
| |
| |
| |
| |

|

C3

Number of Channels:
C1, C2,C3, 4
Default: C1

® ° ) ) ° ) [ J
° ° ° ° ° o ° [
o e ° ° ° L] ° °
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Images and Matrices

How to initialize?

BEEREEREERE oatrixinitialized as Identity
....... cv::Mat 188
....... = cv::Mat::eye (8, 8, CV_32F);
HEEEEEEN
HEEEEBEEN
HEEEEAEN
HEEEEEER
HEEEEEEER
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Images and Matrices

How to initialize?

EEEEEEEE Matrix initialized with zeroes
cv::Mat D88

EEEEEEEE = cv::Mat::zeros (8, 8, CV 32F);
ofofojofojojojo

ofofojofojojojo

ojojojofofojo]o]

[ofolojojojo]o]o]
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Images and Matrices

How to initialize?

Matrix initialized with ones
cv::Mat D88
= cv::Mat::ones (8, 8, CV_32F);
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Images and Matrices

How to initialize?

BEBBBEBEBEEBEE Vot initialized with a constant
ﬂuuuuﬂﬂ cv::Mat A88(8, 8, CV _32F);

u AB88 = cv::Scalar(b);

H cv::Mat B88(8, 8, CV 32F, cv::Scalar(5));

uuuuuuﬂ cv::Mat C88

u = cv::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

float E88datal]
= {0, 1, 2, 3, ..., 063};
cv::Mat ES88
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Images and Matrices

How to access the elements?

To access an element:

im.at<float> (1dx) ;
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 a submatrix:

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

HEn

BEER

ﬂ.. im.rowRange (cv: :Range (r0, rn));
ﬂﬂ. im.colRange (cv: :Range (c0,cn));

H.. im(cv::Range (r0, rn),cv::Range (c0,cn)) ;

o f ool fe o]y
........ For example:
.-.-.-.- im(cv::Range (2,5),cv::Range(1,6));

How do you get the 3x3 rotation

matrix R and 3x1 translation matrix R = (cv: 'Range (0,3),cv: 'Range (0,3)) ;
from a 4x4 extrinsic matrix E44? o ! ! o ! !

= (cv::Range (0,3),cv::Range(3,4));

T
Copy b
Py oy How to copy

Address
J by value?
(oo lo] ] _clone ()
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Images and Matrices

Scalar Operators and Matrix Operators

Scalar Operator Matrix Operator

cv::Mat im2 = im + 5; cv::Mat mat = matl + mat2;
HE Bl HE HE BN
HEHN - BN - RN

HEN + = HEN
HEE HEE HEE HEEE EEN

cv::Mat im2 = im - 5; cv::Mat mat = matl - mat?2;

cv::Mat mat = matl * mat?2;

HE HE
HEHN > - HE - EER
HEE (BN EEE

-

=
>€

U1

cv::Mat im2 =

Hl
HEE »
HEE

.
14
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Matrices
Simple Math Operators

Matrix Transpose
mat.t ()

r N T
HERn HER
Bl - BEn
HaRa Han
\ J

Matrix Inverse
mat.inv ()

r D
|IIIII!| |‘ll'l!|
= '
|IIII"II |IIIIIII

\ /

INTRODUCTION TO OPENCYV - Stefan Holzer, David Joseph Tan

Matrix Operator

cv::Mat mat = matl + mat?2;

Bl HE BB
HEE - BEE - RN
HEE EBEE RN

cv::Mat mat = matl - mat?2;

cv::Mat mat = matl * mat?2;

HE HE
HEHN > - HE - EER
HEE (BN EEE




Images

How to input or output an image?

4 Y

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

\. Wy,
4 Y

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 a waitkey to
\ white and everything below 0 is black. / show the image.
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Images

Simple Image Operations

cv::cvtColor (colorIm, grayIm, CV BGRZGRAY) ;

Smoothing
cv::GaussianBlur (src, dst, ksize, sigma);
~—
cv::Size(width, height)
Gradients

v::So0bel (src, dst, ddepth, xorder, yorder);
— V) ——
destination Order of the  Order of the
image depth derivative x  derivative y

e.g. CV_32FC1

INTRODUCTION TO OPENCYV - Stefan Holzer, David Joseph Tan



Images

Drawing Primitives

cv::1line (im, , ,color, thickness);
~—
cv::Point (x, V)

P2

cv::circle(im,c,r,color, thickness);
~—
CV_RGB(r,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 == 'a')
press key.

{
// Do Something

Mouse cv::setMouseCallback (windowName,
Setup a mouse mouseHandler, NULL ) ;
handler.
volid mouseHandler (int event, int x,
int y, int flags, voild *param)
{
i1f (event == CV_EVENT_LBUTTONDOWN)
// Do Something
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GUI Elements

Trackbar

Trackbar

I

i

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

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