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- OpenCV
- 2|0|: Open Source Computer Vision Library
- 50004 Ol &2 &2t E2l&=
- Computer vision
- Image processing
- Math library
- 0|2 EEHAHOI SAH9| &5
- ESE0|0 JFECH (C/C++)
- Absolutely free!
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- 19993 2 € Intel AFJF OHEY
- http://www.intel.com/technology/computing/opencv/index.htm

- Avalilable on Windows, Linux and MacOSX.
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- Computer Human Interaction (HCI)
- Segmentation and Recognition

- Face Recognition

- Gesture Recognition

- Motion Tracking

- Motion Understanding

- And so on
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- OpenCV C}2 & A X

- http://sourceforge.net/projects/opencvlibrary/
- Kpalel 2 A Aol 2= = Al versiong CH2 &S
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- Windows7 32bits, vc10(visual studio 2010), OpenCV 2.1 7| & (CHE
Azt=1te| S8k & 2|3l visual studion 2010 M| M 32bits 2 A X
St 25 £¢)

&Ly 7-Zip self-extracting archive' M. RS 0 ® g

Extract to:
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- ZZ2ME L& main.cpp A= EH0 dIl & E =&
- [OpenCV & x| ZH]bin
- Z oo dIl Tt E 25 E “windows” ZEof| 2 A}
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FE M0|E §f Cah
- #include <opencv\cv.h>
- #include <opencv\cxcore.h>
- #include <opencv\highgui.h>
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- Summary
1. OpenCV= CI2
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CvPoint
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CvSize

- width, height= 0| &35t0f o|o|X|e| 7|2 E3 &t uf

CvRect
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CvScalar
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Table 3-1. Structures for points, size, rectangles, and scalar tuples

Structure
CwPoint

CwPoint2032f
CvPoint3D3z2f
vSize
(vRect

(wScalar

Contains

int x, y

float x, y

float x, vy, z

int width, height

int x, y, width, height
double val[4]

Represents
Pointin image
Points in K2
Points in K3

Size of image
Portion of image
RGBA value
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B CWindowstsystem32¥tem B

==CvPoint==

¢ =5, y =15

==CuSize==

width = 648, hight = 488
==CuRect==

-iginclude <opencytcy. h=
#include =<opencwficycore, h=
ginclude =opency®highaui.h=

—int main{}
{
CvPoint point = cyPoint{5,5)
Cviize size
CvRect rect

printf{ "==CvFoint==%n")

printf{"==Cv3ize==tn"

n ==

scalar.vallo],
scalar.vall1],
scalar.vall2],
scalar.val[3] k.

return 0

x = 18, v = 38, width = 5. hight = 5§

==Cu8calapr==
vallB] = 255.888600A,. vallll = 255.888068A, vall2]1 = 255 .8680BAA. vall3] = A.BA0B06A

cysize( 640, 4800
cvwRect{10, 30, &5, &1
Cv3calar scalar = cwScalar(255, 255, 255

printfi s = &d, ¥ = Ed¥n", point.®, point.y)

printf{“width = #Zd, hight = #d¥n", size.width, size.height )

printfi"==CyRect==t%n")

printf{"s = &d, v = #d, width = #d, hight = #d#n", rect.x, rect.v, rect.width, rect heighth:
printf{"==Cy3calar==tn" )

printf{"walldl = £I1f, wall1]l = ZIF, wall2] = EIf, wall3] = Z1ffn",
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- Iplimage
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- CvArr= CvMate| F4t 7|8k Z2f A Iplllmage= CvMatE &%

- CvArr EfI0| AFZEl Xt2|o| = CvMat* EE+= Iplimage*

= o
Efel

CvArr

Iplimage

Figure 3-1. Even though OpenCV is implemented in C, the structures used in OpenCV have an
object-oriented design; in effect, Ipllmage is devived from CyMat, which is derived from CvArr
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- T A M2

Example 3-1. CvMat structure: the matrix “header”
typedet struct CvMat {

int type;
int step;
int* refcount; // for internal use only
unien {
uchar* ptr;
short* s;
int# i;

float* fi;
double* db;

} data;
union {
int rows;
int height;
b
union {
int cols;
int width;
b

b CvMat;



CvMat T+ =X

- MxN float E} &} 22 BHE 7|
- CvMat *matrix = cvCreateMat(M, N, CV_32FC1);

- cvReleaseMat(&matrix);
Y s HE

- cvmSet(matrix, i, j, 2.0);

- float value = cvmGet(matrix, i, j);

- matrix->data.fl[i*matrix->cols+j] = 2.0;

- float value = matrix->data.fl[i*matrix->cols+i];
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- Ipllmage (Image Processing Library)
- Image structure

- cvMat2 4535t 42 Edsh|of Heget Rt eES2 7L U=

/41 — separate color channels

/¢ cvCreatelmage can only create interleaved images
-— int origin; A5 0 - top-left origin,

/41 — bottom—left origin (Windows bitmaps stvle)
|— // size of aligned image row in bytes
[-— int imageSize: /4 image data size in bvtes = height*widthStep
|-—|struct _lplROI *roiJP/ image ROl. when not MULL specifies image
[ /7 region to be processed.
|-= char =imageDatalriain: // pointer to the unaligned origin of image data
| /¢ (needed for correct image deallocation)
|
|-—— int align: A Al Tgnment of image rows' 4 or B byvte al ignment
| A OpenCY ignores this and uses widthstep instead
|-- char colorMedel[4]: // Color model - ignored by OpenCy

el Image
|- |int nChannels: /¢ Number of color channels (1,2,3.4)
[-- lint  depth; /4 Pixel depth in bits:
| /¢4 IPL_OEPTH_BU, IPL_DEPTH_AS,
[ /¢4 |PL_DEPTH_16U, IPL_DEPTH_165,
| A4 IPL_DEPTH_325, IPL_DEPTH_32F,
| /4 |PL_DEPTH_B4F
|-=lint width: // image width in pixels
[-=|int height; A image height in pixels
|- |char* imageData; /4 pointer to aligned image data
| /7 Note that color images are stored in BGR order
|-— int datalrder: /70— interleaved color channels,
[
|
|
|
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iInt nChannels
- Number of color channel(ex: gray->1, rgb color->3)

- Int depth

- Pixel depth in bits(ex: IPL_DEPTH_8U, 8bits unsigned char, 0~255)
- Int width

- Image width in pixels
- Int height

- Image height in pixels
char* ImageData
- Pointer to aligned image data

Int widthStep
- Size of aligned image row in bytes
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- ImageData
- OpenCV< HIE{ & F 35t X
- 7I2E B, G, R A

= XH2

el

22 ME

ol

Green(1,1) Blue(1,2) Red(1,2)
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Height
A

Blue(1,1) Red(1,1) Green(1,2)
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- ImageData
- (unsigned char)img->imageData[y*img->widthStep+x]
cf. 3 channel : imageData[y*img->widthStep+channel*x+0,1,2]
- pData = (unsigned char*) img->imageData
pDataly*img->widthStep+channel*x+0,1,2]

- 8bit 1 channel
- (unsigned char) img->imageData [image->widthStep*y+x]

- 8bit 3 channel
- B: (unsigned char) img->imageData [image->widthStep*y+3*x+0]
- G: (unsigned char) img->imageData [image->widthStep*y+3*x+1]
- R: (unsigned char) img->imageData [image->widthStep*y+3*x+2]



L
Iplimage 2= 4| — Pixel data & =

- CvScalar

- 474 ol5ke] RAE MEE = UES THE T =A|

struct CvScalar

{
J

double val[4];

- 012 blue, 12 green, 2H 2 redgt=S M &

- Example)
CvScalar s;
s.val[0]=200; (Blue)
s.val[1]=11; (Green)

s.val[2]=123; (Red)
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- CvScalar cvGet2D(Iplimage* ,y ,x)
- (x,y)oll A2l intensity @t & 7|
- Example)
CvScalar s;
s=cvGet2D(img, 30, 40);
- Void cvSet2D(Iplimage* |y ,x ,CvScalar)
- (Xx,y)0oll A1 2] intensity gt 814

- Example)
Cvscalar s=cvScalar(100,0,0);
cvSet2D(img, 30, 40, s);
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O|0|X| parameter ==

—l#include <opencwifcy. h=
#include <opencyMcxcore. h=
#include <aopencyvlihighaui. h=

=il 1 ~
Er C:¥Windows¥system32#cmd.exe [ =L, I%J

600

+idth:6060 -
he ight :525

+idthStep:-18060

nChannels:3

=Ty

i=150;

unsianed char b=img-=imageDatali+ima->widthitep+3+i+0];
unsianed char g=img-=imagelatali+imga-=widthStep+3+i+1];
unsianed char r=img-=imageDatali+ima->widthitep+3+i+2]1;

printf{ "width: £d #nheight: ¥d $nwidthstep: Zd Ynnchanne s Zd ¥ndepth: £d #nb: £d #no: Zd #nriZd #n”,
width, height, widthstep, nChannels, depth, b, g9, rk

cvRelease magel &ing)

return 1.
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- Iplimage* cvLoadlmage(image_path);
- nfd =2 £H O|0|X|E gi=C}
- s Ed HEE[ 7 4= 0]A Iplimage pointerE Bhet
- Alojfgh A NULL gt= ghat
- Iplilmage* cvCreatelmage(size, depth, channel);
- Ipllmage =& 2| M 22| & M4 5to 1 ZlE = et
- cvSavelmage(image_path, Iplimage *);
- O|0|X| & ojd = XN ZE
- cVReleaselmage(lplimage **);
- O|O|X| & M &5t U M 22| Z of &|
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- cvNamedWindow(window_name);
- AR E WM, A0 0|EZ F0{5t04 O| O| B2 7| ZE2=2 T
T == L
- cvShowlmage(window_name, Iplimage?*);
- T0{Zl o| Bof &l &= R =0l o|o|X| & &
- cvDestroyWindow(window_name);

- TO01Zl O] &0l sl E5t= A =FE A
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S#include <opencyd)
finclude =opency
finclude =opency

=int maing )
{
IplImage + i
i i img==MULL
return 1

cyMamedilindoyls
cwEhow | mage
cyllaitkey(0)
cyvbestrovillin

cvwReleaselma

return 0.
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- 3-chann

=#include =ope
#include <ope
#include =ope

=int maing )

Ipl Image

P img==N
retur

Ipl Image
img_lchan
int =, w

unsigned
double in

}

cyEhow Ima
cyllaithey
cvReleaselmage(&ing )

cvReleaselmagel &img_1channel )

return 0;
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- pixel data 2= O £l A 37| #si Wrapper class (& F)

=#pragma ance

template<class T=
Hclass Clplimagelrapper

{
private:
IplImagex imgp; H N9 o|ls
e pixel =22 ¢l et
ClplimageWrapper( Iplinages img=0) {imgp=img;} - A
~Clplimagelrappert 3 imap=0;} p0|nter Eg{
void Bind{ Iplimage+ ima) {imgp=ima:}

void operator={IplImages img) {imgp=img:}
= inline T« operator[]{const int rowindx) { &
return ((T +J imgp-=imagelata + rowlndx+ingp-=widthstep)l:

Stypedef structf

=} RabPixel.

Eltypedef structf

float b.g.r;
1} RabPixelFloat:
(®)
typedef unsigned char  BYTE: UChar type——l r, g,
tvpedef ClplimagelNrapper<RabPixzel= Rablmage: b "‘i! IAE-" ZAI-
typedef ClplimageWrapper<RabPixelFloat> RablmageF loat:
typedef ClplimagelNrapper<BYTE= Bwlmage;
typedef ClplimageWrapper<float= BwlimageF |oat.
| typedef ClplimageWrapper«<int= Bwlmagelnt:




L
IplimageWrapper

- Color image
- Rgblmage wimg(img)'
- Rgblmage wimg= Iplimage *img2| datas =+
- wimg|[y][x].r : red channel pixel intensity
- wimg[y][x].g : green channel pixel intensity
- wimg[y][x].b : blue channel pixel intensity

- Gray image

- Bwlmage wgimg(gimg);
- Bwimage wgimg= grah 0|0|X| ¢l Iplimage *gimg<2| dataE =&

- wgimg[y][x] : gray pixel intensity
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#include <opencv2/opencv.hpp> I pl I mag eWI‘appel‘
#include <opencv2/core/core.hpp> = —Lol|
#include <opencv2/highgui/highgui.hpp> 0-” L_‘-l 'U'I_ =

#include "IpllmageWrapper.h"

int main()
{
Iplimage*img = cvLoadlmage( "lena.jpg", CV_LOAD_IMAGE_COLOR );
if(img == NULL )
{
fprintf(stderr, "cannot load image\n");
exit(0);
}

const int width = img->width;
const int height = img->height;
const int min_width_and_height = std::min( width, height);

1E
[
\ L2
ry

Rgbimage wimg(img);
for(inti = 0; i < min_width_and_height; i++)

{

wimg([i][i].r = 255;
wimg[i][i].g = 0;
wimg([i][i].b = O;
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Iplimage*gimg = cvCreatelmage( cvGetSize(img), IPL_DEPTH_8U, 1);
cvCvtColor(img, gimg, CV_RGB2GRAY );

Bwimage wgimg(gimg);
for(inti = 0; i < min_width_and_height; i++)

{
}

wgimg[min_width_and_height-i-1][i] = 255;
cvNamedWindow("img");
cvShowlmage( "img", img);

cvNamedWindow("gimg");
cvShowlmage( "gimg", gimg);

cvWaitKey(0);

cvReleaselmage(&gimg);
cvReleaselmage(&img);

return O;
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- cvSmooth

( const CvArr* src, CvArr* dst, int smoothtype=CV_GAUSSIAN, int
param1=3, int param2=0, double param3=0, double param4=0 )

- cvMorphologyEx

( const CvArr* src, CvArr* dst, CvArr* temp, IplConvKernel* element,
Int operation, int iterations=1)

- Dilate: Z|CHgt A4 512 S99 =E

- Erode: Z|Agf A4 &2 3 =&

- Open: &4 = BE(H2 ES KA AH)

- Close: & & A0S s HAN)

- Gradient: dilate — eroad

- TopHat = src —open(t2 =& 4 )

- BlackHat = close —src(H &2 2= 24 X)
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F57 input

#include <opencv\cv.h>
#include <opencv\cxcore.h>
#include <opencv\highgui.h>

int main(){
Iplimage *img = cvLoadlmage("lena.jpg”, CV_LOAD_IMAGE_COLOR);

if(img==NULL)
return 1,

Iplimage *img_blur, *img_gaussian, *img_median;

img_blur=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 3);
img_gaussian=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 3);
img_median=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 3);

cvSmooth(img, img_blur, CV_BLUR, 5, 5, 0, 0);
cvSmooth(img, img_gaussian, CV_GAUSSIAN, 5, 5, 15, 10);
cvSmooth(img, img_median, CV_MEDIAN, 5, 5, 0, 0);

cvShowlmage("input", img);
cvShowlmage("blur", img_blur);
cvShowlmage("gaussian”, img_gaussian);
cvShowlmage("median"”, img_median);

cvWaitKey(0);

cvReleaselmage(&img);
cvReleaselmage(&img_blur);
cvReleaselmage(&img_gaussian);
cvReleaselmage(&img_median);

return O;

}
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#include <opencv\cv.h>
#include <opencv\cxcore.h>
#include <opencv\highgui.h>

int main(){
Iplimage *img = cvLoadlmage("test_img.jpg", CV_LOAD_IMAGE_GRAYSCALE);

if(img==NULL)
return 1,

IpIConvKernel *element;
element = cvCreateStructuringElementEx (5, 5, 3, 3, CV_SHAPE_RECT, NULL); // 2E{2| 37| E 5x52 M%, T4

rlo
w
X

w

Iplimage *img_erode, *img_dilate, *img_open, *img_close, *img_gradient, *img_tophat, *img_blackhat;

img_erode=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);
img_dilate=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);
img_open=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);
img_close=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);
img_gradient=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1); Kernel AE-I ;gl
img_tophat=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);

img_blackhat=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);

cvErode(img, img_erode, element, 1);

cvDilate(img, img_dilate, element, 1);

cvMorphologyEx(img, img_open, NULL, element, CV_MOP_OPEN, 1);
cvMorphologyEx(img, img_close, NULL, element, CV_MOP_CLOSE, 1);
cvMorphologyEx(img, img_gradient, NULL, element, CV_MOP_GRADIENT, 1);
cvMorphologyEx(img, img_tophat, NULL, element, CV_MOP_TOPHAT, 1);
cvMorphologyEx(img, img_blackhat, NULL, element, CV_MOP_BLACKHAT, 1);
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cvShowlmage("input", img);
cvShowlmage("erode", img_erode);
cvShowlmage("dilate”, img_dilate);
cvShowlmage("open”, img_open);
cvShowlmage(“close", img_close);
cvShowlmage("gradient”, img_gradient);
cvShowlmage("tophat”, img_tophat);
cvShowlmage("blackhat”, img_blackhat);

cvWaitKey(0);

cvReleaselmage(&img);
cvReleaselmage(&img_erode);
cvReleaselmage(&img_dilate);
cvReleaselmage(&img_open);
cvReleaselmage(&img_close);
cvReleaselmage(&img_gradient);
cvReleaselmage(&img_tophat);
cvReleaselmage(&img_blackhat);

return O;

}

5 gradient

W] blackhat

) me
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#include <opencv\cv.h>
#include <opencv\cxcore.h>
#include <opencwv\highgui.h>
int main()

Iplimage *img = cvLoadlmage("lena_gray.jpg", CV_LOAD_IMAGE_GRAYSCALE);

if(img==NULL)
return 1;

Iplimage *img_dst;

img_dst=cvCreatelmage(cvGetSize(img), IPL_DEPTH_8U, 1);

cvCanny(img, img_dst, 50, 100);
cvShowlmage("blur", img_dst);
cvWaitKey(0);

cvReleaselmage(&img);
cvReleaselmage(&img_dst);

return O;
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- ROI(Region of Interest)
- Hole S8 d9tt MY E TSI S BT

#include <opencv\cv.h>
#include <opencv\cxcore.h>
#include <opencv\highgui.h>

int main()

{
Iplimage *img = cvLoadlmage("lena_gray.jpg", CV_LOAD_IMAGE_GRAYSCALE);

if(img==NULL)
return 1;

int x, y, width, height;
x=100;

y=100;

width=100;
height=100;

cvSetlimageROI(img, cvRect(x, y, width, height));
cvAddS(img, cvScalar(100), img);
cvResetimageROI(img);
cvShowlmage("window", img);

cvWaitKey(0);

cvReleaselmage(&img);

return O;






Exercise - 1

- Width = 640
- Height = 480




Exercise - 2

=2
[

7|7} C}=E. cvResize & Al



Exercise - 3

R, G, B =2
e HA2 370e| gray Ao 2 22
e Fate|l Red g2 2 O|F0{ &l gray P4t Green g2 2 O|F0{ &
gray &4t Blue gt 2 2 O|F0{ Xl gray G 4t0| &2
cvSplit &5 AlSoll £ =12, 2 & Mo tist M H2Z2 S
sto{ E2fall & &

color red green blue






Mat class

- OpenCV C++ matrix class
- “cv.h”2| cv namespaceE ALS
- using namespace cv; & 2| = function AFE
- or 0§ function@}tCt cv::function AS
- MM AHO| XS2 2 0| F 0] s §3
- 7| &2| Createl-} Release §10| A5 22 O[0|X| & M A




Mat class

- Mat &4 A
- Mat A(cv::Size(x,y), CV_8UCS3, cv::Scalar(0, 0, 255));
- =2 Mat A(y, x, CV_8UCS3, cv::Scalar(0, 0, 255));
- xxy Mat 24 ' 8 bit 3 channel 0|11, (0,0,255)Z =7|5}
- O|O|X| 47|
- Mat A=cv:.imread(image_path, CV_LOAD IMAGE_ COLOR);
- color O|O|X| image _pathE 21012t Mat Ad| CH &!
- O|O|X| Ho{=x7|
- cv:iimshow(“window name”, Mat A);
- “window name” &0l MatAE £=



Mat class

. O|O|X| 2 A}5H7|
- Mat B(A); or B=A;
- B A2t dataE S ®st7| M Zoll A7t B H BX HHE
- B=A.clone()
- Ch datagtPt SASHE A2 =2 ATHHER Ol & BIF HERX| &5
L TMHE
- gray-scale(8UC1 type) (x,y)
- cv:.:Scalar intensity = img.at<uchar>(y,x);
- cv::Scalar intensity = img.at<uchar>(cv::Point(x, y));
- 3 channel image width BGR color ordering
- cv::Vec3b intensity = img.at<Vec3b>(y, X);
- uchar blue = intensity.val[O];
- uchar green = intensity.val[1];
- uchar red = intensity.val[2];



Mat class - 01| A|

#include <opencv\cv.h>
#include <opencv\cxcore.h>
#include <opencv\highgui.h>

int main()

{
cv::Mat img, gimg;
img = cv:imread( "lena.jpg", cv::IMREAD_COLOR );

const int width = img.size().width;
const int height = img.size().height;

const int min_width_and_height = std::min( width, height );
for(inti = 0; i < min_width_and_height; i++ ){
img.at<cv::Vec3b>(i,i)[0] = 255;// blue
img.at<cv::Vec3b>(i,i)[1] = 0;// green
img.at<cv::Vec3b>(i,i)[2] = 0;// red

}

cv::cvtColor(img, gimg, CV_RGB2GRAY );

for(inti = 0; i < min_width_and_height; i++)
gimg.at<uchar>(min_width_and_height-i-1,i) = 255;

cv::namedWindow( "img" );
cv::imshow( "img", img );

cv::namedWindow( "gimg" );
cv::imshow( "gimg", gimg );

cv::waitkey(0);

return O;

}




