OpenCV 2 Computer Vision
Application Programming Cookbook

Mastering OpenCV with Practical
Computer Vision Projects

O OPENCVEAX?
* OPENCV= Intel (c) Open source computer vision library
+ OpenCV & EHRC FR+HIMNKEE, Rintel 3 & @R ARAEFEE
FFE 6 AL .
* OpenCV¥ &4 7300 % # AR AL A it AL H & t9c/c++#2 4, F
@8 R F 09 % HON R AT F AR AR R F ¥ 4G F1H, 4 d B5) 5 A A
F¥i. AMIRF]. 3D TxA B HRHF.

O OPENCV#j4k &2
o HE&, THHMIF, Likwindows/linux
c &, ARBHLARKET
c REHESG
s TR
s BERBXWEBRAEEBIES, TUX
© XBRY FREGHBEINE, ARRBF
o RREARFETHTEE

O OPENCV# &k 52
o A TFHARMHELEH
o XA FFwindows# F 2 F X,

0O OPENCVH4RR?
OpenCV API Reference
Introduction
core. The Core Functionality
imgproc. Image Processing
highgui. High-level GUI and Media 1/0
video. Video Analysis
calib3d. Camera Calibration and 3D Reconstruction
features2d.
objdetect. Object Detection
ml. Machine Learning
flann. Clustering and Search in Multi-Dimensional Spaces
gpu. GPU-accelerated Computer Vision
stitching. Images stitching
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O 2% Visval C++ 6.0

0 2 #O0penCV

O fit EWindows R E &

0 e & Visual C++ 6.0
UeA&E
UsB&E

0 ##%0pencv

*  Mhttp://www.opencv.org.cn T #OpenCVEZE 4 Ao

o 4B & 3O0penCV4 % 2| C:\Program Files\OpenCV., (T&MKEA
OpenCV # 4% X%, OpenCVi.o0XEREm ALK, )

o frgr% Rt 3"\ OpenCV\bingn A & 43 &

O #EWindowsHFEE S

e #&#&C:\Program Files\OpenCV\bin & & & 24w A\ 2| 3R 35X PATH, 4
RAEA, HhoNo

I N E R SR Windows | P (RER) BEHEMRT L H.
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u ewnsies 80 |sasw|sees| s |
BRI, SoSETERANR.
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RERS, EAE 0, AR AT
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[ErENrer T
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O B HVisvalC++ 6.0
* ¥ #Tools->Options->Directories: % Elib#&42, #iELibraryfiles, &
THREARLR:
C:\Program Files\OpenCV\lib

K5 &k Finclude files, & TFHFHEAZ L

O i
C:\Program Files\OpenCV\cxcore\include O I bGP IS | i, T

C:\Program Files\OpenCV\cv\include
C:\Program Files\OpenCV\cvaux\include
C:\Program Files\OpenCV\ml\include

C:\Program Files\OpenCV\otherlibs\highgui

C:\Program Files\OpenCV\otherlibs\cvcam\include
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URB&E
o HAE— A2 OpenCVEIVC Project, #EBLEHXT ZHlib,
¥ 3#: Project->Settings, /)5 ¥ Setting forit 4 All Configurations, &/& i
B4 2 8link47 4, 7EObject/library modules i} fm L

cxcore.lib cv.lib ml.lib cvaux.lib highgui.lib cvcam.lib

2ixf
Bty For [t ramy 3] | esees | Dok | 004 Uik | enemrees | M

oo o 1w |

O 4% Visual C 2010

0 =% 0penCV 2.4.2

0 B & Windows3k % & &

U 2. & Visual C2010
UeAh&E
UsBa&i

1. http://www.opencv.org.cnfindex.php/Download F # OpenCV for
Windows (4Bf OpenCV-2.4.3.exe SLHF) o

2. ¥ OpenCV-2.4.3.exe B EH 33 XA B FTF, #/4=D:\OpenCV .

3.  47JFVC++ 2010 Express, 4]#—AAWin324&#| & #2 Fopencvtest;

4. #%#Property Manager 2 #§Microsoft.cpp.win32.user, k& S A4,
# #%Properties,

5. Rk#HE ‘BREENL SVGH+A R >"adaR" , 6
D:\OpenCV\build\include;
D:\OpenCV\build\include\opencv;
D:\OpenCV\build\include\opencv2

1. #Elib%12.9% & B %D:\OpenCV\build\x86\vcio\lib% N “EH" -
SEEEME SVC+H+B R SEBR .

2. KOpenCV&dll XHAT £ 6 B T APathsF X F 328 2 4% &
VC2010, dIlB % : D:\OpenCV\build\x86\vc1o\bin

3. WTFALIHFRTBB, FrAEZHtbbirEs) B REIAZFRBE
¥ Path ¥:D:\OpenCV\build\common\tbb\ia32\vcio

4. % #%Solution Explorer Z #opencvtestsi B , % & RArA4E, &8

Properties,
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EBEBM-->[%445 % LINKERI#[# AINPUTIF, 4 5 B #Debugfit
B 3 o [ M A4k #Hi R Additional Dependencies]:
* opencv_calib3d243d.lib

¢ opencv_contrib243d.lib

*  opencv_core243d.lib

¢ opencv_features2d243d.lib

* opencv_flann243d.lib

*  opencv_gpu243d.lib

¢ opencv_highgui243d.lib

¢ opencv_imgproc243d.lib

* opencv_legacy243d.lib

*  opencv_ml243d.lib

* opencv_objdetect243d.lib

*  opencv_ts243d.lib

* opencv_video243d.lib

H#97 B #Release Bt F 3§ hn[ F Ae 4% #1977 Additional Dependencies]:
* opencv_contrib243.lib

* opencv_core243.lib

* opencv_features2d243.lib
* opencv_flann243.lib

* opencv_gpu243.lib

* opencv_highgui243.lib

* opencv_imgproc243.lib

* opencv_legacy243.lib

* opencv_ml243.lib

* opencv_objdetect243.lib
* opencv_ts243.lib

* opencv_video243.lib
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(1) REg

® OpenCVE—METFC/C+HE S MITTRE G IR E B
HRmMmEti, FATERLEERE

A RIFRAIBEM

AU TSR/ AUSAEN . REFFIREHEHIRIE
RARANSHNEAEFED (AP1)

R TEBE Intel IPPEMSERRBENED, FTERIER
Intel CPUMRILIXAD, IRSIEFIERE (IFiE: OpenCV 2. OMRAYKHY
BEEMK, TFIPPKRIZAMEEE, &2 OMRFERMEIPPIED)
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(2) Thae

ERHIERE (MEIRSHEN, BEREH. REMZER)

Image data manipulation (allocation, release, copying,
setting, conversion).

ElfG/MSRE NG E GrRSCHESIRGSkamA, Bg/ MR
Ga:okotsp)

Image and video 1/0 (file and camera based input,
image/video file output).

R/ MEREREREMARBEE GEMRR. EESREKRE.
FHEE, FRESH)

Matrix and vector manipulation and linear algebra

routines (products, solvers, eigenvalues, SVD).

(2) Ihe

o LHESMESHIBEMN (HR. AT HIEE. & BD

® Various dynamic data structures (lists, queues, sets, trees,
graphs) .

o EKEMRALIE (XMR. BEEN. ASRN. RESHE. aXTR F
SFELE. BERE. BR&FESEH)

® Basic image processing (filtering, edge detection, corner
detection, sampling and interpolation, color conversion,
morphological operations, histograms, image pyramids).

o LEinth CEBE/NX. RELE. BBk, BRIE. RIRLE, &
KTk, ZMAEE, LS. HEME. KER=AK)

® Structural analysis (connected components, contour processing,
distance transform, various moments, template matching, Hough
transform, polygonal approximation, line fitting, ellipse

fitting, De launay trian&ulation).

(2) Thae

Bk ER (SHRMREERER . SBER. EARIEMEMGT.
B BRI A ITED)

Camera calibration (finding and tracking calibration
patterns, calibration, fundamental matrix estimation,
homography estimation, stereo correspondence).

o EFNM OGLR. FMESE BIRIRER

Motion analysis (optical flow, motion segmentation,
tracking).

BAriRSBI (FHEFA. HUMAREY)

Object recognition (eigen—methods, HMM).

EAMGU (BREG/MSA. BE/RAMRIE. BEF)

Basic GUI (display image/video, keyboard and mouse
handling, scroll-bars).

EgiRE (k. #igk. iAW, SRR

Image labeling (line, conic, polygon, text drawing)

(3) OpenCViEik
® OpenCVi&ER

cv - *Z'DIZI&E:F

cvaux - HHBNREEE

cxcore - HIBEHMSEHMREE
highgui - GUIZ¥E

ml - HlESF S REE
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(4) FMIRALIEBHIFE (FE <opencv-root>/samples/c/) :

EABERER: camshiftdemo
*HIRER: Ikdemo
FMESE]: motempl

&M laplace

(5) BEHAIEHIE (FE <opencv-root>/samples/c/) :

JRLGARN: edge

*E18 4 E]: pyramid_segmentation
J.ZSF: morphology

*BH75E: demhist

<FEETHR: distrans

“HEHLE: fitellipse

(1) B
cvActionTargetMod(...)

Action = #:0IhEE (core functionality) (e.g. set, create)
Target = HirFEI{EXE (target image area) (e.g. contour, polygon)
Mod = (%)) A% (optional modifiers) (e.g. argument type)

(2) FEREHUIRKA:
CV_<bit_depth>(S|U|F)C<number_of_channels>

#®
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F
E.g.: CV_8UCL j&#—A 8O 145 1 B eI 4 [,
CV_32FC2/& & — 3217 15 A B WUE T .

(3) EEHIRHKA:

IPL_DEPTH_<bit_depth>(S|U|F)
E.g.: IPL_DEPTH_8U FUG # HHii &80 LA 5 % L.
IPL_DEPTH_32F KR 18 2 54 & 3247 1% s 2.
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(4) ket
#include <cv.h>
#include <cvaux.h>
#include <highgui.h>
#include <ml.h>
#include <cxcore.h> // —fRATHE, cv.h WEEEIZKL

GUI 84

1) R —AHEn:
cvNamedWindow("win1", CV_WINDOW_AUTOSIZE);
cvMoveWindow("winl1", 100, 100); // offset from the UL corner of the

screen[Z’]

2) BAEA:
Iplimage* img=0;
img=cvLoadlmage(fileName, CV_LOAD_IMAGE_COLOR);

if("img) printf("Could not load image file: %s\n" fileName);

GUI {84

(3) BErEf:

cvShowlmage("winl",img);

LR EA U LR ED (winl) 1 ERBORKE TR
REERG, FHARGRGRETEEN0-255]); BRHEHGERMAEER
A[0-1]. BEEKKN=ETRKLBGR (K-%-4) RFHFH.

(4) RAHEA:

cvDestroyWindow("winl1");

(5) WREFAKRM
cvResizeWindow("win1",100,100); // new width/heigh in pixels

GUI {84

AER M

SEBR o TR AN A LTI S A AR
fe— e R A GEH TR
int key;

key=cvWaitKey(10); // wait 10ms for input o7 I-FE P& B A AN

key=cvWaitKey(0); // wait indefinitely for input 5245 % N\ FRIE R A0 B L e

while(1)

{
key=cvWaitKey(10);
if(key==27) break;
switch(key){

case 'h': ... break;
case i ... break; }

}
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GUI 54

PUEE: S v

SEPR bR TSR N TR A LTS A E AR
f—E R GEF TSt
int key;

key=cvWaitKey(10); // wait 10ms for input v 1E 2 25 15t S\
key=cvWaitKey(0); // wait indefinitely for input £2#%fi \ FI{E I A FEFE P

while(1)

{
key=cvWaitKey(10);
if(key==27) break;
switch(key){

case ... break;
case . ... break; }

typedef struct _Iplimage

int nSize; /* Iplimage % /> */

int ID; [ A (=o)¥]

int nChannels; I* K % OPENCV & 2 X #1,2,3 34 ME it */

int alphaChannel; [* #OpenCV /.85 *|

int depth; J* 44 #4535 F: IPL_DEPTH_8U, IPL_DEPTH_8S, IPL_DEPTH_16U,

IPL_DEPTH_165, IPL_DEPTH_32S, IPL_DEPTH_32F and IPL_DEPTH_64F *T % 3 */
char colorModel[4];  /* #OpenCV 28 */
char channelSeq[4]; 1% Bl E*|

int dataOrder; % 0- T A B EAF 18, 1- 5 I 097 .45 1. A cvCreatelmage 7T vA 6] 3 3T LA TR */
int origin; %0 - T—Z 254, 1 - Jk— £ #:#1 (Windows bitmaps JA %) */

int align; % B 134T HEF) (4 or 8). OpenCV 285 E , 4% Jf) widthStep £ 4 */

int width; 1* BARSEARF 3+

int height; 1< B FH AR

struct _IpIROI*roi; /¥ B A A K B, % 4548 3 5 R A KSR AT AL X
struct_plimage *maskROL; [+ /& OpenCV s s/ NULL ¥/

void *imageld; % kx|

struct _IplTilelnfo *tileInfo; /* 5] L.*/

int imageSize; 1% B AR K (A A KT ize=image->height*image->wi p) , AT
char *imageData; 1% 35 ey 5 B R AR )

int widthStep; I* HEFV G ERAT RN, RFF AL

int BorderMode[4];  /* #F £ A X, #OpenCV 284 */
int BorderConst[4); [* Bl L *|
char *imageDataOrigin; /* 4 4145 61 — AN 7 F 69 B R S8 254 (R AL IRHEFI0) |, A T HLEBIR A A5 BLA 469 %/

Iplimage;

]
]
e

® i A
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QFwYy: EmpRET AR TRED

#include “"cv.h™
#include "highgui.h™

void COpenCV_MMDlIg::OnReadlmageFromFile()
{

/I TODO: Add your control notification handler code here

Ipllmage* pImg;

11 B Iplimage#g4t

= e e P e W

if((pImg = cvloadImage(**fruits.jpg™)) '=0)  // BAEH1Z
¢ cvNamedWindow( ""Image”, 1); /I RED
cvShowlmage( "'Image™, pimg ); I REE
cvWaitKey(0); & Z55i5
cvDestroyWindow( ""Image™ ); VE:-E:4 g m]
cvReleaselmage( &plmg ); | TR ES

#include cv.h™
#include "highgui.h™
void COpenCV_MMDIg::OnReadandSavelmage ()
{
Iplimage* pimg;
if((pImg = cvLoadlmage(“Fruits.jpg™)) '=0)
{

/1 FEEA Iplimagetg4t
I BANER

Iplimage* pimg2 = cvCreatelmage(cvGetSize(pimg), pimg->depth, pimg->nChannels)

cvCopy(plmg, pimg2, NULL);
cvSavelmage(*“copyimage.bmp”, plmg2);

cvNamedWindow( “Image”, 1); [R5 3]
cvShowlmage( "'Image", pimg ); I ERER
cvWaitKey(0); & 555
cvDestroyWindow( ""Image™ ); V-1 5=
cvReleaselmage( &plmg ); I BB R
cvReleaselmage( &plmg 2); &:3:4:0 3

Frreeeh bregs

e Vides Flek g fram Cama ‘ = ‘
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O o — -} 242448 &2 89 % HKOnDisplaytoDlg, A F L7 B4
void COpenCV_MMDIg::OnDisplaytoDlg()
{
/I TODO: Add your control notification handler code here
Iplimage* pimg; /7= B plimagefgét
if((pImg = cvLoadImage(*'Fruits.jpg"™)) !=0) IBRNER
{
CDC *pDC = GetDIgltem(IDC_Window)->GetDC();  //ZREUH iEHEFREr

HDC hDC= pDC->GetSafeHdc();

CRect rect;
GetDIgltem(IDC_Window)->GetClientRect(&rect);
Cvvimage cimg;

cimg.CopyOf(pImg);

cimg.Draw ToHDC(hDC, &rect); 1% BR BoRtETRSE ]
ReleaseDC(pDC); |

} . |

Oeen Vides Fiss Cagun from Camea | = ‘

O f.3% A 8-bit 1— i@ # B4R | (Iplimage* img):

1(x,y) ~ ((uchar*)(img->imageData + img->widthStep*y))[x]

D48 3% A 8-bit 3-8 1 49 A 4% | (Ipllmage* img)

I(x,y)blue  ~ ((uchar*)(img->imageData + img->widthStep*y))[x*3]
I(x,y)green ~ ((uchar*)(img->imageData + img->widthStep*y))[x*3+1]

I(x,y)red  ~((uchar*)(img->imageData + img->widthStep*y))[x*3+2]

Ogk, BAF%: Bi%AN-BE, XRATHEK:
I(x,y)c ~ ((T*)(img->imageData + img->widthStep*y))[x*N + c]

O R4 47 T4 A & CV_IMAGE_ELEM( image_header, elemtype, y, x_Nc)
I(x,y)c ~CV_IMAGE_ELEM(img, T, y, x*N + c)

0 3 ho— AN#7 484048 B 69 % $cOnConvertimage, A -FEFEMK
void COpenCV_MMDIg::OnConvertimage()
{

I E B E
for(int y=0;y<pImg->height;y++)
for(int x=0;x<pImg->width;x++)
{
int r = ((uchar*)(plmg->imageData + plmg->widthStep*y))[x*3];
int g = ((uchar*)(pIlmg->imageData + pImg->widthStep*y))[x*3+1];
int b = ((uchar*)(pImg->imageData + plmg->widthStep*y))[x*3+2];
((uchar*)(plmg2->imageData + pImg2->widthStep*(pImg->height-y-1)))[x*3]=r;
((uchar*)(pImg2->imageData + plmg2->widthStep*(pImg->height-y-1)))[x*3+1]=g;
((uchar*)(plmg2->imageData + plmg2->widthStep*(pIlmg->height-y-1)))[x*3+2]=b;
}
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2z DperlV_MM TooYang, yangioonmpus 63 com

CvCapture* cvCaptureFromFile( const char* filename);
cvCaptureFromFile #7361t A 34k ¥ 35 BALIA

Filename AI{IH%L.
&% FcvCaptureFromFile 2445 & A ¥ #5ALIR AL 4~ B Ao 45 /L CvCapture 64 o

Iplimage* cvQueryFrame( CvCapture* capture);

& HcvQueryFrame AR 3k S - IIR—M, KRB HEFE=D X —Ho

O 3he —AN$f Hc4a A48 5L 69 % H OnOpenVideoFile, ¥ 2 &A%

void COpenCV_MMDIg::OnOpenVideoFile()

{
if( (pCapture = cvCaptureFromFile(“myvideo2.avi”)))
{
int nFrmNum = 0;
while(pFrame = cvQueryFrame( pCapture ))
{
nFErmNum-++;
cvShowlmage(“video”, pFrame);
if( cvWaitKey(2) >=0)
{
cvDestroyWindow("'video™);
break;
}
}
}
cvReleaseCapture(&pCapture);
}

1 T TR

1 WAL

I g
IR

<= DpentV_MM TaoYang. yanglaomwpe@163.com

W viden
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cvCaptureFromCAM 47 %5 4% AR 3 F 3 BRALHFR

CvCapture* cvCaptureFromCAM(int index);

BEAHBREIE . o RAF AR K SE ARAARG K LR, TR
B -1 E TR % HcvCaptureFromCAMA MK IEAR 3k 69 AL i 2 B Foin 2544
CvCapture#i#). B #£Windows F T4 A %3 o : Video for Windows (VFW)
#=Matrox Imaging Library (MIL) ; LinuxTFA &HFrdEo: V4LeFireWire
(IEEE1394) o

Iplimage* cvQueryFrame( CvCapture* capture );

& #cvQueryFrame ARAR sk R A FIRIR—ll, KGR L= —H.

OPENCV AJii F H&—AM PR TAS#HFamS, BHZ
KHFhAhZ 4. T HEOPENCVIEARRAE 2 S ui# TR R
ferh, BEMSMT AT C . HETEsETER MR R LB R
— e NEMAELE, DERIRROLAREEOPENCY R
A RAFIRCR, 2% 2] OpenCV H I T fE .

DirectShow
P vicrasott visuzl G+
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MEERLE, UHIREMEARY, —F R TIALRERE. M EER
REPIE &, MEAAEESE BRI, BRI A B AR R BT
HRBBHRAT LR 8. R FMEERNATR, BEfk.

DirectShow £ # Kk A &R 41— EZE WindowsF & L3 TR E AR LB HTT R
f,

DirectShowBe# ittt AMe? E%E, DirectShow yZ A iIHHHE M Bl i ft
TEEHE SIS 32 R DirectShow, FRATTAS AR 756 1 32 FEWDM(Windows
Driver Model)B¥ZI &R ISR+ LI IREER, H ERTHNEHILENER
FEBSCHEF . BRI R ARG AER, AT, Mpeg. Avi. Dv. Mp3.
WaveZ54%%, {15 L B AR K BRERFRMm 2.

application

Cnm‘manﬁ Events
1

DirectShow

File:system [ Filter Graph Manager ] | Legacy

VCM/ACH

Codecs

s
Internet Source Transform Rendering
Fifters Filters Filters File
73 T T System
Ring 3 T
DirectSound

Ring 0
Hardware
il HPEG2
Capture Decoders Sound Card Video
Devices Graphics Card

B % % fk X 45 — 3 Bp A DirectShow & 4. DirectShowk J) — v Filter Graph #9 HEA0 445 S8 4 A BB TL 69 AL L EAT; 5 BB
SRR BAh A AR ™ fiFilter; & AMFilterfEFilter Graph¥ #— Z6MA E# A —F “MAKE" WFALH. XETRAS, &
RAfeRS, Fiter KEHH =X Source Filters, Transform FiltersfoRendering Filters. Source Filters £ & f # R /A #E, ¥
BRTAXIH BHA. SAHINEZGREF. HFRRNF, REHFHIRETHHM; Transform Fitlers 2 & 5t Fradg ey
# X448, 44 Rendering Filtes 2 & f F iRy Rk k), RANTRRRBEREF. BFHTSMMHIRT, LTRRE
3| XAFRAT F o

i

Kernel
Streaming
Architecture

Yungiang Chen
Research Assistant in Image Formation Group (Thomas S. Huang)

http://www.ifp.viuc.edu/~chenyq/

$—4: %% DirectX SDK 80 , #H: DirectX SDK h3CFIlib3C a4
(e.g. C:\DXSDK\include and C:\DXSDK\lib) £l VVC options->Directories

. TFHDxVideoAppWiz.awx and DXVIDEOAPPWIZ.HLP), & #i
B ve6.0 B & ¥ H R . C:\Program  Files\Microsoft  Visual
Studio\Common\MSDev98\Template.

F=: GwiEHERSHABEEE (Debug version and Release version)
C:\DXSDK\samples\Multimedia\DirectShow\BaseClasses\BaseClasses.dsw

HH. FVCO.OREF I LA, #E#F "DirectX Video Processing
AppWizard”
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T
SR Wowertmmrivere o g OO GEE T e B AL AR

— Files  Prajects | Workspaces | Other Decuments
AT CoM AppWizan
i E et OMO Wi and

Chister Resesrce Type Wizasd

M Win32 State Library

®wie [fE

e 10
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STDMETHODIMP CDirectshow_VideoCaptureDoc:: 8(double SampleTime, *pSample)
{

iNtR*G *B;
R = new intcximage*cylmage]; IEEEE R
G = new intfcxImage*cylmage];
B = new int[cxImage*cylmage];

13 E R Wi
for(int j=0;j<cylmage;j++)
{

for(int i=0;i<cxImage;i++)

{

B[j*cxImage+i]=(int)pData[j*3*cxImage+3*i]; I/ blue
i ge+i]=(int)pD ge+34i+1]; Il green
RIj*cxImage+i]=(int)pData[j*3*cxImage+3*i+2]; Il red
}
}
11 FEI% B AR AR P 2 4 T

I BIRAAE | l

return NOERROR;
}

= FHIL ST dm B e 1

UL
VirtualDub BT LARSE P IR, K 40 BRI VLS B U8 B B
PHEZE I, RETTLAN-& UG A AT B dmiE.

Video (avi,mpg,...) -> Photos (bmp,jpg,...)
KMPlayer & &#B3h 8

#{EDEMO
Snaglt FHZBERHIR, AL
Camtasia studio 5T H] 84

22 ) JURR R 0L ) BSOS B R 2 T A, A $EMatlab.
OpenCV Al Directshow. VR4S H 25 Fh T & T HL 52 B g
%, SWiE % W (avimpg). USBHEAZ Sk AN (%
KR RIS AR G T . N — 5 AT
WA R AT A
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