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Hwxe npegcTtasneH TekcT nporpammbl npumepa n3 OpenCV ¢ kommeHTapusamu (Jinctuur 1).

#include <cv.h>
#include <highgui.h>
#include <ctype.h>
#include <stdio.h>

#include <stdlib.h>

#include <iostream>

#include <vector>

using namespace std;

IplImage *image = 0;

// CpaBHeHMe IOBYyX OCOBEeHHOCTel
double

compareSURFDescriptors ( const float* dl, const float* d2, double best, int
length )

{
double total cost = 0;
assert( length $ 4 == ) 8
for( int 1 = 0; i < length; 1 += 4 )

{

double t0 = d1[i] - d2[i];

double tl1 = dl[i+1] - d2[i+1];
double t2 = dl[i+2] - d2[i+2];
double t3 = d1[i+3] - d2[i+3];

total cost += t0*t0 + tl*tl + t2*t2 + t3*t3;
if( total cost > best )
break;

}

return total cost;

// CpaBHMBaeT OIHY OCOOEHHOCTbL OOBEeKTa CO BCEeMU OCOOEHHOCTAMM CLIEeHEB
int

naiveNearestNeighbor ( const float* vec, int laplacian,
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const CvSeg* model keypoints,

const CvSeg* model descriptors )

int length = (int) (model descriptors->elem size/sizeof (float));

int i, neighbor = -1;

double d, distl leo, dist2 = leb6;
CvSegReader reader, kreader;
// HauajibHas OCOBEHHOCTBL CLEHE

cvStartReadSeq( model keypoints, &kreader, 0 );

cvStartReadSeq( model descriptors, &reader, 0 );

// TlepeBop BCEX OCOBEHHOCTEN CLIeHE
for( 1 = 0; i < model descriptors->total; i++ )
{
const CvSURFPoint* kp = (const CvSURFPoint*)kreader.ptr;
const float* mvec = (const float*)reader.ptr;
CV_NEXT SEQ ELEM( kreader.seg->elem size, kreader );
CV_NEXT SEQ ELEM( reader.seg->elem size, reader );
// IJ19 yCKOpEeHMs CcHadajla CPaBHUMBAETCS JaljlacMaH OCOOeHHOCTeM
if( laplacian != kp->laplacian )
continue;
// CpaBHeHMEe ocCoBeHHOCTel
d = compareSURFDescriptors( vec, mvec, dist2, length );
if( d < distl )
{
// HanmeHa Jiyudllee CcOBIameHre OCOBeHHOCTel
dist2 = distl;
distl = d;
neighbor = 1i;
}
else 1f ( d < dist2 )
dist2 = d;
}
if ( distl < 0.6*dist2 )
return neighbor;

return -1;
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// OyHKLUMS MmeT COBNANalMe IapH

void

findPairs( const CvSeg* objectKeypoints, const CvSeg* objectDescriptors,

const CvSeg* imageKeypoints, const CvSeg* imageDescriptors, vector<int>&

ptpairs )

{

int i;

CvSegReader reader, kreader;

// YCcTaHOBKa HaudaJIbHOM OCOOEHHOCTM OOBEeKTa pPacClO3HABAHUSA
cvStartReadSeq( objectKeypoints, &kreader );
cvStartReadSeq( objectDescriptors, &reader );

ptpairs.clear();

// Tlepebop BCex OCOBEHHOCTETEN OOBeKTa

for( i = 0; 1 < objectDescriptors->total; i++ )

{
const CvSURFPoint* kp = (const CvSURFPoint*)kreader.ptr;
const float* descriptor = (const float*)reader.ptr;
CV_NEXT SEQ ELEM( kreader.seg->elem size, kreader );
CV_NEXT SEQ ELEM( reader.seg->elem size, reader );
// CpaBHeHMEe Tekylleld OCOOEHHOCTM CO BCEeMM OCOOEHHOCTAMM M3 CLEHEH

int nearest neighbor = naiveNearestNeighbor( descriptor, kp->laplacian,

imageKeypoints, imageDescriptors );

if ( nearest neighbor >= 0 )

{
// Hamsochk coBmameHme OCOOEHHOCTEN
ptpairs.push back(i);

ptpairs.push back(nearest neighbor) ;

/* Tpy©oe HaxOXIeHMe MEeCTOIMOJIOXeHUd obbekTa */

int

locatePlanarObject ( const CvSeg* objectKeypoints, const CvSeg*
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objectDescriptors,
const CvSeqg* imageKeypoints, const CvSeg* imageDescriptors,

const CvPoint src corners[4], CvPoint dst corners[4] )

double h[9];

CvMat h = cvMat (3, 3, CV_64F, h);

vector<int> ptpairs;

vector<CvPoint2D32f> ptl, pt2;

CvMat ptl, pt2;

int 1, n;

// VimeMm mnapel ocoBbeHHOCTEM Ha o0erxX KAPTUMHKAX, KOTOPHEE COOTBETCTBYIT
// mpyT Opyry

findPairs( objectKeypoints, objectDescriptors, imageKeypoints,
imageDescriptors, ptpairs );

n = ptpairs.size()/2;
// Ecau map MaJjio, 3HAuUMT HAIO BHXOIWUTbL — OOBEKT He HaMIeH
if(n< 4)
return O;
// BuOejsgeMm namMaThb
ptl.resize(n);
pt2.resize(n);
// CuMTEHBaeM KOOPIAMHATE «OCOOHX»TOUEK
for( i = 0; 1 < n; i++ )
{
ptl[i] = ((CvSURFPoint*)cvGetSegElem (objectKeypoints,ptpairs[i*2]))->pt;

pt2[i] ( (CvSURFPoint*)cvGetSegElem (imageKeypoints, ptpairs[i*2+1]))->pt;

// Tlo HOJydyeHHHM BEKTOPAaM CO3IaéM MaTpPMIL
_ptl = cvMat(1l, n, CV_32FC2, &ptl[O0] );
_pt2 = cvMat(1l, n, CV_32FC2, &pt2[0] );
// HaxomyM TpaHCchOpMALMIO MEXIy MCXOIHEM M300paxeHMEeM M C TeM, KOTOpoe
// vmeM
if ( !cvFindHomography( & ptl, & pt2, & h, CV _RANSAC, 5 ))
return 0;

// Tlo moJIydeHHOMy 3HaudeHMI TpaHcbopmaumm (B MaTpuuy _h) Haxommm
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// KOOPIMHATE UETHPEXYTOJIbHUKA, XapaKTepus3yolero OOBLeKT
for( i = 0; 1 < 4; i++ )

{

double x = src corners[i].x, y = src corners[i].y;
double Z = 1./(h[6]*x + h[7]*y + h[8]);

double X = (h[0]*x + h[1l]*y + h[2])*Z;

doubleY = (h[3]1*x + h[4]*y + h[5])*Z;

dst corners[i] = cvPoint (cvRound(X), cvRound(Y));

return 1;

int main (int argc, char** argv)
{

// VHUUMaInM3aumsa [1apaMeTpoB

const char* object filename = argc == 3 ? argv[l] : "box.png";
const char* scene filename = argc == 3 ? argv[2] : "box in scene.
CvMemStorage* storage = cvCreateMemStorage (0) ;

cvNamedWindow ("Object", 1);

cvNamedWindow ("Object Correspond", 1);

static CvScalar colors[] =

{
{{0,0,255}1},
{{0,128,255}},
{{0,255,255}},
{{0,255,0}1},
{{255,128,0}},
{{255,255,0}},
{{255,0,0}1},
{{255,0,255}},
{{255,255,255}}

png";
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// 3Barpyska mn306paxeHum
IplImage* object = cvLoadImage( object filename, CV_LOAD IMAGE GRAYSCALE ) ;
IplImage* image = cvLoadImage ( scene filename, CV_LOAD IMAGE GRAYSCALE ) ;
if( 'object || !image )
{
fprintf ( stderr, "Can not load %s and/or %s\n"
"Usage: find obj [<object filename> <scene filename>]\n",
object filename, scene filename );
exit (-1);
}
// TlepeBonm B rpamauuy CepoTro
IplImage* object color = cvCreatelmage (cvGetSize (object), 8, 3);

cvCvtColor ( object, object color, CV_GRAY2BGR );

CvSeq *objectKeypoints = 0, *objectDescriptors = 0;

CvSeq *imageKeypoints = 0, *imageDescriptors = 0;

int i;

// VHuumanmzaumsa cTpykTypsl CvSURFParams C pasMepoM OeCKPUITOPOB B 128
// BJEeMeHTOB

CvSURFParams params = cvSURFParams (500, 1);

// 3Bacekaem BpeMs
double tt = (double)cvGetTickCount () ;
// Vimem ocobeHHOCTUM OOBEKTA pPaClo3HAaBAHUL

cvExtractSURF ( object, 0, &objectKeypoints, &objectDescriptors, storage,
params ) ;

printf ("Object Descriptors: %d\n", objectDescriptors->total);
// VimeM ocoBeHHOCTU CLEeHH

cvExtractSURF ( image, 0, &imageKeypoints, &imageDescriptors, storage,
params ) ;

printf ("Image Descriptors: %d\n", imageDescriptors->total);

// CkojbkO mnoTpeboBajioCk BpeMeHM (Y MeHda 167 MUIIIM CEeKyHI)

tt = (double)cvGetTickCount () - tt;

printf ( "Extraction time = %$gms\n", tt/ (cvGetTickFrequency()*1000.));

// YcTaHaBIMBaeM TI'PAHUIE M300pPaXeHUlr, BHYTPM KOTOPHEIX OyIOyT CPaBHMBATLCH
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//ocoBeHHOCTM

CvPoint src corners[4] = {{0,0}, {object->width,0}, {object->width, object-
>height}, {0, object->height}};

CvPoint dst corners[4];
// CoszmaHme MOMOJIHUTEJIBHOTO M300paxeHre (B HEM OyImeT ClieHa ¥ OOBeKT)
// 3BamnycTure Np¥MEp M MIOMMETEe O uéM peub

IplImage* correspond = cvCreateImage ( cvSize (image->width, object-
>height+image->height), 8, 1 );

cvSetImageROI ( correspond, cvRect( 0, 0, object->width, object->height ) );
cvCopy ( object, correspond );

cvSetImageROI ( correspond, cvRect( 0, object->height, correspond->width,
correspond->height ) );

cvCopy ( image, correspond );

cvResetImageROI ( correspond );

// BuIBBIBAEeM OYHKIMO, HAXOIAlyil OOBEKT Ha BKpaHe

if( locatePlanarObject ( objectKeypoints, objectDescriptors, imageKeypoints,

imageDescriptors, src_corners, dst corners ))

// OBBOOMUM HYXHEIM UeTHPEXYTOJIbHUK

for( i = 0; i < 4; i++ )

{

CvPoint rl = dst corners[i%4];
CvPoint r2 = dst corners[ (i+l) %4];

cvline ( correspond, cvPoint(rl.x, rl.ytobject->height ),

cvPoint (r2.x, r2.ytobject->height ), colors[8] );

// Ecim B 2TOM MeCcTe BEBECTU pe3syJjibTaT Ha 3SKpPpaH, TO IIO0JIydMTbBCHA TO, YTO

// TmokasaHO Ha puUCyHKe 23.3.

vector<int> ptpairs;
// CHOBa MIyTCH BCE COBMNaJaKnIMe [Iapel OCOODEHHOCTEM B OOeux KapTUHKAaX

findPairs( objectKeypoints, objectDescriptors, imageKeypoints,
imageDescriptors, ptpairs );

// Mexny mnapammM OCOBEHHOCTEN Ha PUCYHKE MNPOBONATCS MIPSMBE
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for( i = 0; 1 < (int)ptpairs.size(); 1 += 2 )

CvSURFPoint* rl
ptpairs[i] );

(CvSURFPoint*)cvGetSegElem( objectKeypoints,

CvSURFPoint* r2
ptpairs[i+l] );

(CvSURFPoint*)cvGetSegElem( imageKeypoints,

cvline ( correspond, cvPointFrom32f (rl->pt),

cvPoint (cvRound (r2->pt.x), cvRound(r2->pt.y+object->height)),
colors([8] )

}

// Pes3yJibTaT MOXHO MNOCMOTPETH Ha pPUCHyke 23.4.

cvShowImage ( "Object Correspond", correspond );

// BumejsseM OCOBEHHOCTMO OKpyXHocTaMmMM (Puc. 23.5)
for( i = 0; 1 < objectKeypoints->total; i++ )
{
CvSURFPoint* r = (CvSURFPoint*)cvGetSegElem( objectKeypoints, i );
CvPoint center;
int radius;
center.x = cvRound(r->pt.x);
center.y = cvRound(r->pt.y);
radius = cvRound(r->size*1.2/9.*2);
cvCircle( object color, center, radius, colors[0], 1, 8, 0 );
}

cvShowImage ( "Object", object color );
cvWaitKey (0) ;

cvDestroyWindow ("Object") ;
cvDestroyWindow ("Object SURE") ;

cvDestroyWindow ("Object Correspond") ;

return 0;

JlucmuHe 1. NMouck 06bLekmoes Ha cyeHe
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Puc. 3. BbiGenieH uckomMsbili 06eKkm
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Puc. 4. BbiGeneH uckomMmsbili 06ekm
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Puc. 5. Bce oco6eHHocmu obbexkma
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