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Introducao

* Topologias e relevos
« GPGPU

» Calibracao de cameras e calibracao
estereo

« Geometria Epipolar
» Correlacao de pixels




Objetivos

O objetivo € criar uma biblioteca para detecgao e
reconstrugcao de relevos utilizando os conceitos de
Geometria Epipolar

* criar um padrao para ser projetado na superficie a
ser utilizada na reconstrucao;

* realizar a calibragao do ambiente estereo, |
gerando os dados necessario para a Geometria
Epipolar;

* realizar a correlagao dos pixels entre as duas
visualizagcbes do ambiente;

* gerar um mapa de disparidade para validar a
correlacao dos pixels.
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Fundamentacao Teorica

« Cartas topograficas
— Carta Hipsomeétrica
— Curvas de Nivel

. GPGPU (CUDA)

* Reconstrucao 3D

— Calibracao de Cameras
 WebCam

* Projetor

« Estéreo




Fundamentacao Teorica

— Geometria Epipolar
* Matriz Fundamental
 Epipolos
 Linha Base
 Linha EproIar
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Fundamentacao Teorica

— Triangulacao
* |dentificar as interseccoes da linha epipolar com
as bordas da imagem

)
— Sequencia de produto vetorial o
: : - Sl
 Correlacionar os pixels € qaupr2
— Teoria das cores de Munsell >
-

— SSD

— Mapa de disparidade %
— Corrigir o erro da geometria \\\




Trabalhos Correlatos

* Reconstrucao 3D

» Calibracao de camera
 Ambiente estereo

» Correlacao de pixels
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Li, Straub e Prautzsch, 2004




Trabalhos Correlatos

* Reconstrucao 3D
« GPGPU
» Geracao de malha do terreno

Zaaljer, 2013



Trabalhos Correlatos

 Reconstrucao 3D — VANTs
 DSM Multiplas imaﬂgens
 Photoscan :

Mancini et al,



Requisitos

RFO1 - realizar a calibracao da camera e do projetor para a
remocao da distorcao

RFO04 - realizar a interseccao das linhas epipolares com as
bordas da segunda imagem

RFO5 - realizar a correlagao do pixel da camera com o
correlato na imagem do projetor

RFO6 - gerar o mapa de disparidade para validar a correlacao
dos pixels

RNFO1 - ser desenvolvido em C++

RNFO04 - ser desenvolvida com suporte a multiplataforma de
arquitetura e sistema operacional

RNFO5 - utilizar o ambiente de desenvolvimento Visual Studio
2015

RNFO7 - ser desenvolvida utilizando a biblioteca OpenCV
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[:Scenel‘ﬂanager} [ :CPURemnstruct}

correlatel)

Sequencias:
Correlacao
de pixels

[for e3

Define as
interseccies da
linha epipolar com
as bordas.

Realizar o
algoritmo de
correlagdo 55D,
utilizando a
distancia
eucldiana.

Retornar o pixel
que apresentou a
menor diferenca.

<zrefurns=

convertimagesRGB2Lab()

_

ch pizel in image buffer] correlatel)

findBoardPixels()

U

correlatePixels()

[for each pixel in epipolar line]

=
euclidianssD()
saveMinValueFromSsD()
=

A 4 A [ \

Retornar um
mapa com 35
correlacgies.




Diagrama de classes
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Implementacao

» Calibracao de camera

» Calibracao do projetor e estéreo

* InterseccOes com a linha epipolar
» Correlacao dos pixels

 Mapa de disparidade




Calibragéo da camera

ctd: vector<cv: :Point2f> & camlorners = this-» cornersCamera-»at(i);
std: :vector<cv: :Point3f> & worldCorners = this-> cornershorld-»at(i);

if (cv:ifindChessboardCorners(small img, cornerCount, camCorners,
cv::CALIB (B ADAPTIVE THRESH + cv::CALTB (B NORMALIZE IMAGE)) {

std:icout <& " - corners: " <{ cam(orners.size() <¢{ std::endl;

{1nt h = @; h<cornerCount.height; h++) {

= B; wicorner(ount.width; w~+|
HﬂFlﬂ[ﬂFﬂEF;.ﬂUEﬁ_hdehCU Point3f(cornerSize.width * w, cornerSize.height * h,
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Calibracao Projetor

std: :1ist<unzigned? directComponentImapges:

of (unszigned i = 8; i<directlightCounmt; i++) {

int index = totalImapges - totalPatterns - directliphtCount - directlightOffset + 1 + 1;
directComponentImages . push_back({index);

directComponentImages.push_back({index + totalPatterns);

(unsigned 1 in directComponentImages )} {
images.push back({getImage(lisvel, 1));

::Mat directLipht = sl::estimate direct light(imapes, b):

sistringy imageNames ;
i levelCount = static cast<unsipned:{this-» calibrationFilesManager.petImageCount(lcsvel));
 (unsigned i = 1; i<=levelCount; i++) {
std: :string filename = this-»_calibrationFilesManager.pgetImagePath{l=vel, 1i);
std: scout <4 "[decode set " ££ =1 << "] Filename: " << filename << std::endl;

imageNames . push_back{filename) ;
rv = sl::decode pattern{imageNames, patte e,

s1: :RobustDecode | =1::GrayPatternDecode, directlight, m);
NV
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ened WINDOW SIZE = 68 /f 2;
5td‘:xhc_a'1cv"ﬁﬂ'n;24\ imgPoints, projPoints;
f (p.x>WINDOW STZE &R p.y>WINDOW SIZE 88 p.x + WINDOW SIZE<patternImage.cols E& p.y + WINDDW SIZE<patternImage.rows) {
Ei for (unsigned h = p.y - WINDOW SIZE; h<p.y + WINDOMW SIZE; h++) {
epister const ovi:Vec?f ¥ row = patternImage.ptricv::Vec2f>(h);
ct ov::VecZh * minMaxRow = mlnHaxImagE ptrxcv :Vec2b>(h);

ed W= p.X - WINDOW SIEE w{p x + WINDOW SIZE; w++) {
::Vec2f & pin = row[w];
::Vec2b & minMax = minMaxRow[w];

.

1 {51::]HVhLID{ptnj} {

{[mlnHax[IJ - minMax[@] )<=t -»(threshold}) {

' J‘

impPoints.push_back(cv: :PointZf(w, h));

gL S0 |

projPoints. push_| hacklcv :Point2f(ptn));

cu::FindHumugraphy{imanints, projPoints, RANSAC) ;

o 5

: : Point3d(cv: "r{H*cv Mat(cv::Point3d(p.x, p.y, 1.8})));
27(Q.x / Q.z, Q.y / Q.z);
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Calibracao Estéreo

* Normalizacao das posi¢oes do objetos
locais e referentes ao mundo

cv::Size camSize = cv::Size(p4d, 489);
std: ivector{cv: :Maty camRvecs, camlvecs,
double camError = cv::calibrateCamera(worldCornersActive, cameraCornersActive, camSize, camIntrinsics,
camDistCoeffs, camRvecs, camTvecs, calFlags, cv::TernCriteria(cv::TernCriteria:jCOUNT + cv::TermCriteria::EPS, 58, DBL EPSILON));
std::cout << "Camera error: " < camError {¢ std::endl;

std: :vector{cv: :Maty projRvecs, projTvecs;
double projError = cv: :calibrateCamera(worldCornersictive, projectorCornersictive, ‘torSize, projIntrinsics,

projDistCoeffs, projRvecs, projTvecs, calflaps, cv::TemCriterda(cv::TernCriteria::COUNT + cv::TernCriteria::EPS, 58, DBL EPSILON));
std: :cout <¢ "Projector error: * ¢ projError <¢ std::endl;

cviMat R, T, E F;

double stereoError = cv::stereolalibrate(worldCornersictive, cameraCornersictive, projector(ornersActive, camIntrinsics, camDistCoeffs, projIntrinsics, projDistCoeffs,
camsize, R, T, E, F, cv::CALTB FIX INTRINSIC + calFlags, cv::Tern(riteria(cv::TernCriteria::COUNT + cv::TermCriteria::EPS, 150, DBL EPSILON));

std: :cout <{ "Stereo error: " << stereoError << std::endl;

this-ysave(ameraParaneters(caneral, camIntrinsics, camDistCoeffs) &% this->save(ameraParameters(caneral, projIntrinsics, projDistCoeffs) &
this->persistCalibrationParameters(camIntrinsics, canistCoeffs, projIntrinsics, projDist(oeffs, R, T, camError, projError, stereoError, F);




Interseccao da linha epipolar

line void defineProjectorBounds{const
mathfu: :Vector<double, 3> topleft(®, @, 1};
mathfu: :Vector<double, 3> topRight{projectori .cols -1, 9, 1);
mathfu: :Vector<double, 3> bottomleft(®, proie Jows -1, 1);
mathfu: :Vector<double, 3> bottomRight( 2 ttern.ools - 1,

this-» top = mathfu: :Vector¢double, 33::CrossProduct(topleft, topRight);
15-3 right = mathfu: :Vector<double, 3>::CrossProduct{topRight, bottomRight);

this-» bottom = mathfu: :Vector<double, 33::CrossProduct(bottomRight, bottomleft);
this-» left = mathfu::Vector<double, 3»::CrossProduct(bottomleft, topleft);
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ruct: : findBorderPixels{const mathFu :Vector<double

AT

mathfu: :Vector<double, 3* intersectTop = mathfu Yector<d
hi -}nurmalizeUectnr{intersectTup};

mathfu: :Vector<double, 3» intersectRight = mathfu::Vector<double

thi —}nﬂrmallzevectnr{intersectﬂightj;

£

33& epipc ine) {

3z

L3

mathfu: :Vector<doubls, 3> intersectBottom = mathfu: :Vector<{doub

i=-»normalizeVector(intersectBottom);
mathfu: :\Vector<double, 3 intersectleft = mathfu: :Vector<
hiz-*normalizeVector(intersectlieft);

le, 3»::CrossProduct(er

"\..._'_
ALy

» :CrossProduct(e;

3> :CrossProduct(

3> : :CrossProduct (&

flntersectﬁnttﬂm X > 1nter5ectLEFt X Bl 1nter5ectButtnm X 4 1nter5&ttﬂ1ght ®) {
.f-}dEFlnEIntersectlﬂn{1nter5ectButtnm, this-» firstPixelIntersect);

(intersectBottom.x < intersectleft.x) {

hiz-*defineIntersection{intersectleft, this-> firstPixelIntersect);

F (intersectBottom.x < intersectRight.x) {
vis-rdefineIntersection(intersectRight,

-» firstPixelIntersect);

- (intersectTop.x > intersectleft.x 2& intersectTop.x < intersectRight.x) {
thiz-rdefineIntersection(intersectTop, thi=-» secondPixelIntersect);

F (intersectTop.x € intersectleft.x) {

his-rdefineIntersection(intersectleft, this-» secondPixelIntersect);

(imtersectTop.x < intersectRight.x) {

i s->defineIntersection(intersectfight, this-»> secondPixelIntersect);
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Correlaao de pixels

int middleHeight HELGHT _ . 2
int middleWidth = WIDTH MASKE f 2:

{_. 4 i = 3; i ¢ HEIGHT 18 :_; "—l'l_] [
footsHeigth i - maddleHe1ght
newXF = ntralPixelF.x + footsHeipgth;
newxa = 31PixelG.x + footsHeipgth;

(newxF >= 8 && newXF < | =P .rows &
newsh >= 8 E& newsi < sbIimageG.romws ) 4
for (int j = @; j < WIDTH_MASK; ++j) {
' footsWidth = j - mlddlEHldth
newyF w .y + FfootsWidth;
newyG ’ r =1G.y + footsWidth;

B &8 newYT g ] celF cols &

B && newYs ibImageG.ocols)
labPixelF ImageF .at<ovw: :Vec3b>{ » newYF);
labPixelG ImageG.at<ow: :Vec3b>( » newYa);

{newYTt >
newyh >
cw: 2Vec

1
ok i

&

a labPixelF.val[1l] - labPixelG.val[l];
b = labPixelF.val[2] - labPixelG.val[2];
euclidianDist = a * a + b * b;

= guclidianDist *euclidianDdist;




Geracao do mapa de
disparidade

::Mat img(imageSize, OV _BI1, cv::Scalar(255)):
{(int 1 = 8, size = distances.size(); 1 ¢ size; ++1) {
std: :tuple<cv: :Point, int> distancy = distances[i];
cv::Point pixel = std::get<@>(distancy):
i+ (piwel.x < =5ize. heipght &% pixel.y < e =.width) {
e normalized = (std::gpet<l:(distancy) - min)} /7 (max - min);
uchar pixelValue = normalized * 255;
img.at<uchar>(pixel.x, pixel.y) = pixelValue;

s rimwrite("disparityImage.jpg", img):
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Operacionalidade da
Implementacao

| #include "ReliefMap.h"

lude *S5ampleGPU.h"

Fint main{int &

e, che gu)
furb: :reliefmap: :ReliefMap library;
library.calibrate(1):
library.init{1);

library.stop{);

na;




Resultados e Discussoes

Taxa de erro Moreno e Taubin (2012) Algoritmo adaptado pelo
autor

Calibracao camera 0.403407 0.402455

Calibracao projetor 0.76633 0.704214

Calibracao estéreo 0.677827 0. 633276

Li, Straub e Trabalho proposto
Caracteristicas Prautzsch | Zaaijer (2013) | Mancini et al (2013)
(2004)

calibragdo da cdmera e calibracio estéreo Sim Nio Nao Sim
reconhecimento de relevos Sim Sim Sim Smm
reconhecimento de relevos por imagens Sim Nio Sim Sim
otimizagio na GPU Nio Sim Nio Nio
construgio de modelo 3D Sim Sim Nio Nio
geracdo de nuvem de pontos Sim Nio Sim Nao
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Resultados e Discussoes




Conclusoes

» Calibracao do ambiente estereo

* Interseccao das linhas epipolares
» Correlacao dos pixels

» Geracao do mapa de disparidade




Sugestoes

Desenvolver processo de captura das
Imagens

Realizar novos testes na geragao do mapa
de disparidade para comprovar a correlagao
dos pixels

Correcao da geometria

Testes com configuracao distinta do
ambiente estereo

Utilizacao de GPGPU para otimizacao

Geracao da nuvem de pontos e novos
formatos de objetos 3D




