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void stereoCalibrate() 
 {  
 int numBoards = 15; 
 int board_w = 8; 
 int board_h = 6; 
 Size board_sz = Size(board_w, board_h); 
 int board_n = board_w*board_h; 
 vector<vector<Point3f> > object_points; 
 vector<vector<Point2f> > imagePoints1, imagePoints2; 
 vector<Point2f> corners1, corners2; 
 vector<Point3f> obj; 
  
 double squareSize = 4.1; 
 for(int i=0; i < board_h; ++i) 
 { 
  for(int j=0; j<board_w; ++j)  
  { 
   obj.push_back(Point3f(i*squareSize,j*squareSize, 0.0f)); 
  } 
 } 
 Mat img1, img2, gray1, gray2; 
 int driver = CV_CAP_DSHOW; 
 VideoCapture cap1(0+driver); 
 VideoCapture cap2(1+driver); 
 cap1.set(CV_CAP_PROP_AUTOFOCUS, false); 
 cap2.set(CV_CAP_PROP_AUTOFOCUS, false); 
 cap1.set(CV_CAP_PROP_SETTINGS, 1); 
 cap2.set(CV_CAP_PROP_SETTINGS, 1); 
   
 int success = 0, k = 0; 
 bool found1 = false, found2 = false; 
 namedWindow("left 1"); 
 namedWindow("right 1"); 
 while (success < numBoards) 
 { 
  cap1.grab(); 
  cap2.grab(); 
  cap1.retrieve(img1); 
  cap2.retrieve(img2); 
  waitKey(500); 
  if(img1.empty() || img2.empty()) 
   continue; 
  cvtColor(img1, gray1, CV_BGR2GRAY); 
  cvtColor(img2, gray2, CV_BGR2GRAY); 
  found1 = findChessboardCorners(img1, board_sz, corners1, 
CV_CALIB_CB_ADAPTIVE_THRESH | CV_CALIB_CB_FILTER_QUADS | CV_CALIB_CB_NORMALIZE_IMAGE ); 
  found2 = findChessboardCorners(img2, board_sz, corners2, 
CV_CALIB_CB_ADAPTIVE_THRESH | CV_CALIB_CB_FILTER_QUADS | CV_CALIB_CB_NORMALIZE_IMAGE ); 
  if (found1) 
  { 
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   cornerSubPix(gray1, corners1, Size(11, 11), Size(-1, -1), 
TermCriteria(CV_TERMCRIT_EPS | CV_TERMCRIT_ITER, 30, 0.1)); 
  } 
  if (found2) 
  { 
   cornerSubPix(gray2, corners2, Size(11, 11), Size(-1, -1), 
TermCriteria(CV_TERMCRIT_EPS | CV_TERMCRIT_ITER, 30, 0.1)); 
  } 
  if(!img1.empty()) 
   imshow("left 1", img1); 
  if(!img2.empty()) 
   imshow("right 1", img2); 
 
  k = cv::waitKey(2); 
   
  if (found1  && found2) 
  { 
   cout<<"founded: "<< success <<endl; 
   imwrite("calib/left" + to_string((long long)success) + ".jpg", img1); 
   imwrite("calib/right" + to_string((long long)success) + ".jpg", img2); 
   imagePoints1.push_back(corners1); 
   imagePoints2.push_back(corners2); 
   object_points.push_back(obj);    
   success++; 
   if (success >= numBoards) 
   { 
    break; 
   } 
  } 
 } 
 cap1.release(); 
 cap2.release(); 
 destroyAllWindows(); 
 printf("Starting Calibration\n"); 
 Mat CM1 = Mat(3, 3, CV_64FC1); 
 Mat CM2 = Mat(3, 3, CV_64FC1); 
 Mat D1, D2; 
 Mat R, T, E, F; 
 
 double calibErr = stereoCalibrate(object_points, imagePoints1, imagePoints2, 
 CM1, D1, CM2, D2, img1.size(), R, T, E, F, 
     
  CALIB_FIX_ASPECT_RATIO + 
                                 CALIB_ZERO_TANGENT_DIST + 
                                 CALIB_SAME_FOCAL_LENGTH + 
                                 CALIB_RATIONAL_MODEL + 
         CALIB_FIX_K3 + CALIB_FIX_K4 + 
CALIB_FIX_K5, TermCriteria(TermCriteria::COUNT + TermCriteria::EPS, 100, 1e-5)); 
 FileStorage fs1("calibration.yml", FileStorage::WRITE); 
 fs1 << "CM1" << CM1; 
 fs1 << "CM2" << CM2; 
 fs1 << "D1" << D1; 
 fs1 << "D2" << D2; 
 fs1 << "R" << R; 
 fs1 << "T" << T; 
 fs1 << "E" << E; 
 fs1 << "F" << F; 
 fs1 << "Error" << calibErr;  
 printf("Calibration error: %f \n", calibErr); 
 printf("Done Calibration\n"); 
 printf("Starting Rectification\n"); 
 Mat R1, R2, P1, P2, Q; 
 stereoRectify(CM1, D1, CM2, D2, img1.size(), R, T, R1, R2, P1, P2, Q); 
 fs1 << "R1" << R1; 
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 fs1 << "R2" << R2; 
 fs1 << "P1" << P1; 
 fs1 << "P2" << P2; 
 fs1 << "Q" << Q; 
 printf("Done Rectification\n"); 
  
 return; 
 } 

 

pcl::PointCloud<pcl::PointXYZRGB>::Ptr getPointCloud() 
{ 
 cv::Mat img1, img2; 
 img1 = cv::imread("images/left1.png"); 
 img2 = cv::imread("images/right1.png"); 
 
 cv::Mat Q;  
 cv::Mat CM1, CM2, D1, D2, P1, P2, R1, R2; 
 
 cv::FileStorage fs("calibration.yml", cv::FileStorage::READ); 
 fs["Q"] >> Q; 
 fs["CM1"] >> CM1; 
 fs["CM2"] >> CM2; 
 fs["D1"] >> D1; 
 fs["D2"] >> D2; 
 fs["P1"] >> P1; 
 fs["P2"] >> P2; 
 fs["R1"] >> R1; 
 fs["R2"] >> R2; 
 fs.release(); 
 
 cv::Mat map1x, map1y, map2x, map2y; 
 cv::Mat img1U, img2U; 
 cv::initUndistortRectifyMap(CM1, D1, R1, P1, img1.size(), CV_32FC1, map1x, map1y); 
 cv::initUndistortRectifyMap(CM2, D2, R2, P2, img2.size(), CV_32FC1, map2x, map2y); 
 
 remap(img1, img1U, map1x, map1y, cv::INTER_LINEAR, cv::BORDER_CONSTANT, 
cv::Scalar()); 
 remap(img2, img2U, map2x, map2y, cv::INTER_LINEAR, cv::BORDER_CONSTANT, 
cv::Scalar()); 
  
 cv::Mat g1, g2, disparity; 
 cvtColor(img1U, g1, CV_BGR2GRAY); 
 cvtColor(img2U, g2, CV_BGR2GRAY); 
  
 disparity = calcStereoSGBM(g1, g2); 
  
 cv::imshow("disp", disparity); 
 cv::waitKey(0); 
 
 pcl::PointCloud<pcl::PointXYZRGB>::Ptr points = reproject3D(img1U, disparity, Q); 
 
 return points; 
}
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pcl::PointCloud<pcl::PointXYZRGB>::Ptr reproject3D(cv::Mat img, cv::Mat disp, cv::Mat Q) 
{ 
 int i,j; 
 vector<vector<cv::Point3d>> points;  
 points.resize(disp.rows); 
 double Q03, Q13, Q23, Q32, Q33; 
 Q03 = Q.at<double>(0,3); 
 Q13 = Q.at<double>(1,3); 
 Q23 = Q.at<double>(2,3); 
 Q32 = Q.at<double>(3,2); 
 Q33 = Q.at<double>(3,3); 
 double px,py,pz; 
 
 pcl::PointCloud<pcl::PointXYZRGB>::Ptr cloud (new pcl::PointCloud<pcl::PointXYZRGB>); 
 uchar pr,pb,pg; 
 for(i=0;i<disp.rows;++i) 
 { 
  uchar* disp_ptr = disp.ptr<uchar>(i); 
  uchar* img_ptr = img.ptr<uchar>(i); 
  for(j=0;j<disp.cols;++j) 
  { 
   uchar d = disp_ptr[j] ; 
   if(d==0) 
   { 
    continue; 
    pcl::PointXYZRGB point; 
    point.x = 0; 
    point.y = 0; 
    point.z = 0; 
    point.rgb = 0; 
    cloud->points.push_back(point); 
    continue; 
   } 
 
   double pw = static_cast<double>(d) * Q32 + Q33;  
   px = static_cast<double>(j) + Q03; 
   py = static_cast<double>(i) + Q13; 
   pz = Q23; 
       
   px = -px/pw; 
   py = -py/pw; 
   pz = pz/pw; 
 
   pcl::PointXYZRGB point; 
   point.x = px; 
   point.y = py; 
   point.z = pz; 
  
   pb = img_ptr[3*j]; 
   pg = img_ptr[3*j+1]; 
   pr = img_ptr[3*j+2]; 
   uint32_t rgb = (static_cast<uint32_t>(pr) << 16 | 
     static_cast<uint32_t>(pg) << 8 | 
static_cast<uint32_t>(pb)); 
   point.rgb = *reinterpret_cast<float*>(&rgb); 
 
   cloud->points.push_back (point); 
  } 
 } 
 
 cloud->width = (int) cloud->points.size(); 
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 cloud->height = 1; 
 return cloud; 
}

void registerPairICP(const PointCloud<PointT>::Ptr &src, const PointCloud<PointT>::Ptr &tgt, 
Eigen::Matrix4d &transform) 
{ 
 CorrespondencesPtr all_correspondences(new Correspondences), 
  good_correspondences(new Correspondences); 
 
 PointCloud<PointT>::Ptr output(new PointCloud<PointT>); 
 *output = *src; 
 
 Eigen::Matrix4d final_transform(Eigen::Matrix4d::Identity()); 
 
 int iterations = 0; 
 DefaultConvergenceCriteria<double> converged(iterations, transform, 
*good_correspondences); 
 
 
 // ICP loop 
 do 
 { 
  // Find correspondences 
  findCorrespondences(output, tgt, *all_correspondences); 
  PCL_DEBUG("Number of correspondences found: %d\n", all_correspondences-
>size()); 
 
  if (rejection) 
  { 
   // Reject correspondences 
   rejectBadCorrespondences(all_correspondences, output, tgt, 
*good_correspondences); 
   PCL_DEBUG("Number of correspondences remaining after rejection: %d\n", 
good_correspondences->size()); 
  } 
  else 
   *good_correspondences = *all_correspondences; 
 
  // Find transformation 
  findTransformation(output, tgt, good_correspondences, transform); 
 
  // Obtain the final transformation     
  final_transform = transform * final_transform; 
 
  // Transform the data 
  transformPointCloudWithNormals(*src, *output, final_transform.cast<float>()); 
 
  cerr.precision(15); 
  //std::cerr << transform << std::endl; 
 
  // Check if convergence has been reached 
  ++iterations; 
 
  // Visualize the results 
  view(output, tgt, good_correspondences); 
 
 } while (!converged); 
 transform = final_transform; 
 cout << "MSE: " << converged.getAbsoluteMSE() << endl; 
}
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