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import cv2
import numpy as np
import matplotlib.pylab  as plt
img = cv2.imread('e://aaa.png’)
rows,cols,ch = img.shape
plt.imshow(img)
pos = plt.ginput(4)
ptsl =
np.float32([[pos[0][0],pos[0][1]],[pos[1][0],pos[1][1]],[pos[2][0],pos[2][1]],[pos[3][0],pos[3][1]]]
)
pts2 = np.float32([[0,0],[1200,0],[0,900],[1200,900]])
M = cv2.getPerspectiveTransform(pts1,pts2)
dst = cv2.warpPerspective(img,M,(1200,900))
print(1111)
plt.subplot(121),plt.imshow(img),plt.title('Input')
plt.subplot(122),plt.imshow(dst),plt.title("Output')
#plt.show()

cv2.imwrite("e://test.jpg", dst)
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#include
"System.h"

#include "Converter.h"
#include <thread>

#include <pangolin/pangolin.h>
#include <iomanip>

namespace ORB_SLAM?2
{

System::System(const string &str\VocFile, const string &strSettingsFile, const
eSensor sensor,
const bool bUseViewer):mSensor(sensor),
mpViewer(static_cast<Viewer*>(NULL)),
mbReset(false),mbActivateLocalizationMode(false),
mbDeactivateLocalizationMode(false)

// Output welcome message

cout << endl <<

"ORB-SLAM2 Copyright (C) 2014-2016 Raul Mur-Artal, University of
Zaragoza." << endl <<

"This program comes with ABSOLUTELY NO WARRANTY " << endl|
<<

"This is free software, and you are welcome to redistribute it" << endl <<

"under certain conditions. See LICENSE.txt." << endl << endl;

cout << "Input sensor was set to: "';

if(mSensor==MONOCULAR)
cout << "Monocular" << endl;
else if(mSensor==STEREOQ)
cout << "Stereo" << endl;
else if(mSensor==RGBD)
cout << "RGB-D" << endl;

/ICheck settings file
cv::FileStorage fsSettings(strSettingsFile.c_str(), cv::FileStorage::READ);
if(!fsSettings.isOpened())
{
cerr << "Failed to open settings file at: " << strSettingsFile << endl;
exit(-1);
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/[Load ORB Vocabulary

cout << endl << "Loading ORB Vocabulary. This could take a while...

endl;

mpVocabulary = new ORBVocabulary();
bool bVocLoad = mpVocabulary->loadFromTextFile(strVVocFile);
if("bVocLoad)

{
cerr << "Wrong path to vocabulary. " << endl;
cerr << "Falied to open at: " << strVocFile << endl;
exit(-1);

}

cout << "Vocabulary loaded!" << endl << endl;

/[Create KeyFrame Database
mpKeyFrameDatabase = new KeyFrameDatabase(*mpVocabulary);

/[Create the Map
mpMap = new Map();

/[Create Drawers. These are used by the Viewer
mpFrameDrawer = new FrameDrawer(mpMap);
mpMapDrawer = new MapDrawer(mpMap, strSettingsFile);

/Nnitialize the Tracking thread
/(it will live in the main thread of execution, the one that called this
constructor)
mpTracker = new Tracking(this, mpVocabulary, mpFrameDrawer,
mpMapDrawer,
mpMap, mpKeyFrameDatabase,
strSettingsFile, mSensor);

/Nnitialize the Local Mapping thread and launch

mpLocalMapper = new LocalMapping(mpMap,
mSensor==MONOCULAR);

mptLocalMapping = new
thread(&ORB_SLAM2::LocalMapping::Run,mpLocalMapper);

/Nnitialize the Loop Closing thread and launch

mpLoopCloser = new LoopClosing(mpMap, mpKeyFrameDatabase,
mpVocabulary, mSensor'=MONOCULAR);

mptLoopClosing = new thread(&ORB_SLAMZ2::LoopClosing::Run,
mpLoopCloser);
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/Nnitialize the Viewer thread and launch
if(bUseViewer)
{
mpViewer = new Viewer(this,
mpFrameDrawer,mpMapDrawer,mpTracker,strSettingsFile);
mptViewer = new thread(&Viewer::Run, mpViewer);
mpTracker->SetViewer(mpViewer);

//Set pointers between threads
mpTracker->SetLocalMapper(mpLocalMapper);
mpTracker->SetLoopClosing(mpLoopCloser);

mpLocalMapper->SetTracker(mpTracker);
mpLocalMapper->SetLoopCloser(mpLoopCloser);

mpLoopCloser->SetTracker(mpTracker);
mpLoopCloser->SetLocalMapper(mpLocalMapper);

cv::Mat System::TrackStereo(const cv::Mat &imLeft, const cv::Mat &imRight,
const double &timestamp)

{
if(mSensor!l=STEREOQ)

{
cerr << "ERROR: you called TrackStereo but input sensor was not set
to STEREO." << endl,
exit(-1);

/I Check mode change
{

unique_lock<mutex> lock(mMutexMode);
if(mbActivateLocalizationMode)

{
mpLocalMapper->RequestStop();

// Wait until Local Mapping has effectively stopped
while(mpLocalMapper->isStopped())

{
usleep(1000);
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mpTracker->InformOnlyTracking(true);
mbActivateLocalizationMode = false;

}
if(mbDeactivateLocalizationMode)
{
mpTracker->InformOnlyTracking(false);
mpLocalMapper->Release();
mbDeactivateLocalizationMode = false;
}
}
/I Check reset
{
unique_lock<mutex> lock(mMutexReset);
if(mbReset)
{
mpTracker->Reset();
mbReset = false;
}
}

cv::Mat Tcw = mpTracker->GrablmageStereo(imLeft,imRight,timestamp);

unique_lock<mutex> lock2(mMutexState);

mTrackingState = mpTracker->mState;

mTrackedMapPoints = mpTracker->mCurrentFrame.mvpMapPoints;
mTrackedKeyPointsUn = mpTracker->mCurrentFrame.mvKeysUn;
return Tew;

cv::Mat System:: TrackRGBD(const cv::Mat &im, const cv::Mat &depthmap,
const double &timestamp)

{
if(mSensor!=RGBD)

{
cerr << "ERROR: you called TrackRGBD but input sensor was not
set to RGBD." << endl;

exit(-1);
}
/I Check mode change
{

unique_lock<mutex> lock(mMutexMode);
if(mbActivateLocalizationMode)
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mpLocalMapper->RequestStop();

/I Wait until Local Mapping has effectively stopped
while(mpLocalMapper->isStopped())

{
usleep(1000);

mpTracker->InformOnlyTracking(true);
mbActivateLocalizationMode = false;

}
if(mbDeactivateLocalizationMode)
{
mpTracker->InformOnlyTracking(false);
mpLocalMapper->Release();
mbDeactivateLocalizationMode = false;
}
}
/I Check reset
{
unique_lock<mutex> lock(mMutexReset);
if(mbReset)
{
mpTracker->Reset();
mbReset = false;
}
}

cv::Mat Tew = mpTracker->GrablmageRGBD(im,depthmap,timestamp);

unique_lock<mutex> lock2(mMutexState);

mTrackingState = mpTracker->mState;

mTrackedMapPoints = mpTracker->mCurrentFrame.mvpMapPoints;
mTrackedKeyPointsUn = mpTracker->mCurrentFrame.mvKeysUn;
return Tcw;

cv::Mat System::TrackMonocular(const cv::Mat &im, const double
&timestamp)

{
if(mSensor'=MONOCULAR)

{
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cerr << "ERROR: you called TrackMonocular but input sensor was
not set to Monocular.” << endl;

exit(-1);
}
/I Check mode change
{
unique_lock<mutex> lock(mMutexMode);
if(mbActivateLocalizationMode)
{
mpLocalMapper->RequestStop();
// Wait until Local Mapping has effectively stopped
while(!mpLocalMapper->isStopped())
{
usleep(1000);
}
mpTracker->InformOnlyTracking(true);
mbActivateLocalizationMode = false;
}
if(mbDeactivateLocalizationMode)
{
mpTracker->InformOnlyTracking(false);
mpLocalMapper->Release();
mbDeactivateLocalizationMode = false;
}
}
/I Check reset
{
unique_lock<mutex> lock(mMutexReset);
if(mbReset)
{
mpTracker->Reset();
mbReset = false;
}
}

cv::Mat Tew = mpTracker->GrablmageMonocular(im,timestamp);

unique_lock<mutex> lock2(mMutexState);
mTrackingState = mpTracker->mState;
mTrackedMapPoints = mpTracker->mCurrentFrame.mvpMapPoints;
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mTrackedKeyPointsUn = mpTracker->mCurrentFrame.mvKeysun;

return Tew;
}
void System::ActivateLocalizationMode()
{
unique_lock<mutex> lock(mMutexMode);
mbActivateLocalizationMode = true;
}
void System::DeactivateLocalizationMode()
{
unique_lock<mutex> lock(mMutexMode);
mbDeactivateLocalizationMode = true;
}
bool System::MapChanged()
{
static int n=0;
int curn = mpMap->GetLastBigChangeldx();
if(n<curn)
{
n=curn;
return true;
}
Else
return false;
}
void System::Reset()
{
unique_lock<mutex> lock(mMutexReset);
mbReset = true;
}

void System::Shutdown()
{
mpLocalMapper->RequestFinish();
mpLoopCloser->RequestFinish();
if(mpViewer)
{
mpViewer->RequestFinish();
while(!mpViewer->isFinished())
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usleep(5000);

/I Wait until all thread have effectively stopped
while(mpLocalMapper->isFinished() || ImpLoopCloser->isFinished() ||
mpLoopCloser->isRunningGBA())

{
usleep(5000);
}
if(mpViewer)
pangolin::BindToContext("ORB-SLAM2: Map Viewer");
}
void System::SaveTrajectory TUM(const string &filename)
{
cout << endl << "Saving camera trajectory to " << filename << " ..." <<
endl;
if(mSensor==MONOCULAR)
{

cerr << "ERROR: SaveTrajectoryTUM cannot be used for
monocular." << endl;
return;

vector<KeyFrame*> vpKFs = mpMap->GetAllKeyFrames();
sort(vpKFs.begin(),vpKFs.end(),KeyFrame::lld);

/I Transform all keyframes so that the first keyframe is at the origin.
/I After a loop closure the first keyframe might not be at the origin.
cv::Mat Two = vpKFs[0]->GetPoselnverse();

ofstream f;
f.open(filename.c_str());
f << fixed;

/I Frame pose is stored relative to its reference keyframe (which is
optimized by BA and pose graph).

/' We need to get first the keyframe pose and then concatenate the relative
transformation.

/I Frames not localized (tracking failure) are not saved.

/I For each frame we have a reference keyframe (IRit), the timestamp (IT)
and a flag
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/I which is true when tracking failed (IbL).
list<ORB_SLAM2Z::KeyFrame*>:.iterator IRit =
mpTracker->mlpReferences.begin();
list<double>::iterator IT = mpTracker->mlIFrameTimes.begin();
list<bool>::iterator IbL = mpTracker->mlbLost.begin();
for(list<cv::Mat>::iterator lit=mpTracker->mlRelativeFramePoses.begin(),
lend=mpTracker->mIRelativeFramePoses.end();lit!'=lend;lit++,
IRit++, IT++, IbL++)
{
if(*IbL)
continue;

KeyFrame* pKF = *IRit;

cv::Mat Trw = cv::Mat::eye(4,4,CV_32F);

/I 1f the reference keyframe was culled, traverse the spanning tree to
get a suitable keyframe.
while(pKF->isBad())

{
Trw = Trw*pKF->mTcp;
pKF = pKF->GetParent();

Trw = Trw*pKF->GetPose()*Two;

cv::Mat Tew = (*lit)*Trw;
cv::Mat Rwc = Tcw.rowRange(0,3).colRange(0,3).t();
cv::Mat twc = -Rwc*Tew.rowRange(0,3).col(3);

vector<float> q = Converter::toQuaternion(Rwc);

f << setprecision(6) << *IT << " " << setprecision(9) <<
twe.at<float>(0) << " " << twc.at<float>(1) << " " << twc.at<float>(2) << " "
<< 0] << " " << gl] << " << 2] << " " << q[3] << endl;

}

f.close();
cout << endl << "trajectory saved!" << endl;

void System::SaveKeyFrameTrajectory TUM(const string &filename)

{
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cout << endl << "Saving keyframe trajectory to " << filename << " ..." <<
endl;

vector<KeyFrame*> vpKFs = mpMap->GetAllKeyFrames();
sort(vpKFs.begin(),vpKFs.end(),KeyFrame::lld);

/I Transform all keyframes so that the first keyframe is at the origin.
/I After a loop closure the first keyframe might not be at the origin.
/lcv::Mat Two = vpKFs[0]->GetPoselnverse();

ofstream f;
f.open(filename.c_str());
f << fixed;

for(size_t i=0; i<vpKFs.size(); i++)

{
KeyFrame* pKF = vpKFsJi];

I/l pKF->SetPose(pKF->GetPose()* Two);

if(pKF->isBad())
continue;

cv::Mat R = pKF->GetRotation().t();
vector<float> q = Converter::toQuaternion(R);
cv::Mat t = pKF->GetCameraCenter();
f << setprecision(6) << pKF->mTimeStamp << setprecision(7) <<
<< tat<float>(0) << " " << tat<float>(1) << " " << t.at<float>(2)
<<l <Mt gl] <<t gL g2] << M << 3] <<

endl;

f.close();
cout << endl << "trajectory saved!" << endl;

void System::SaveTrajectoryKITTI(const string &filename)

{

cout << endl << "Saving camera trajectory to " << filename << " ..." <<
endl;

if(mSensor==MONOCULAR)

{
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cerr << "ERROR: SaveTrajectoryKITTI cannot be used for
monocular." << endl;
return;

vector<KeyFrame*> vpKFs = mpMap->GetAllKeyFrames();
sort(vpKFs.begin(),vpKFs.end(),KeyFrame::lid);

/I Transform all keyframes so that the first keyframe is at the origin.
/I After a loop closure the first keyframe might not be at the origin.
cv::Mat Two = vpKFs[0]->GetPoselnverse();

ofstream f;
f.open(filename.c_str());
f << fixed;

/I Frame pose is stored relative to its reference keyframe (which is
optimized by BA and pose graph).

/' We need to get first the keyframe pose and then concatenate the relative
transformation.

/I Frames not localized (tracking failure) are not saved.

/I For each frame we have a reference keyframe (IRit), the timestamp (IT)
and a flag

/I which is true when tracking failed (IbL).

list<ORB_SLAM2Z::KeyFrame*>::iterator IRit =
mpTracker->mlpReferences.begin();

list<double>::iterator IT = mpTracker->mIFrameTimes.begin();

for(list<cv::Mat>::iterator lit=mpTracker->mIRelativeFramePoses.begin(),
lend=mpTracker->mlRelativeFramePoses.end();lit'=lend;lit++, IRit++, IT++)

{
ORB_SLAM2::KeyFrame* pKF = *IRit;

cv::Mat Trw = cv::Mat::eye(4,4,CV_32F);
while(pKF->isBad())

{

/[ cout << "bad parent” << endl;
Trw = Trw*pKF->mTcp;
pKF = pKF->GetParent();

Trw = Trw*pKF->GetPose()*Two;
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cv::Mat Tew = (*lit)*Trw;
cv::Mat Rwc = Tcw.rowRange(0,3).colRange(0,3).t();
cv::Mat twc = -Rwc*Tcw.rowRange(0,3).col(3);

f << setprecision(9) << Rwc.at<float>(0,0) << " " <<
Rwec.at<float>(0,1) <<"" << Rwec.at<float>(0,2) <<"" << twc.at<float>(0)
<< mna <<

Rwec.at<float>(1,0) << " " << Rwe.at<float>(1,1) <<""<<

Rwc.at<float>(1,2) <<"" << twec.at<float>(1) <<" " <<
Rwec.at<float>(2,0) << " " << Rwec.at<float>(2,1) <<""<<
Rwc.at<float>(2,2) <<"" << twc.at<float>(2) << endl;
}
f.close();
cout << endl << "trajectory saved!" << endl;
}
int System::GetTrackingState()
{
unique_lock<mutex> lock(mMutexState);
return mTrackingState;
}
vector<MapPoint*> System::GetTrackedMapPoints()
{
unique_lock<mutex> lock(mMutexState);
return mTrackedMapPoints;
}
vector<cv::KeyPoint> System::GetTrackedKeyPointsun()
{
unique_lock<mutex> lock(mMutexState);
return mTrackedKeyPointsUn;
}
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Structure from Motion 7B E &

#include
"depthmap.h"

#include <opencv2/opencv.hpp>
#include <random>

namespace csfm {

bool Isinsidelmage(const cv::Mat &image, inti, int j) {
return i >= 0 && i < image.rows && j >= 0 && j < image.cols;

¥

template<typename T>
float LinearInterpolation(const cv::Mat &image, float y, float x) {
int ix = int(x);
int iy = int(y);
if (ix<O0]ix+1>=image.cols | iy <0 | iy + 1 >=image.rows) {
return 0.0f;
}
float dx = x - ix;
floatdy =y - iy;
float im00 = image.at<T>(iy, ix);
float im01 = image.at<T>(iy, ix + 1);
float im10 = image.at<T>(iy + 1, ix);
float im11 = image.at<T>(iy + 1, ix + 1);
float im0 = (1 - dx) * im00 + dx * im01;
floatim1 = (1 - dx) * im10 + dx * im11;
return (1 - dy) * im0 + dy * im1;

float Variance(float *x, int n) {
float sum = 0;
for(inti=0;i<n;++i){
sum += X[i];
}

float mean =sum/n;

float sum2 = 0;
for(inti=0;i<n;++i){

sum2 += (x[i] - mean) * (x[i] - mean);
}

return sum2 / n;
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NCCEstimator::NCCEstimator()
: sumx_(0), sumy_(0), sumxx_(0), sumyy_(0), sumxy_(0), sumw_(0) {}

void NCCEstimator::Push(float x, float y, float w) {
SUMX_ +=w * X;
sumy_+=w*y;
SUMXX_ += W * X * X;
sumyy_+=w*y*y;
sumxy_+=w*x*y;
sumw_ += w;

float NCCEstimator::Get() {
float meanx = sumx_ / sumw_;
float meany = sumy_/ sumw_;
float meanxx = sumxx_ / sumw_;
float meanyy = sumyy_ /sumw_;
float meanxy = sumxy_ / sumw_;
float varx = meanxx - meanx * meanx;
float vary = meanyy - meany * meany;
if (varx<0.1] vary<0.1){
return -1;
}else {
return (meanxy - meanx * meany) / sqrt(varx * vary);
}
}

void ApplyHomography(const cv::Matx33f &H,
float x1, float y1,
float *x2, float *y2) {
float w=H(2, 0) * x1 + H(2, 1) * y1 + H(2, 2);
*x2 = (H(0, 0) * x1 + H(0, 1) * y1 + H(0, 2)) / w;
*y2 = (H(1,0)*x1+H(1, 1) *yl+H(1, 2)/ w;

cv::Matx33d PlanelnducedHomography(const cv::Matx33d &K1,
const cv::Matx33d &R1,
const cv::Vec3d &t1,
const cv::Matx33d &K2,
const cv::Matx33d &R2,
const cv::Vec3d &t2,
const cv::Vec3d &v) {
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cv::Matx33d R2R1 = R2 * R1.t();
return K2 * (R2R1 + (R2R1 * t1 - t2) * v.t()) * K1.inv();

}

cv::Matx33f PlanelnducedHomographyBaked(const cv::Matx33d &K1linv,
const cv::Matx33d &Q2,
const cv::Vec3d &a2,
const cv::Matx33d &K2,
const cv::Vec3d &v) {
return K2 * (Q2 + a2 * v.t()) * Klinv;

}

cv::Vec3d Project(const cv::Vec3d &,
const cv::Matx33d &K,
const cv::Matx33d &R,
const cv::Vec3d &t) {
return K* (R * x + t);

¥

cv::Vec3d Backproject(double x, double y, double depth,
const cv::Matx33d &K,
const cv::Matx33d &R,
const cv::Vec3d &t) {
return R.t() * (depth * K.inv() * cv::Vec3d(x, y, 1) - t);
}

float DepthOfPlaneBackprojection(double x, double y,
const cv::Matx33d &K,
const cv::Vec3d &plane) {
float denom = -(plane.t() * K.inv() * cv::Vec3d(X, y, 1))(0);
return 1.0f / std::max(1e-6f, denom);

}

cv::Vec3f PlaneFromDepthAndNormal(float x, float y,
const cv::Matx33d &K,
float depth,
const cv::Vec3f &normal) {
cv::Vec3f point = depth * K.inv() * cv::Vec3d(x, y, 1);
float denom = -normal.dot(point);
return normal / std::max(1e-6f, denom);

}

float UniformRand(float a, float b) {
return a + (b - a) * float(rand()) / RAND_MAX;
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DepthmapEstimator::DepthmapEstimator()
. patch_size_(7),

min_depth_(0),
max_depth_(0),
num_depth_planes_(50),
patchmatch_iterations_(3),
min_patch_variance_(5 * 5),
rng_{std::random_device{}()},
uni_(0, 0),
unit_normal_(0, 1) {}

void DepthmapEstimator::AddView(const double *pK, const double *pR,
const double *pt, const unsigned char
*pimage,
const unsigned char *pmask, int
width,
int height) {
Ks_.emplace_back(pK);
Rs_.emplace_back(pR);
ts_.emplace_back(pt);
Kinvs_.emplace_back(Ks_.back().inv());
Qs_.emplace_back(Rs_.back() * Rs_.front().t());
as_.emplace_back(Qs_.back() * ts_.front() - ts_.back());
images_.emplace_back(cv::Mat(height, width, CV_8U, (void
*)pimage).clone());
masks_.emplace_back(cv::Mat(height, width, CV_8U, (void
*)pmask).clone());
std::size_t size = images_.size();
inta=(size>1)?1:0;
intb = (size > 1) ?size-1:0;
uni_.param(std::uniform_int_distribution<int>::param_type(a, b));

void DepthmapEstimator::SetDepthRange(double min_depth, double
max_depth,
int num_depth_planes) {
min_depth_ = min_depth;
max_depth = max_depth;
num_depth_planes_ = num_depth_planes;

}

void DepthmapEstimator::SetPatchMatchlterations(int n) {
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patchmatch_iterations_ =n;

}

void DepthmapEstimator::SetPatchSize(int size) {
patch_size = size;

}

void DepthmapEstimator::SetMinPatchSD(float sd) {
min_patch_variance_ = sd * sd;

}

void DepthmapEstimator::ComputeBruteForce(DepthmapEstimatorResult
*result) {
AssignMatrices(result);

int hpz = (patch_size_-1)/2;
for (int i = hpz; i < result->depth.rows - hpz; ++i) {
for (int j = hpz; j < result->depth.cols - hpz; ++j) {
for (intd = 0; d < num_depth_planes_; ++d) {
float depth =
1/(1/min_depth_+d* (1/max_depth_-1/min_depth_ )/
(num_depth_planes_ - 1));
cv::Vec3f normal(0, 0, -1);
cv::Vec3f plane = PlaneFromDepthAndNormal(j, i, Ks_[0], depth,
normal);
CheckPlaneCandidate(result, i, j, plane);

¥
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void DepthmapEstimator::ComputePatchMatch(DepthmapEstimatorResult
*result) {

AssignMatrices(result);

Randomlnitialization(result, false);

ComputelgnoreMask(result);

for (inti=0; i < patchmatch_iterations_; ++i) {
PatchMatchForwardPass(result, false);
PatchMatchBackwardPass(result, false);

}

PostProcess(result);

}
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void DepthmapEstimator::ComputePatchMatchSample(
DepthmapEstimatorResult *result) {
AssignMatrices(result);
Randomlnitialization(result, true);
ComputelgnoreMask(result);

for (inti=0; i < patchmatch_iterations_; ++i) {
PatchMatchForwardPass(result, true);
PatchMatchBackwardPass(result, true);

}

PostProcess(result);

¥

void DepthmapEstimator::AssignMatrices(DepthmapEstimatorResult *result)
{
result->depth = cv::Mat(images_[0].rows, images_[0].cols, CV_32F, 0.0f);
result->plane = cv::Mat(images_[0].rows, images_[0].cols, CV_32FC3,
0.0f);
result->score = cv::Mat(images_[0].rows, images_[0].cols, CV_32F, 0.0f);
result->nghbr = cv::Mat(images_[0].rows, images_[0].cols, CV_32S,
cv::Scalar(0));
}

void DepthmapEstimator::RandomInitialization(DepthmapEstimatorResult
*result,
bool sample) {
int hpz = (patch_size_-1)/2;
for (int i = hpz; i < result->depth.rows - hpz; ++i) {
for (int j = hpz; j < result->depth.cols - hpz; ++j) {
float depth = exp(UniformRand(log(min_depth_), log(max_depth_)));
cv::Vec3f normal(UniformRand(-1, 1), UniformRand(-1, 1), -1);
cv::Vec3f plane = PlaneFromDepthAndNormal(j, i, Ks_[0], depth,
normal);
int nghbr;
float score;
if (sample) {
nghbr =uni_(rng_);
score = ComputePlanelmageScore(i, j, plane, nghbr);

}else {

ComputePlaneScore(i, j, plane, &score, &nghbr);

}
AssignPixel(result, i, j, depth, plane, score, nghbr);
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void DepthmapEstimator::ComputelgnoreMask(DepthmapEstimatorResult
*result) {

int hpz = (patch_size_-1)/2;
for (int i = hpz; i < result->depth.rows - hpz; ++i) {
for (int j = hpz; j < result->depth.cols - hpz; ++j) {
bool masked = masks_[0].at<unsigned char>(i, j) == 0;
bool low_variance = PatchVariance(i, j) < min_patch_variance_;
if (masked || low_variance) {
AssignPixel(result, i, j, 0.0f, cv::Vec3f(0, 0, 0), 0.0f, 0);
}
}
}
}

float DepthmapEstimator::PatchVariance(int i, int j) {
float patch[patch_size_ * patch_size ];
int hpz = (patch_size_-1)/2;
int counter = 0;
for (int u = -hpz; u <= hpz; ++u) {
for (intv = -hpz; v <= hpz; ++v) {
patch[counter++] = images_[0].at<unsigned char>(i + u, j + Vv);
}
}
return Variance(patch, patch_size * patch_size );

}

void
DepthmapEstimator::PatchMatchForwardPass(DepthmapEstimatorResult
*result,
bool sample) {
int adjacent[2][2] = {{-1, 0}, {0, -1}};
int hpz = (patch_size_-1)/2;
for (int i = hpz; i < result->depth.rows - hpz; ++i) {
for (int j = hpz; j < result->depth.cols - hpz; ++j) {
PatchMatchUpdatePixel(result, i, j, adjacent, sample);
}
}
}
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void
DepthmapEstimator::PatchMatchBackwardPass(DepthmapEstimatorResult
*result,
bool sample) {
int adjacent[2][2] = {{0, 1}, {1, 0}};
int hpz = (patch_size_-1)/2;
for (int i = result->depth.rows - hpz - 1; i >= hpz; --i) {
for (int j = result->depth.cols - hpz - 1; j >= hpz; --j) {
PatchMatchUpdatePixel(result, i, j, adjacent, sample);
}
}
}

void
DepthmapEstimator::PatchMatchUpdatePixel(DepthmapEstimatorResult
*result,
inti, intj, int
adjacent[2][2],
bool sample) {
/I Ilgnore pixels with depth == 0.
if (result->depth.at<float>(i, j) == 0.0f) {
return;

/I Check neighbors and their planes for adjacent pixels.
for (intk =0; k <2; ++k) {

int i_adjacent = i + adjacent[K][O];

int j_adjacent = j + adjacent[K][1];

// Do not propagate ignored adjacent pixels.
if (result->depth.at<float>(i_adjacent, j_adjacent) == 0.0f) {
continue;

}
cv::Vec3f plane = result->plane.at<cv::Vec3f>(i_adjacent, j_adjacent);

if (sample) {
int nghbr = result->nghbr.at<int>(i_adjacent, j_adjacent);
CheckPlanelmageCandidate(result, i, j, plane, nghbr);
Yelse{
CheckPlaneCandidate(result, i, j, plane);
}
}
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/I Check random planes for current neighbor.
float depth_range = 0.02;
float normal_range = 0.5;
int current_nghbr = result->nghbr.at<int>(i, j);
for (intk =0; k <6; ++k) {
float current_depth = result->depth.at<float>(i, j);
float depth = current_depth * exp(depth_range * unit_normal_(rng_));

cv::Vec3f current_plane = result->plane.at<cv::Vec3f>(i, j);
cv::Vec3f normal(-current_plane(0) / current_plane(2)
+ normal_range * unit_normal_(rng_),
-current_plane(1) / current_plane(2)
+ normal_range * unit_normal_(rng_),
-1.0f);

cv::Vec3f plane = PlaneFromDepthAndNormal(j, i, Ks_[0], depth,
normal);
if (sample) {
CheckPlanelmageCandidate(result, i, j, plane, current_nghbr);

}else{
CheckPlaneCandidate(result, i, j, plane);

}

depth_range *=0.3;
normal_range *=0.8;

if (!sample || images_.size() <=2) {
return;

/I Check random other neighbor for current plane.

int other_nghbr = uni_(rng_);

while (other_nghbr == current_nghbr) {
other_nghbr = uni_(rng_);

}

cv::Vec3f plane = result->plane.at<cv::Vec3f>(i, j);
CheckPlanelmageCandidate(result, i, j, plane, other_nghbr);

void DepthmapEstimator::CheckPlaneCandidate(DepthmapEstimatorResult
*result,
inti, intj,
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const cv::Vec3f
&plane) {
float score;
int nghbr;
ComputePlaneScore(i, j, plane, &score, &nghbr);
it (score > result->score.at<float>(i, j)) {
float depth = DepthOfPlaneBackprojection(j, i, Ks_[0], plane);
AssignPixel(result, i, j, depth, plane, score, nghbr);
}
}

void DepthmapEstimator::CheckPlanelmageCandidate(
DepthmapEstimatorResult *result, int i, int j, const cv::Vec3f &plane,
int nghbr) {
float score = ComputePlanelmageScore(i, j, plane, nghbr);
if (score > result->score.at<float>(i, j)) {
float depth = DepthOfPlaneBackprojection(j, i, Ks_[0], plane);
AssignPixel(result, i, j, depth, plane, score, nghbr);
}
}

void DepthmapEstimator::AssignPixel(DepthmapEstimatorResult *result, int
I,
int j, const float depth,
const cv::Vec3f &plane, const
float score,
const int nghbr) {
result->depth.at<float>(i, j) = depth;
result->plane.at<cv::Vec3f>(i, j) = plane;
result->score.at<float>(i, j) = score;
result->nghbr.at<int>(i, j) = nghbr;

void DepthmapEstimator::ComputePlaneScore(int i, int j, const cv::Vec3f
&plane,
float *score, int *nghbr)
{
*score = -1.0f;
*nghbr = 0;
for (int other = 1; other < images_.size(); ++other) {
float image_score = ComputePlanelmageScore(i, j, plane, other);
if (image_score > *score) {
*score = image_score;
*nghbr = other;
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float DepthmapEstimator::ComputePlanelmageScoreUnoptimized(
int i, int j, const cv::Vec3f &plane, int other) {
cv::Matx33f H = PlanelnducedHomographyBaked(
Kinvs_[0], Qs_[other], as_[other], Ks_[other], plane);
int hpz = (patch_size_-1)/2;
float im1_center = images_[0].at<unsigned char>(i, j);
NCCEstimator ncc;
for (int dy = -hpz; dy <= hpz; ++dy) {
for (int dx = -hpz; dx <= hpz; ++dx) {
float im1 = images_[0].at<unsigned char>(i + dy, j + dx);
float x2, y2;
ApplyHomography(H, j + dx, i + dy, &x2, &y?2);
float im2 = LinearInterpolation<unsigned char>(images_[other], y2,

X2);
float weight = BilateralWeight(im1 - im1_center, dx, dy);
ncc.Push(iml, im2, weight);
}
}
return ncc.Get();
}

float DepthmapEstimator::ComputePlanelmageScore(int i, int j,
const cv::Vec3f
&plane,
int other) {
cv::Matx33f H = PlanelnducedHomographyBaked(
Kinvs_[0], Qs_[other], as_[other], Ks_[other], plane);
int hpz = (patch_size_-1)/2;

float u = H(0, 0) * j + H(0, 1) * i + H(0, 2);
float v = H(1, 0) * j + H(L, 1) * i + H(L, 2);
floatw = H(2, 0) * j + H(2, 1) * i + H(2, 2);

float dfdx_x = (H(0, 0) * w - H(2, 0) * u) / (w * w);
float dfdx_y = (H(1, 0) *w - H(2, 0) * v) / (W * w);
float dfdy_x = (H(0, 1) *w - H(2, 1) * u) / (w * w);
float dfdy_y = (H(1, 1) *w-H(2, 1) *v) / (w * w);

float HXO =u/w;
float HyO = v / w;
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float im1_center = images_[0].at<unsigned char>(i, j);

NCCEstimator ncc;
for (int dy = -hpz; dy <= hpz; ++dy) {
for (int dx = -hpz; dx <= hpz; ++dx) {
float im1 = images_[0].at<unsigned char>(i + dy, j + dx);
float x2 = HxO0 + dfdx_x * dx + dfdy_x * dy;
float y2 = HyO + dfdx_y * dx + dfdy_y * dy;
float im2 = LinearInterpolation<unsigned char>(images_[other], y2,

X2);
float weight = BilateralWeight(im1 - im1_center, dx, dy);
ncc.Push(iml, im2, weight);
}
}
return ncc.Get();
}

float DepthmapEstimator::BilateralWeight(float dcolor, float dx, float dy) {
const float dcolor_sigma = 50.0f;
const float dx_sigma = 5.0f;
const float dcolor_factor = 1.0f / (2 * dcolor_sigma * dcolor_sigma);
const float dx_factor = 1.0f / (2 * dx_sigma * dx_sigma);
return exp(
- dcolor * dcolor * dcolor_factor
- (dx * dx + dy * dy) * dx_factor
);
}

void DepthmapEstimator::PostProcess(DepthmapEstimatorResult *result) {
cv::Mat depth_filtered;
cv::medianBlur(result->depth, depth_filtered, 5);

for (inti = 0; i < result->depth.rows; ++i) {
for (int j = 0; j < result->depth.cols; ++j) {
float d = result->depth.at<float>(i, j);
float m = depth_filtered.at<float>(i, j);
if (fabs(d - m)/d >0.05) {
result->depth.at<float>(i, j) = 0;
¥
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DepthmapCleaner::DepthmapCleaner()
: same_depth_threshold_(0.01), min_consistent_views_(2) {}

void DepthmapCleaner::SetSameDepthThreshold(float t) {
same_depth_threshold_ =t;

}

void DepthmapCleaner::SetMinConsistentViews(int n) {
min_consistent_views_=n;

}

void DepthmapCleaner::AddView(const double *pK, const double *pR,
const double *pt, const float *pdepth,
int width,
int height) {
Ks_.emplace_back(pK);
Rs_.emplace_back(pR);
ts_.emplace_back(pt);
depths_.emplace_back(cv::Mat(height, width, CV_32F, (void
*)pdepth).clone());
}

void DepthmapCleaner::Clean(cv::Mat *clean_depth) {
*clean_depth = cv::Mat(depths_[0].rows, depths_[0].cols, CV_32F, 0.0f);

for (int i =0; i < depths_[0].rows; ++i) {
for (int j = 0; j < depths_[0].cols; ++j) {
float depth = depths_[0].at<float>(i, j);
cv::Vec3f point = Backproject(j, i, depth, Ks_[0], Rs_[0], ts_[O]);
int consistent_views = 1;
for (int other = 1; other < depths_.size(); ++other) {
cv::Vec3f reprojection = Project(point, Ks_[other], Rs_[other],
ts_[other]);
float u = reprojection(0) / reprojection(2);
float v = reprojection(1) / reprojection(2);
float depth_of point = reprojection(2);
float depth_at_reprojection =
LinearInterpolation<float>(depths_[other], v, u);
if (fabs(depth_at_reprojection - depth_of point) < depth_of point *
same_depth_threshold ) {
consistent_views++;

}
}

if (consistent_views >= min_consistent_views ) {
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clean_depth->at<float>(i, j) = depths_[0].at<float>(i, j);
}else {
clean_depth->at<float>(i, j) = 0;
}
}
}
}

DepthmapPruner::DepthmapPruner() : same_depth_threshold_(0.01) {}

void DepthmapPruner::SetSameDepthThreshold(float t) {
same_depth_threshold_ =t;

¥

void DepthmapPruner::AddView(const double *pK, const double *pR,
const double *pt, const float *pdepth,
const float *pplane, const unsigned char
*pcolor,
const unsigned char *plabel, const
unsigned char *pdetection,
int width, int height) {
Ks_.emplace_back(pK);
Rs_.emplace_back(pR);
ts_.emplace_back(pt);
depths_.emplace_back(cv::Mat(height, width, CV_32F, (void
*)pdepth).clone());
planes_.emplace_back(
cv::Mat(height, width, CV_32FC3, (void *)pplane).clone());
colors_.emplace_back(cv::Mat(height, width, CV_8UC3, (void
*)pcolor).clone());
labels_.emplace_back(cv::Mat(height, width, CV_8U, (void
*)plabel).clone());
detections_.emplace_back(cv::Mat(height, width, CV_8U, (void
*)pdetection).clone());
}

void DepthmapPruner::Prune(std::vector<float> *merged_points,
std::vector<float> *merged_normals,
std::vector<unsigned char>
*merged_colors,
std::vector<unsigned char>
*merged_labels,
std::vector<unsigned char>
*merged_detections) {
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cv::Matx33f Rinv = Rs_[0].t();
for (inti=0; i < depths_[0].rows; ++i) {
for (int j = 0; j < depths_[0].cols; ++j) {
float depth = depths_[0].at<float>(i, j);
if (depth <=0){
continue;
}
cv::Vec3f normal = cv::normalize(planes_[0].at<cv::Vec3t>(i, j));
float area = -normal(2) / depth * Ks_[0](0, 0);
cv::Vec3f point = Backproject(j, i, depth, Ks_[0], Rs_[0], ts_[O]);
bool keep = true;
for (int other = 1; other < depths_.size(); ++other) {
cv::Vec3d reprojection = Project(point, Ks_[other], Rs_[other],
ts_[other]);
int iu = int(reprojection(0) / reprojection(2) + 0.5f);
int iv = int(reprojection(1) / reprojection(2) + 0.5f);
float depth_of _point = reprojection(2);
if (MsInsidelmage(depths_[other], iv, iu)) {
continue;
}
float depth_at_reprojection = depths_[other].at<float>(iv, iu);
if (depth_at_reprojection > (1 - same_depth_threshold_) *
depth_of_point) {
cv::Vec3f normal_at_reprojection =
cv::normalize(planes_[other].at<cv::Vec3f>(iv, iu));
float area_at_reprojection = -normal_at_reprojection(2) /
depth_at_reprojection * Ks_[other](0, 0);
if (area_at_reprojection > area) {
keep = false;
break;
}
}
}
it (keep) {
cv::Vec3f R1_normal = Rinv * normal,
cv::Vec3b color = colors_[0].at<cv::Vec3b>(i, j);
unsigned char label = labels_[0].at<unsigned char>(i, j);
unsigned char detection = detections_[0].at<unsigned char>(i, j);
merged_points->push_back(point[0]);
merged_points->push_back(point[1]);
merged_points->push_back(point[2]);
merged_normals->push_back(R1_normal[0]);
merged_normals->push_back(R1_normal[1]);
merged_normals->push_back(R1_normal[2]);
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merged_colors->push_back(color[0]);
merged_colors->push_back(color[1]);
merged_colors->push_back(color[2]);
merged_labels->push_back(label);
merged_detections->push_back(detection);
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