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7.3 Bad Histograms

One thing worth mentioning, is that the system is dependent on the quality
of the histogram. This means that the inputed seed needs to include pixels of
the image from many different locations in many different light environments.
Bad histograms are those with little variation in color, and can cause the
object to be lost when it is farther away or in dimmer or brighter light
environments. An example of a histogram that has very little variation is
shown in Fig. 23. Fig. 24 shows an example of an object tracked with
this histogram that is too far away to register enough probability in the
backproject.

Figure 23: An example of a histogram with little variation
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Figure 24: The cone is so far away that its probability in the backproject is
less than the brightly lit wall
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7.4 Cases Without Distortions

Let us now examine the results of one of the cases without any distortion.
The case is for the Pioneer robot in the lab. Despite the presence of linoleum
floors, the fact that they were white linoleum floors made them less reflective.
An example of one frame is shown in Fig. 25. Notice that this frame shows
some distortion, which happened infrequently for less-reflective floors. The
data histogram for 1000 frames is shown in Fig. 26. On the x axis is the
difference between the measured distance and the estimated distance. Along
the y axis is the number of data points within that bin. Notice that an
envelope of the histogram is a Gaussian distribution with a mean of 0.11
centimeters and a standard deviation of 3.83 centimeters. This shows that
for this particular environment the vision application was able to accurately
estimate distances with almost normal error.

rl:l RoboCam \Z“Er

Figure 25: A frame from the lab environment with the cone 150 centimeters
away from the Pioneer 2 robot

If we then aggregate all the data collected for both robots, and all distances
and locations where distortions did not occur, we again see an almost Gaus-
sian fit with a mean of -8.69 centimeters and a standard deviation of 24.54
centimeters. The histogram for this data is in Fig. 27.
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Figure 26: A frequency histogram of error for the lab environment at a
distance of 150 centimeters without distortion
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Figure 27: A frequency histogram of error for all environments and distances
that did not show distortion
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7.5 Cases With Distortions

We now examine a case where distortion caused the results to be unreliable.
The environment is a hallway with green linoleum flooring. The robot is
Borg, the power wheels robot with a standard webcam. The distance in this
case is H00 centimeters. Notice from Fig. 28, that the application tracked
the cone and its entire reflection, effectively doubling the height of the cone.
Therefore we would expect the distance estimations to be shorter than the
measured value because the cone appears larger, and thus closer. From all
the cases we took data for, 32% of them contained distortion. This number
only reflects our choice of environments, however it fairly demonstrates that
these distortions are a significant source for error.

jm] RoboCam [=J0x]

Figure 28: A frame from the hall environment with the cone 500 centimeters
away from the Power Wheels robot

A histogram of the data taken for this one case is shown in Fig. 29. No-
tice that, although the data appears to be somewhat Gaussian, the mean is
closer to -122 centimeters. Also, there are fewer histogram bars in this plot
meaning that the search window jittered causing the distance estimations to
jump.

A histogram of the error for all cases that had distortion is shown in Fig.
30. Notice that although some parts of this data appear Gaussian, values are
still very far from zero and jump unreliably. Furthermore, most of the data is
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Figure 29: A frequency histogram of error for the hall environment at a
distance of 500 centimeters with distortion

less than zero which means that the estimates were more often shorter than
the measured value, in many times around 800 centimeters shorter.
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Figure 30: A frequency histogram of error for all environments and distances
that showed distortion



58 7 RESULTS

7.6 All Cases

If we now make a histogram of all data, both with and without distortion,
we see that the majority of the data showed good results. The application
is able to estimate the distance of the object accurately when there is no
distortion. Furthermore, the frequency of accurate results outweighed that
of inaccurate results. See Fig. 31 for the histogram of all data.
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Figure 31: A frequency histogram of error for all environments and distances
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8 Conclusion

The goal of this project was to create an application for object depth per-
ception. The application we developed uses the Camshift algorithm to track
objects based on their color, then passes the location and size of the object
to the POSIT algorithm, which estimates the objects pose. Again, Camshift
uses density gradient estimation to hill-climb its way to the object. POSIT
uses a model of the object, algebraic techniques, and an iterative approach
to more accurately estimate the pose of the object.

In order to use the application on video streams with frame rates upto 30
fps, we needed algorithms that could perform on a single frame and could
complete their computation in at most a 30th of a second. Other solutions
to object tracking and pose estimation, such as segmentation and genetic
algorithms, were simply too slow or required multiple images. Thus, we
chose Camshift and POSIT over other methods because of their relative
speed in computation and the fact that efficient implementations of both
are available in OpenCV. Camshift solves many problems associated with
object tracking because of its adaptive search window, and POSIT is a fast,
accurate algorithm that can be performed on a single image.

From the data we gathered, we have shown that in most of the cases, the
application works well and returns accurate estimations of depth. However,
when there are reflections or occlusions of the object, the application will
return inaccurate data. This is unavoidable because of the nature of color
based tracking. These distortions can greatly effect the ability of Camshift
to track an object, because they change its perceived size. Furthermore, in
order for POSIT to accurately estimate the distance to the object, Camshift
must pass it accurate information about the size and location of the ob-
ject. Therefore, the performance of Camshift has more effect on the overall
performance of the system than that of POSIT.

In order to reliably integrate this application into the Monte Carlo Localizer
we would need to ensure that no cone will have reflections or occlusions caus-
ing its perceived size to be inaccurate. A possible solution to this problem,
that involves tracking features rather than color, is discussed in Section 9.2.
Another solution may simply be to place non-reflective surfaces underneath
the cones when positioning them around the map. We may also need to as-
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sociate an error or probability with each distance estimation to smooth out
the effect of bad estimations.

9 Future Work

9.1 Accurate Estimation of Focal Length

During our attempts to use camera calibration techniques to accurately es-
timate the focal length of the cameras, we were never able to obtain useful
values. Furthermore, the POSIT function takes a single focal length pa-
rameter, while the camera calibration algorithms returned a horizontal and
vertical focal length. The POSIT algorithm assumed square pixels when in
fact the image pixels were rectangular. Because we are consistent, our false
focal length works well. However this could be masking other inaccuracies of
the system. Some work to further pursue would be to transform the images
into square images, accurately estimate the focal length, and use this focal
length to estimate pose.

9.2 Feature Tracking Algorithms

One other shortcoming of our method is how we match feature points to
model points. We assume that the Camshift search window exactly encloses
the cone which it does not always do. One way to improve the system might
be to use visible features of the object, meaning features on the object that
cause recognizable pixel intensity variation, such as a corner. This would also
help solve the problems of distortions because the pose would be based on
only visible feature points and would ignore color reflection off the floor.

One possible way to detect suitable features would be to use SIFT features
that are trackable in the vicinity of the search window. SIFT, first developed
by Lowe [28], stands for Scale-Invariant Feature Transform. SIFT features,
as their name suggests, are invariant to scale and rotation. Therefore SIF'T
features are relatively robust in detection [28]. If we used model points for
our cone that correspond to SIFT features, we might get a better estimation
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of pose from POSIT. One possible limitation of this is that there may not be
enough SIF'T features on a cone to obtain four non-coplanar points. We may
have to choose a different object, while ensuring it is still highly contrastive
to its environment.

9.3 Kalman Filter

A possible technique we can use to improve the measurements from the
application is called a Kalman Filter, and is a mathematical technique to
estimate the state of a linear dynamic system. The Kalman Filter is named
after Rudolf E. Kalman, because of his seminal paper on the subject in
1960 [29]. The purpose of the Kalman Filter is to use observed measurements
over time that contain noise and inaccuracies to produce values that tend
closer to the true values of the measurements [30].

The Kalman filter combines the system’s dynamics model, the known control
inputs to the system, and sensor measurements to estimate the system’s state.
The system’s dynamics model comes from properties such as physical laws of
motion or other known properties of the system that can be used to predict
the next value [2].

If the Kalman filter were to be used to improve our application, the system’s
state would be the location and size of the object being tracked. The sys-
tem’s dynamics model would use the fact that the location and size of the
object should change proportionally to its speed and direction. Finally, the
sensor measurements would be the location and size of the Camshift search
window.

9.4 Integration of Vision Application into MCL

Finally, we need to integrate the vision application into the Monte Carlo Lo-
calizer, and test the improvement gained from the added sensors. This would
require knowing the exact position of cones in the map of Olin-Rice, which
we would measure manually. The basic idea is that the distance returned
from the vision application would be sent to MCL, which would then look
for those samples that have a cone in front of them at a similar distance.
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Because the application does not return 100% accurate data, we would also
want to incorporate some error estimation with the distances values. This
would allow the localizer to smooth out any false distance estimations passed
to it.



A Source Code for the Capture Program

/******************************************************************************\

* Capture.h: header of Capture.cpp: *
* program to capture images from either a default webcam or *
* from files, and run several OpenCV algorithms on those images in order to *
* track objects by color and estimate their pose. *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

\******************************************************************************/

#ifndef CAPTURE_H_
#define CAPTURE_H_

#include <cv.h>

#include <highgui.h>

#include <math.h>

#include <pthread.h>

#include <cstring>

#include <iostream>

#include <stdlib.h>

#include <dirent.h>

#include <fstream>

#include "ColorTracker.h"
#include "CameraColorTracker.h"
#include "FilesColorTracker.h"

#define SRC_CAMERA 5
#define SRC_FILES 10
using namespace std;

// Variables marked by **shared** below are shared by both threads and
// control MUST be mediated through a lock.

// Locks
pthread_mutex_t colorTrackerLock = PTHREAD_MUTEX_INITIALIZER;
pthread_mutex_t stopLock = PTHREAD_MUTEX_INITIALIZER;

// Global variables

bool globStop = false;// **shared** sends when to quit b/w threads
bool verbose = false; // when to produce verbose output

bool logFlag = false; // if we want to log avi files

bool useMouseSelection = false;

int selectObject = 0;// when the mouse is selecting an object

int trackObject = 0; // when an object is being tracked

int picSource = SRC_CAMERA; // if we are using camera or files

// Used by Hough lines to store important lines
int lineTotal = 10;

int lineCount = 0;

CvPoint** importantLines = 0;

// Used to keep track of the folder and fileName
char picsFolder[100];
char picsFileName[100];

// Variables below are shared by both threads
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char wndName[] = "Edge";

char tbarName[] = "Threshold";

int edgeThresh = 1;

int imageOrigin = 0;

CvPoint origin;

ColorTracker* colorTracker; // **shared*x*

// Variable used by display function
CvRect selection;

//END GLOBAL VARIABLES

//
// DECLARATIONS OF FUNCTIONS

// edge detector functions

IplImage* edgeDetect( IplImage* image);

IplImage* lineDetect( IplImage* src);

bool betweenAngles(float theta, float lowBound, float highBound);
void setupHough(Q);

void cleanupHough();

// 1/0 Functions

void* ioThread( void *ptr);

void updateSaveName(char *fileName, char* folder, char* wholepath);
void printVerbose(const string str);

// Display Functions
void* displayThread( void *ptr);
void onMouse( int event, int x, int y, int flags, void* param );

// END FUNCTION DECLARATIONS

#endif /* CAPTURE_H_ */

/s ok sk ok sk ok ok sk sk sk s ok sk sk sk e sk sk sk sk s ok sk sk sk sk sk sk sk s ok sk sk sk e sk sk sk sk sk sk ok sk sk e sk sk sk sk sk sk ok ok ok \
* Capture.cpp: a program to capture images from either a default webcam or *
* from files, and run several OpenCV algorithms on those images in order to *
* track objects by color, and estimate their pose. *
* Written by Kayton Parekh and Susan Fox, Summer 2009 *

sk sk sk sk ok ok sk ook o sk ok ok ok ook sk ok ok ok ok o sk o ok ok o sk sk o ok sk sk sk o ok ok ok sk ok sk sk sk ok o ok ok sk sk o sk ok ok ok sk ok sk ok ok /

#include "Capture.h"

/*
* This section contains the main function */

//

int main(int argc, charx* argv ) {
char csvFileNamel[100], csvFileName2[100];
bool loadedl = true, loaded2 = true; // load success flags

//argument flags
bool doFile = false, seenFirst = false, seenSecond = false;

for ( int i = 1; i < argc; i++ ) {
// user entered -v on command-line
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if ( strcmp(argv[i], "-v") == 0 ) {
verbose = true;

}

// user entered -f on command-line

else if ( stremp(argv[il, "-f") == 0 ) {
doFile = true;

}
// user entered -fv OR -VF on command-line
else if ( strcmp(argv[i], "-fv") ==
|l stremp(argv[i], "-vE") == 0 ) {
doFile = true;
verbose = true;
}

// this is the first csv filename we’ve seen
else if ( !seenFirst ) {

seenFirst = true;

strcpy(csvFileNamel, argv[il);
}
// this is the second csv filename we’ve seen
else if ( !seenSecond ) {

seenSecond = true;

strcpy(csvFileName2, argv[il);

}

else {
cerr << "Invalid or too much command-line input!" << endl;
exit(0);

}

}

// Set up the right kind of color tracker based on command line input
if ( doFile ) {

picSource = SRC_FILES;

colorTracker = new FilesColorTracker();

}
else {

colorTracker = new CameraColorTracker();
}

// Set up histogram(s) and related variables
if ( !seenFirst ) { // If no csv files input
useMouseSelection = true;
}
else { // one or more csv files were input
loadedl = colorTracker->loadHist(csvFileNamel, OBJECT_FIRST);
colorTracker->showHistImage (OBJECT_FIRST) ;
if (! seenSecond ) { // exactly one csv file was input
colorTracker->resetWindow (OBJECT_FIRST) ;

}

else { // two csv files were input
colorTracker->trackTwoObjects (true);
loaded2 = colorTracker->loadHist(csvFileName2, OBJECT_SECOND) ;
if ( strcmp( csvFileNamel, csvFileName2 ) ) {

colorTracker->showHistImage (OBJECT_SECOND) ;

}
colorTracker->resetWindow (0BJECT_BOTH) ;

}
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//if loading failed print error and exit
// doesnt work because loading will be true no matter what
// cant get try-catch working right.
if (1loaded1){

cerr << "ERROR: could not load first csv file" << endl;
}
if (1loaded2){

cerr << "ERROR: could not load second csv file" << endl;

}

if(!loadedl || !'loaded2){
exit(0);

}

// user input to determine if we log or not

printVerbose("Log?(y/n): ");

char log[10];

cin >> log;

if ( strcmp(log, "y")==0 || strcmp(log,"Y")==0 ){
logFlag = true;

}

// create the two threads
pthread_t threadl, thread2;
int threadvall, threadval2;

threadvall = pthread_create(&threadl, NULL, displayThread, NULL);
threadval2 = pthread_create(&thread2, NULL, ioThread, NULL);

// wait for the threads to end
pthread_join( threadl, NULL);
pthread_join( thread2, NULL);

// Release the capture device housekeeping
delete colorTracker;

cerr << "finished main()" << endl;
return(1);

This section contains code for the input-output thread that
communicates through standard io */

This function ignores its input, but it uses three

global variables, which need to be locked before using:
globStop: a boolean, that may be set to true by either thread
capture: the camera capture device

frame: the current picture taken by the camera */

void* ioThread( void *ptr) {

char wholeName[100];

char folder[80] = "/home/macalester/Desktop/Capture/pictures/";
char filenm[20] = "f000000.jpg";

bool stop;

//LOCK:
pthread_mutex_lock( &stopLock );
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stop = globStop;
pthread_mutex_unlock( &stopLock );
//UNLOCK:

while( !stop ) {
char userInput;
if (cin.peek() != EOF){
cin >> userlInput;
// q to quit
if (userInput == ’q’ || userInput == ’Q’ || userInput == EOF) {
//LOCK:
pthread_mutex_lock( &stopLock );
globStop = true;
pthread_mutex_unlock( &stopLock );

//UNLOCK :
}
// p to take a picture
else if (userInput == ’p’ || userInput == ’P’) {
updateSaveName (filenm, folder, wholeName);
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
int retVal = cvSaveImage(
wholeName,
colorTracker->getCurFrame ()
)5
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
if ('retVal) {
cerr << "Could not save: " << wholeName << endl;
cout << "NOFILE" << endl;
}
else {
cout << wholeName << endl;
}
}
// £ to get the object info
else if (userInput == ’f’ || userInput == ’F’) {
string info;
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->getObjectInfo( &info );
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
cout << info << endl;
}
// v to get the object vector
else if (userInput == ’v’ || userInput == ’V’) {
string info;
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->getObjectVector( &info );
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
cout << info << endl;
}

// x to reset both object windows
else if (userInput == ’x’ || userInput == ’X’) {
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//LOCK:
pthread_mutex_lock( &colorTrackerLock );
//need code to find object
colorTracker->resetWindow (0BJECT_BOTH) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
printVerbose("finding both");

}

// 1 to reset the 1st object window

else if (userInput == ’1°){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->resetWindow (0BJECT_FIRST) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
printVerbose("finding 1st(red)");

}

//2 to reset the 2nd object window

else if (userInput == ’2°){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->resetWindow (0BJECT_SECOND) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
printVerbose("finding 2nd(blue)");

}

// + to increase the threshold on the first backproject

else if (userInput == ’+°){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->incBackProjectThresh (OBJECT_FIRST) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK:

}

// - to decrease the threshold on the first backproject

else if (userInput == ’-’){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->decBackProjectThresh (OBJECT_FIRST) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :

}

// m to increase the threshold on the second backproject

else if (userInput == ’m’ || userInput == ’M’){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->incBackProjectThresh (0BJECT_SECOND) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK:

}

// 1 to increase the threshold on the second backproject

else if (userInput == ’1’ || userInput == ’L’){
//LOCK:

pthread_mutex_lock( &colorTrackerLock );
colorTracker->decBackProjectThresh (0BJECT_SECOND) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
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}
// b to toggle between displaying backprojects or original image
else if (userInput == ’b’ || userInput == ’B’ ){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->toggleBackProjectMode() ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
}

// n to update frame in colorTracker,

// only valid if getting frames from files.

else if (picSource == SRC_FILES &&

(userInput == ’n’ || userInput == °N’)) {

//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->updateFrame() ;
colorTracker->resetPoseAverage() ;
pthread_mutex_unlock( &colorTrackerLock );

//UNLOCK:

}

else {
cerr << "Input was: " << userInput << endl;
cout << "Valid commands are:" << endl;
cout << "\tgq to quit" << endl;
cout << "\tp to take a picture and save to a file" << endl;
cout << "\tf to find current object’s location" << endl;
cout << "\tx to attempt to refind both objects" << endl;
cout << "\tl to attempt to refind first(red) object"
<< endl;
cout << "\t2 to attempt to refind second(blue) object"
<< endl;
cout << "\t+ to raise threshold of first(red) object"
<< endl;
cout << "\t-  to raise threshold of first(red) object"
<< endl;
cout << "\tm to raise threshold of second(blue) object"
<< endl;
cout << "\tl to lower threshold of second(blue) object"
<< endl;
cout << "\tb to toggle between backProjects" << endl;
if (picSource == SRC_FILES){

cout << "\tn to load next frame from files" << endl;

}

}

}
//LOCK:

pthread_mutex_lock( &stopLock );
stop = globStop;
pthread_mutex_unlock( &stopLock );
//UNLOCK :

} // end while

//LOCK:
pthread_mutex_lock( &stopLock );
globStop = true;
pthread_mutex_unlock( &stopLock );
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//UNLOCK :

cerr << "shutdown I0" << endl;
return ptr;
} // end function

//
/* decides what to name the file for the saving picture
* Takes in strings fileName , folder, and wholepath.
* counts how many files are in the folder and changes the filename
* accordingly, then puts ’folder/filename’ into wholepath.
*/
void updateSaveName(char *fileName, char* folder, char* wholepath) {
DIR *pdir;
struct dirent *pent;
int count = 0;
pdir = opendir(folder);
if (!pdir) {
cerr << "opendir failed for pictures\n" << endl;
return;

}
do{

pent = readdir(pdir);

if (pent)

count++;

}while (pent);
// we decrement2 so we don’t count the files . and .. in our count
count -= 2;
closedir(pdir);

int h, t, r;

if (count < 1000) {
h = count / 100;

count % 100;

r / 10;

r % 10;

r
t
r
fileName[4] = ’0’ + h;

fileName[5] = ’0’ + t;
fileName[6] = ’0’ + r;

}

else {
fileName[4] = ’X’;
fileName[5] = ’X’;
fileName[6] = ’X’;

}

strcpy(wholepath, folder);
strcat (wholepath, fileName) ;
}

/*
* Printer function that only prints to stdout if set to verbose(-v)
*/

void printVerbose(const string str){

if (verbose) {
cout << str << endl;
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/%
* This section contains code for the display thread that shows a live
* image in a window on the screen. Also handles communication with the
* color tracking object.

*/

//

void* displayThread( void *ptr) {

bool stop;

//Iplimage* edgeDetectImg = NULL;
IplImage* colorTrackedImg = NULL;
//IplImage* newFrame = NULL;
CvVideoWriter* videoWriter = NULL;
char aviFileName[80];

IplImage* frame;

IplImage* frameCopy;

// Create a window in which the captured images will be presented
cvNamedWindow( "RoboCam", 1 );
// determine name of avi file if we are logging
if (logFlag)
{
// decide what to Name the avi file for the recording
DIR *pdir;
struct dirent *pent;
int count = 0;
pdir = opendir("/home/macalester/Desktop/Capture/captured");

if (!pdir) {
cerr << "opendir failed\n" << endl;
return(0) ;

}

pent = readdir(pdir);
while (pent) {
count++;
pent = readdir(pdir);
}
// we decrement 2 so we don’t count the files . and ..
count -= 2;
closedir(pdir);
sprintf (
aviFileName,
"/home/macalester/Desktop/Capture/captured/capture’d.mpg",
count
)s
printVerbose (aviFileName) ;
}
if (useMouseSelection){
cvSetMouseCallback( "RoboCam", onMouse, 0 );
}
//LOCK:
pthread_mutex_lock( &stopLock );
stop = globStop;
//UNLOCK :
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pthread_mutex_unlock( &stopLock );
//setupHough() ;
// Show the image captured from the camera in the window and repeat
while( !stop ) {
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
if (picSource==SRC_CAMERA){
colorTracker->updateFrame() ;
colorTracker->resetPoseAverage() ;

}
frame = colorTracker->getCurFrame();
pthread_mutex_unlock( &colorTrackerLock );

//UNLOCK :

if( !'frame ) {
cerr << "ERROR: frame is null..." << endl;
break;

}

if (! frameCopy) {

frameCopy = cvCreateImage( cvGetSize(frame), 8, 3 );
}
if (luseMouseSelection){

trackObject = 1;

}
if (logFlag){
if (!videoWriter) {
videoWriter = cvCreateVideoWriter(
aviFileName,
CV_FOURCC(’M’, ’P’, ’4’, ’27),
30,
cvSize (frame->width,
frame->height)
);
}
}

if ( trackObject ){

if ( trackObject < 0 ){
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
colorTracker->loadHistFromMouse (selection);
colorTracker->showHistImage (OBJECT_FIRST) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
trackObject = 1;

}

//call color track
//LOCK:
pthread_mutex_lock( &colorTrackerLock ) ;
colorTrackedImg = colorTracker->colorTrack();
colorTracker->estimatePose(colorTrackedImg) ;
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK :
//edgeDetectImg = edgeDetect(frame);

//cv0r (newFrame, colorTrackedImg, edgeDetectImg);

else{
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colorTrackedImg = frame;

if ( selectObject && selection.width > O && selection.height > 0 )

{
cvCopy (frame, frameCopy, O0);
colorTrackedImg = frameCopy;
cvSetImageROI( colorTrackedImg, selection );
cvXorS( colorTrackedImg, cvScalarAl1(255), colorTrackedImg, O );
cvResetImageROI( colorTrackedImg ) ;
}
if (logFlag){
cvWriteFrame( videoWriter,colorTrackedImg) ;
}

cvShowImage( "RoboCam", colorTrackedImg ) ;

// The following looks for key-presses in the window displaying
// the image

char ¢ = cvWaitKey(10);

if (¢ == 27 || ¢ ==q || ¢ == Q) {
cout << c <<endl;
break;

}

if(c == ’w’ || c == *W){

pthread_mutex_lock( &colorTrackerLock );
colorTracker->incFocalLength(5);
pthread_mutex_unlock( &colorTrackerLock );
}
if(c == ’s’ || ¢ == ’8?){
pthread_mutex_lock( &colorTrackerLock );
colorTracker->decFocalLength(5) ;
pthread_mutex_unlock( &colorTrackerLock );
}
//LOCK:
pthread_mutex_lock( &stopLock );
stop = globStop;
pthread_mutex_unlock( &stopLock );
//UNLOCK :
} // end while
cvReleaseImage (&frameCopy) ;
//LOCK:
pthread_mutex_lock( &stopLock );
globStop = true;
pthread_mutex_unlock( &stopLock );
//UNLOCK :
cleanupHough() ;
if (logFlag)
cvReleaseVideoWriter( &videoWriter );
cvDestroyWindow ("RoboCam") ;
cerr << "shutdown display" << endl;
return ptr;
} // end function

//
/* onMouse: a call-back for mouse events in the main window, it
* looks for the user to select a rectangular region, and then
* uses that as the target colors for the CAMSHIFT algorithm,



74 A SOURCE CODE FOR THE CAPTURE PROGRAM

* and as the starting window for the target object.

*/

void onMouse( int event, int x, int y, int flags, void* param )

{
//LOCK:
pthread_mutex_lock( &colorTrackerLock );
IplImage* frame = colorTracker->getCurFrame();
pthread_mutex_unlock( &colorTrackerLock );
//UNLOCK:

/* if( !image )selection
return;

*/

if ( imageOrigin )
y = frame->height - y;

if ( selectObject )

{
selection.x = MIN(x,origin.x);
selection.y = MIN(y,origin.y);
selection.width = selection.x + CV_IABS(x - origin.x);
selection.height = selection.y + CV_IABS(y - origin.y);
selection.x = MAX( selection.x, 0 );
selection.y = MAX( selection.y, 0 );
selection.width = MIN( selection.width, frame->width );
selection.height = MIN( selection.height, frame->height );
selection.width -= selection.x;
selection.height -= selection.y;

}

~

switch( event
{
case CV_EVENT_LBUTTONDOWN:
origin = cvPoint(x,y);
selection = cvRect(x,y,0,0);
selectObject = 1;
trackObject = 0;
break;
case CV_EVENT_LBUTTONUP:
selectObject = 0;
if ( selection.width > O &% selection.height > 0 )
trackObject = -1;
break;

//
/* Helper to compute whether a given angle is between two boundaries
* The input angles are given in degrees
*/
bool betweenAngles(float theta, float lowBound, float highBound) {
return (theta > lowBound && theta < highBound);

}

//
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void setupHough() {
importantLines = new CvPoint*[lineTotall;
for (int i = 0; i < lineTotal; i++) {
importantLines[i] = new CvPoint[2];

}

//
void cleanupHough() {
for (int i = 0; i < lineTotal; i++) {
delete importantLines[i];

}

delete importantLines;

B Source Code for the ColorTracker Class

ColorTracker

ColorTracker.h

/******************************************************************************\

* ColorTracker.h *
* Color-based tracking using CAMSHIFT algorithm, modified *
* from the camshiftdemo.c that came with opencv *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

\******************************************************************************/

#include <cv.h>
#include <highgui.h>
#include <vector>
#include <iostream>
#include <sstream>
#include <fstream>

#define OBJECT_FIRST 1
#define OBJECT_SECOND 2
#define OBJECT_BOTH 3

using namespace std;

extern void printVerbose(const string str);
#ifndef COLORTRACKER_H_

#define COLORTRACKER_H_

class ColorTracker{

protected:

IplImage *frame;
virtual void setupQueryFrame();
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void setupColorTrack();
void setupPosit(double _focalLength);

private:
CvConnectedComp trackComp, trackComp2;
CvRect trackWindow, trackWindow2, selection;
CvBox2D trackBox, trackBox2;
IplImage *hsv, *hue, *mask;
IplImage *backProject, *histImg, *backProject2, *histImg2;
CvHistogram *hist, *hist2;
int hDims;
float hrangesArr([2];
float* hranges;
int vmin, vmax, smin;
int backProjectThreshl, backProjectThresh2;
bool trackTwoObj;
int lostObjectFlag; // **shared** when it’s lost the object
int backProjectMode; // **shared** if we want to see backProject
IplImage* image;
float sum[3];
int total;

CvPOSITObject *positObject;

std: :vector<CvPoint3D32f> objectPoints;
CvMatr32f rotationMatrix;

CvVect32f translationVector;
CvTermCriteria terminationCriteria;
double focalLength;

int needResetWindow();

bool needSplitWindow(IplImage *thisBackProject,
CvBox2D thisTrackBox,
CvRect thisTrackWindow,
int minProbThresh);

//
// splitTrackWindow tries to split the track window in two either
// vertically or horizontally and keeps the one with the larger area
void splitTrackWindow(CvRect* trackWindow,

CvBox2D* trackBox,

IplImage* backProject );

//

// hsv2rgb takes a floating point value that represents the hue

// part of a pixel, and converts it to its rgp equivalent, with some
// fixed saturation and brightness

// taken straight from opencv camshiftdemo code

CvScalar hsv2rgb( float hue );

//
/* trackSecondObject, when called, blackens out first object found
* and then finds a second object to be tracked

*/
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void trackSecondObject(IplImage* image);

public:
ColorTracker();
virtual ~ColorTracker();

//
/* loadHist takes a fileName of a .csv file containing rgb values for
* a object to be tracked. x is 1 or 2 corresponding to first or second
* object. it then converts this data into a histogram that can be
* used by openCV. x can be either OBJECT_FIRST or OBJECT_SECOND to
* to determine which object this histogram will correspond to.
*/

bool loadHist(char* fileName, int x = OBJECT_FIRST);

void loadHistFromMouse(CvRect selection);

void showHistImage(int object);

void getObjectInfo(string* retVal);

void trackTwoObjects(bool x);

void resetWindow(int lostObject);

virtual void updateFrame() ;

IplImage* getCurFrame();

void incBackProjectThresh(int object);

void decBackProjectThresh(int object);

void estimatePose(IplImage* frame);

void getObjectVector( string* retPtr );

void incFocalLength(int x);

void decFocalLength(int x);

void resetPoseAverage();

//
// colorTrack takes an image and performs the CamShift algorithm on
// it. NOTE that it depends on global variables hist and trackWindow
// (among others) retaining their values from one call to the next...
IplImage* colorTrack();

void toggleBackProjectMode() ;

};

#endif /* COLORTRACKER_H_ */

ColorTracker.cpp

/******************************************************************************\

* ColorTracker.cpp *
* Color-based tracking object that uses the CAMSHIFT algorithm *
* Also Implements Pose estimation using POSIT algorithm *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

N\ skesk sk s sk sk ok sk ok sk sk ok sk ok sk ok s ok ok sk ok sk ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk ok ok sk sk ok sk ok sk ok ok sk sk ok sk sk sk sk ok sk ok ok sk sk sk sk ok sk ok ok sk sk ok sk ok ok ok /

#include "ColorTracker.h"

//
// Constructor that simply assigns initial values to the global variables
ColorTracker: :ColorTracker () {

hDims = 32;
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hrangesArr[0] = 0;
hrangesArr[1] 180;

hranges = hrangesArr;

vmin = 230;

vmax = 256;

smin = 30;

backProjectThreshl 100;

backProjectThresh2 = 100;

trackTwoObj = false;

lostObjectFlag = 3; // when it’s lost the object
backProjectMode = 0; // if we want to see backProject

}
//
// requires a valid frame to run thus must call updateFrame to ensure this
// is used to set up global variables that will be needed for colortracking.
void ColorTracker: :setupColorTrack() {

updateFrame () ;

histImg = cvCreateImage( cvSize(320,200), 8, 3 );

histImg2 = cvCreatelImage( cvSize(320,200), 8, 3 );

hist = cvCreateHist(1, &hDims, CV_HIST_ARRAY, &hranges, 1);

hist2 = cvCreateHist(1, &hDims, CV_HIST_ARRAY, &hranges, 1);

hsv = cvCreateImage( cvGetSize(frame), 8, 3 );

hue = cvCreateImage( cvGetSize(frame), 8, 1 );

mask = cvCreateImage( cvGetSize(frame), 8, 1 );

image = cvCreatelImage(cvGetSize(frame), 8, 3);

backProject = cvCreateImage( cvGetSize(frame), 8, 1 );

backProject2 = cvCreateImage( cvGetSize(frame), 8, 1 );

}

/*

* deconstructor simply releases several images, histograms\
* and windows possibly held
*/

ColorTracker::~ColorTracker O{
cvReleaseImage( &hsv ) ;
cvReleaseImage( &hue ) ;
cvReleaseImage( &mask );
cvReleaseImage( &backProject );
cvReleaseImage ( &backProject2 );
cvReleaseImage ( &image );
cvReleaseImage( &histImg );
cvReleaseImage ( &histImg2 );
cvReleaseHist ( &hist );
cvReleaseHist ( &hist2 );
cvDestroyWindow( "First Histogram" );
cvDestroyWindow( "Second Histogram" ) ;
cvReleasePOSITObject ( &positObject ) ;

* should be overridden by child class,
* this method should contain the code to load
* the next frame, either from files or from the capture object.
*/
void ColorTracker: :updateFrame(){

}
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// simple getter for the current frame
IplImage* ColorTracker::getCurFrame(){
return frame;

}

// should be overriddern by child class, this method should contain the code to
// setup the objects needed to obtain frames, i.e. capture object
void ColorTracker::setupQueryFrame (){

}

/*
* sets the value of retPtr to a string that is the location of the tracked
* objects, if only one object is being tracked returns zeros for data on
* second object
*/
void ColorTracker::getObjectInfo(string* retPtr){
stringstream ss (stringstream::in | stringstream::out);

ss << trackBox.center.x << "oy
ss << trackBox.center.y << "oy
ss << trackBox.size.width << "oy
ss << trackBox.size.height << "y
ss << trackBox.angle << "oy
ss << frame->width << "oy
ss << frame->height << "oy
ss << trackBox2.center.x << mony
ss << trackBox2.center.y << Moy
ss << trackBox2.size.width << "oy
ss << trackBox2.size.height << " ";
ss << trackBox2.angle;
retPtr->assign( ss.str() );

¥

//

/* loadHist takes a fileName of a .csv file containing rgb values for
* an object to be tracked. x is OBJECT_FIRST or OBJECT_SECOND corresponding
* to first or second objects. it then converts this data into a histogram that
* can be used by openCV.
*/
bool ColorTracker::loadHist(char* fileName, int obj){
ifstream csvFile;
int r, g, b; //rgb values
char comma; // useless holder for commas between r,g,b values
int cnt = O;
IplImage *colorDataHsv, *colorDataHue, *colorDataMask, *colorData;

// need try-catch IOExceptions, if fail then return false
// try catch not working

// count the number of data lines

csvFile.open(fileName) ;

csvFile >> vmin; // first line of csv file should be the vmin

while (!csvFile.eof()) { // count how many sets of rgb values their are
csvFile >> r >> comma >> g >> comma >> b; //r,g,b
cnt++;

}

csvFile.close();
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// create image that is one pixel high and "cnt" pixels wide
colorData = cvCreateImage(cvSize(cnt, 1), 8, 3);

// take each data line and convert it to a pixel in colorData
csvFile.open(fileName) ;
csvFile >> vmin;
for (int i = 0; i < cnt; i++) {
csvFile >> r >> comma >> g >> comma >> b;
//cout << i << " M KK r K"K g <" " b << endl;
cvSet2D(colorData, 0, i, cvScalar(b, g, r, 0));
}

csvFile.close();

//prepare to create histogram

float maxVal = 0.f;

colorDataHsv = cvCreateImage( cvGetSize(colorData), 8, 3 );

colorDataHue = cvCreateImage( cvGetSize(colorData), 8, 1 );

colorDataMask = cvCreateImage( cvGetSize(colorData), 8, 1 );

cvCvtColor( colorData, colorDataHsv, CV_BGR2HSV );
cvInRangeS( colorDataHsv, cvScalar(0,smin,MIN(vmin,vmax),0),

cvScalar (180,256 ,MAX (vmin,vmax),0), colorDataMask );
cvSplit( colorDataHsv, colorDataHue, 0, O, O );

//create histogram and assign it to hist or hist2 depending of value of obj
if (obj == OBJECT_FIRST){
cvCalcHist( &colorDataHue, hist, O, colorDataMask );
cvGetMinMaxHistValue( hist, 0, &maxVal, 0, O );
cvConvertScale(
hist->bins,
hist->bins,
(maxVal ? 255. / maxVal : 0.),
0
);
}else if(obj == OBJECT_SECOND){
cvCalcHist( &colorDataHue, hist2, 0, colorDataMask );
cvGetMinMaxHistValue( hist2, 0, &maxVal, O, O );
cvConvertScale(
hist2->bins,
hist2->bins,
(maxVal ? 255. / maxVal : 0.),
0
)
}

//release images used it the process
cvReleaseImage (&colorDataHsv) ;
cvReleaseImage (&colorDataHue) ;
cvReleaseImage (&colorDataMask) ;
cvReleaseImage (&colorData) ;

return true; // we return true in the hope that someday we will have
// mastered the use of try-catch statements in C++ and instead
// return false if IOExceptions are caught.

}

// this method is used to load the histogram from a mouse selection rather
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// than a csv file
void ColorTracker: :loadHistFromMouse (CvRect selection){
cvCvtColor( frame, hsv, CV_BGR2HSV );
cvInRangeS( hsv, cvScalar(0,smin,MIN(vmin,vmax),0),
cvScalar(180,256,MAX(vmin,vmax),0), mask );
cvSplit( hsv, hue, 0, 0, 0 );
float maxVal = 0.f;

cvSetImageROI( hue, selection );
cvSetImageROI( mask, selection );
cvCalcHist( &hue, hist, 0, mask );
cvGetMinMaxHistValue( hist, 0, &maxVal, 0, O );
cvConvertScale(

hist->bins,

hist->bins,

(maxVal ? 255. / maxVal : 0.),

0
);
cvResetImageROI( hue );
cvResetImageROI( mask );
trackWindow = selection;

}

// simple setter for the trackTwoObjects flag, which determines if we are
void ColorTracker::trackTwoObjects(bool x){

trackTwoObj = x;
}

// this method resets one or both of the trackwindows to the size of
// the entire window depending of the value of lostObject.
void ColorTracker::resetWindow(int lostObject){
if (!lostObject){
return;
}
if (lostObject == OBJECT_FIRST || lostObject
trackWindow.x = 0;
trackWindow.y = 0;
trackWindow.width = frame->width;
trackWindow.height = frame->height;

OBJECT_BOTH) {

}

if (lostObject == OBJECT_SECOND || lostObject
trackWindow2.x = 0O;
trackWindow2.y = 0;
trackWindow2.width = frame->width;
trackWindow2.height = frame->height;

OBJECT_BOTH) {

// colorTrack takes an image and performs the CamShift algorithm on
// it. NOTE that it depends on global variables hist and trackWindow
// (among others) retaining their values from one call to the next...
// if trackTwoObjects then colorTrack will make a call to trackSecondObject()
IplImage* ColorTracker::colorTrack() {
//make a copy of the frame that is in hsv mode
image->origin = frame->origin;
cvCopy(frame, image, 0);
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cvCvtColor( image, hsv, CV_BGR2HSV );

// calculate mask based on smin, vmin, and vmax

cvInRangeS( hsv, cvScalar(0,smin,MIN(vmin,vmax),0),
cvScalar(180,256,MAX (vmin,vmax),0), mask );

cvSplit( hsv, hue, 0, 0, 0 );

// calculate the backproject based on hue and hist

cvCalcBackProject( &hue, backProject, hist );

cvAnd( backProject, mask, backProject, 0 );

// help eliminate some noise by setting a thresh on backProject
cvThreshold(backProject, backProject,
backProjectThreshl, 255, CV_THRESH_TOZERO) ;

// run the camshift
cvCamShift (
backProject,
trackWindow,
cvTermCriteria(
CV_TERMCRIT_EPS | CV_TERMCRIT_ITER,
10,
1
),
&trackComp,
&trackBox
);

trackWindow = trackComp.rect;

// see if we need to split the track window of the second object
if ( needSplitWindow(backProject, trackBox, trackWindow, 10) )
{
printVerbose( "Splitting first trackWindow" );
splitTrackWindow(&trackWindow, &trackBox, backProject);
}

//display backProjects if in that mode
if ( backProjectMode == OBJECT_FIRST)

{
cvCvtColor( backProject, image, CV_GRAY2BGR );
}
else if (backProjectMode == OBJECT_SECOND && trackTwoObj)
{
cvCvtColor( backProject2, image, CV_GRAY2BGR );
}

// dont know what this does but got it from camshiftdemo code
if( !image->origin ) {

trackBox.angle = -trackBox.angle;

trackBox2.angle = -trackBox2.angle;

}

// if we are tracking two objects, call trackSecondObject
if (trackTwoObj)
{
trackSecondObject (image) ;
}



// now dray the trackWindow and
// trackBox(oval shaped not really a box onto the image)
cvEllipseBox( image, trackBox, CV_RGB(255,0,0), 3, CV_AA, 0 );
cvRectangle (
image,
cvPoint (trackWindow.x,trackWindow.y),
cvPoint (trackWindow.x+trackWindow.width,
trackWindow.y+trackWindow.height),
CV_RGB(255,0,255)
);
// determine if we have lost an object and
// if so reset that objects trackWindow
int x = needResetWindow();
if (x){
resetWindow(x) ;

}

return image;

}

// this method looks to see if either or both of the track objects are too small
// (meaning we have lost that object in the tracking) and returns integer
// corresponding to the result.
int ColorTracker::needResetWindow(){
int x = 0;
if ( trackBox.size.width < 5 || trackBox.size.height < 5){
x = OBJECT_FIRST;
printVerbose ("Reseting FIRST trackWindow...");

}
if (trackTwoObj){
if ( trackBox2.size.width < 5 || trackBox2.size.height < 5){
if (x == OBJECT_FIRST)
x = 0BJECT_BOTH;
else
x = OBJECT_SECOND;
printVerbose ("Reseting SECOND trackWindow...");
}
}
return x;

}

// this method creates a window to show the
// histogram of the first, second or both objects
void ColorTracker::showHistImage (int object){
if (object == OBJECT_BOTH){
showHistImage (OBJECT_FIRST) ;
showHistImage (OBJECT_SECOND) ;

Yelse{
IplImage* histImage;
CvHistogram* histogram;
char windowName[25];
int yVal;

if (object == OBJECT_FIRST){
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strcpy(windowName, "First Histogram") ;
yVal = 1;
histImage = histImg;
histogram = hist;
}
else if (object == OBJECT_SECOND){
strcpy (windowName, "Second Histogram");
yVal = 255;
histImage = histImg2;
histogram = hist2;

}

cvNamedWindow( windowName, 1 );

cvMoveWindow( windowName, 650, yVal);

// Initialize the histogram image

cvZero( histImage );

// Set the displayed width each bin of the histogram has

int binWidth = histImage->width / hDims;

// Add rectangles to the histimg that reflect the size of the bins
// and the average color for each bin

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

{
int val = cvRound(
cvGetRealiD (histogram->bins,i) * histImage->height/255
)3
CvScalar color = hsv2rgb(i * (180.f / hDims));
cvRectangle( histImage,
cvPoint (i * binWidth, histImage->height),
cvPoint ((i + 1) * binWidth, histImage->height - val),
color, CV_FILLED, 8, 0 );
}

//show the histImage
cvShowImage( windowName, histImage );

}

// this method is used to increment the
// backproject thresholds from outside the class.
void ColorTracker::incBackProjectThresh(int object){
if (object == OBJECT_FIRST || object == OBJECT_BOTH){
backProjectThreshl += 5;
backProjectThreshl = ( backProjectThreshl > 255) 7 255
: backProjectThreshi;

cout<< "threshl: " << backProjectThreshl << endl;
}
if (object == OBJECT_SECOND || object == OBJECT_BOTH){
backProjectThresh2 += 5;
backProjectThresh2 = ( backProjectThresh2 > 255) 7 255
: backProjectThresh2;
cout<< "thresh2: " << backProjectThresh2 << endl;

}

// this method is used to decrement the
// backproject thresholds from outside the class.
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void ColorTracker::decBackProjectThresh(int object){
if (object == OBJECT_FIRST || object == OBJECT_BOTH){
backProjectThreshl -= 5;
backProjectThreshl = ( backProjectThreshl < 0) 7 0
: backProjectThreshl;

cout<< "threshl: " << backProjectThreshl << endl;

}

if (object == OBJECT_SECOND || object == OBJECT_BOTH){
backProjectThresh2 -= 5;
backProjectThresh2 = ( backProjectThresh2 < 0) 7 0
: backProjectThresh2;

cout<< "thresh2: " << backProjectThresh2 << endl;

/7

/* trackSecondObject, when called, blackens out first object found
* and then finds a second object to be tracked

*/

void ColorTracker::trackSecondObject (IplImage* image) {
//this next part if we are tracking different histogram
cvCalcBackProject( &hue, backProject2, hist2 );
cvAnd( backProject2, mask, backProject2, 0 );
cvThreshold(

)

backProject2,
backProject2,
backProjectThresh2,
255,
CV_THRESH_TOZERO

// Show the backProject pixels in orange
//cvSet (image, cvScalar(0, 255, 255, 0), backProject2);

// now black out the track boxl and try to track another object

// find coordinates of top left and bottom right

// points of a rectangle to black out but

// make it slightly bigger than the first trackWindow to avoid error
float tmpX1l =
float tmpY1l =
float tmpX2 =
float tmpY2 =

// test if we

tmpX1 =
tmpY1
tmpX2
tmpY2 =

(tmpX1
(tmpY1
(tmpX2
(tmpY2

trackWindow.x - trackWindow.width / 2;
trackWindow.y - trackWindow.height / 2;
trackWindow.x + 1.5 * trackWindow.width;
trackWindow.y + 1.5 * trackWindow.height;

have gone out of bounds of the image and correct if so
<0) 70 : tmpXi;
< 0) 70 : tmpYil;
> frame->width) ? frame->width : tmpX2;
> frame->height) 7 frame->height : tmpY2;

// black out the area on the second objects backproject
cvRectangle (

backProject2,
cvPoint (tmpX1,tmpY1),
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cvPoint (tmpX2,tmpY2),
cvScalar(0,0,0,0),
CV_FILLED
)5
//run cam shift for this second object
cvCamShift(
backProject2,
trackWindow2,
cvTermCriteria( CV_TERMCRIT_EPS | CV_TERMCRIT_ITER,
10,
1
),
&trackComp2,
&trackBox2
)5

trackWindow2 = trackComp2.rect;

// see if we need to split the track window of the second object

if ( needSplitWindow(backProject2, trackBox2, trackWindow2, 10) ) {
printVerbose( "Probability fits on second box " );
splitTrackWindow (&trackWindow2, &trackBox2, backProject2);

}

// draw the trackWindow and trackBox onto the image
cvEllipseBox( image, trackBox2, CV_RGB(0,0,255), 3, CV_AA, 0 );
cvRectangle (
image,
cvPoint (trackWindow2.x,trackWindow2.y),
cvPoint (trackWindow2.x+trackWindow2.width,
trackWindow2.y+trackWindow2.height),
CV_RGB(255,0,255)
);

/* Compute the average probability for a 5x5 region around
* the center of the trackWindow, to see if the center is
* not on a matching color. If it is not on a matching
* color, then the track window might be streched around two different
* objects *x/
bool ColorTracker::needSplitWindow(IplImage *thisBackProject,
CvBox2D thisTrackBox,
CvRect thisTrackWindow,
int minProbThresh) {
int cnt = 0;
double prob = 0;
float yPos, xPos;
float centerX = thisTrackBox.center.x;
float centerY = thisTrackBox.center.y;
// float height = thisTrackBox.size.height;
// float width = thisTrackBox.size.width;
// float dW=0;
// float dH=0;

//
// // this following conditional is to determine the test region depending
// // on the orientation of the window

// if (height < width){
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// dw = 2;

// dH = (int) (height)/2;;
// Yelse if (height >= width){
// dW = (int) (width)/2;;

// dH = 2;

// }

// nested for loops to calulate avg prob at center of trackBox
for (int dx = -2; dx < 3; dx++) {
for (int dy = -2; dy < 3; dy++) {
yPos = centerY + dy;
xPos = centerX + dx;
if ( yPos >= 0
&& yPos < frame->height
&& xPos >= 0
&& xPos < frame->width ) {
prob = prob + cvGetReal2D(thisBackProject,
centerY + dy,
centerX + dx);
cnt++;

}
prob = prob / cnt;

// if center pixel is not the probability we want...
if (prob < minProbThresh &&

(thisTrackBox.size.width >= 5 || thisTrackBox.size.height >= 5)
)
{
return true;
}
else{
return false;
}
¥
//

// splitTrackWindow tries to split the track window in two either
// vertically or horizontally and keeps the one with the larger area
void ColorTracker::splitTrackWindow(CvRect* trackWindow,
CvBox2D* trackBox,
IplImage* backProject ) {
float angle = trackBox->angle;
CvRect trackAi;
CvRect trackB;
CvBox2D trackBoxA, trackBoxB;
CvConnectedComp trackCompA, trackCompB;
char aString[6];
char bStringl[6];

trackA.x = trackWindow->x;
trackA.y = trackWindow->y;

if (abs((int)angle) < 45) { // trackBox is more or less horizontal
printVerbose( "Splitting horizontal track window");
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strcpy(aString, "left");

strcpy (bString, "right");

trackA.width = max(1, trackWindow->width / 2);
trackA.height = trackWindow->height;

trackB.x = trackWindow->x + (trackWindow->width / 2);
trackB.y = trackWindow->y;

trackB.width = max(1, trackWindow->width / 2);
trackB.height = trackWindow->height;

}
else {
printVerbose( "Splitting vertical track window");
strcpy(aString, "upper");
strcpy(bString, "lower");
trackA.width = trackWindow->width ;
trackA.height = max(1,trackWindow->height / 2);
trackB.x = trackWindow->x;
trackB.y = trackWindow->y + (trackWindow->height / 2);
trackB.width = trackWindow->width;
trackB.height = max(1, trackWindow->height / 2);
}
cvCamShift (
backProject,
trackA,
cvTermCriteria(
CV_TERMCRIT_EPS | CV_TERMCRIT_ITER,
10,
1
),
&trackCompA,
&trackBoxA
)5
trackA = trackCompA.rect;
cvCamShift (
backProject,
trackB,
cvTermCriteria(
CV_TERMCRIT_EPS | CV_TERMCRIT_ITER,
10,
1
),
&trackCompB,
&trackBoxB
)5

trackB = trackCompB.rect;

/* pick the larger trackBox and set trackWindow to be
the corresponding window*/
float areaA = trackA.width * trackA.height;
float areaB = trackB.width * trackB.height;
// print out which half was kept:
if (areaA == areaB) {
printVerbose ("SAME AREAS");
}
char tmp1[30] = " Keeping ";
char tmp2[10] = " window";



if (areaA > areaB) {
strcat (tmpl,aString);
strcat (tmpl,tmp2) ;
printVerbose (tmpl) ;
*trackWindow = trackA;
*trackBox = trackBoxA;

}
else {
strcat (tmpl,bString) ;
strcat (tmpl,tmp2) ;
printVerbose (tmpl) ;
*trackWindow = trackB;
*trackBox = trackBoxB;
}
}
//

/* hsv2rgb takes a floating point value that represents the hue
* part of a pixel, and converts it to its rgp equivalent, with some
* fixed saturation and brightness

*/

CvScalar ColorTracker::hsv2rgb( float hue )

{
int rgb[3], p, sector;
static const int sectorDatal][3]=
{{0,2,1}, {1,2,0}, {1,0,2}, {2,0,1}, {2,1,0}, {0,1,2}};
hue *= 0.033333333333333333333333333333333f;
sector = cvFloor(hue);
p = cvRound(255%*(hue - sector));
p "= sector & 1 7 255 : 0O;
rgb[sectorDatalsector] [0]] = 255;
rgb[sectorData[sector] [1]] = 0;
rgb[sectorDatal[sector] [2]] = p;
return cvScalar(rgb[2], rgb[1], rgb[0],0);

}

/* used to toggle the backProjectMode which is used to determine whether to
* display the backproject or hide it.
* Because OBJECT_FIRST and OBJECT_SECOND are defined to 1 and 2 respectively
* using modulo arithmetic works nicely.
*/
void ColorTracker::toggleBackProjectMode (){
int modulo;

if (trackTwoObj){
modulo = 3;

}

elseq{

modulo = 2;
}
backProjectMode = (backProjectMode + 1) % modulo;
}

void ColorTracker::setupPosit(double _focalLength){
objectPoints.push_back( cvPoint3D32f( 0.0f, 0.0f, 0.0f ) );
objectPoints.push_back( cvPoint3D32f( 0.0f, 11.5f, 3.75f ) )
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objectPoints.push_back( cvPoint3D32f( -7.5f, -11.5f, 3.75f ) );
objectPoints.push_back( cvPoint3D32f( 7.5f, -11.5f, 3.75f ) )
objectPoints.push_back( cvPoint3D32f( -7.5f, 11.5f, -3.75f ) );

positObject = cvCreatePOSITObject(
ZobjectPoints[0],
static_cast<int>(objectPoints.size()) );

rotationMatrix = new float[9];

translationVector = new float[3];

terminationCriteria = cvTermCriteria(
CV_TERMCRIT_EPS | CV_TERMCRIT_ITER,
100,
1.0e-4f

)s

focalLength = _focalLength;

sum[0] = 0.0f;

sum[1] = 0.0f;

sum[2] 0.0f;

total = 0.0;

}
void ColorTracker::resetPoseAverage(){
sum[0] = 0.0f;
sum[1] = 0.0f;
sum[2] 0.0f;
total = 0.0;

}

void ColorTracker::estimatePose(IplImage* image){
float centreX = 0.5 * image->width;
float centreY = 0.5 * image->height;
float trackWinTransX = trackWindow.x - centreX;
float trackWinTransY = centreY - trackWindow.y;
float objWidth = trackWindow.width;
float objHeight = trackWindow.height;

std::vector<CvPoint2D32f> imagePoints;

imagePoints.push_back(cvPoint2D32f (
trackWinTransX + 0.5 * objWidth,
trackWinTransY - 0.5 * objHeight

)5

imagePoints.push_back(cvPoint2D32f (
trackWinTransX + 0.5 * objWidth,

trackWinTransY
)
imagePoints.push_back(cvPoint2D32f (
trackWinTransX,
trackWinTransY - objHeight
));

imagePoints.push_back(cvPoint2D32f (
trackWinTransX + objWidth,
trackWinTransY - objHeight

)5

imagePoints.push_back(cvPoint2D32f (
trackWinTransX,
trackWinTransY
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));

cvPOSIT(
positObject,
&imagePoints[0],
focallength,
terminationCriteria,
rotationMatrix,
translationVector

);

sum[0]+= translationVector[0];
sum[1]+= translationVector[1];
sum[2]+= translationVector[2];

total++;
cvLine( image,
cvPoint (centreX,centreY),
cvPoint (centreX +translationVector[0], // wrong scale: centre is
centreY -translationVector[1]),// in pixels & vector is cm.
cvScalar(255,0,0)
)

}

/* sets the value of retPtr to a string that is the
* vector location of the first tracked object
*/
void ColorTracker::getObjectVector( string* retPtr ){
if (total == 0){
estimatePose(image) ;
}
stringstream ss (stringstream::in | stringstream::out);
ss << sum[0]/total << " ";
ss << sum[1]/total << " ";
ss << sum[2]/total;
retPtr->assign( ss.str() );

}
// the following are for debugging purposes

void ColorTracker::incFocalLength(int x){
focalLength += x;
cerr << "Flen: " << focalLength << endl;

}

void ColorTracker::decFocalLength(int x){
focallLength -=x;
cerr << "Flen: " << focalLength << endl;
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FilesColorTracker

FilesColorTracker.h

[/ ekskok ok sk sk ok sk sk sk ok sk ok ok ok sk sk sk sk ok sk ok ok sk sk sk sk sk ke ok sk sk ok sk sk ok sk sk sk sk sk sk s ok sk sk sk sk sk ok e ks o sk ksl sk ke ksk sk ok \
* FilesColorTracker.h: header for FilesColorTracker.cpp *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

\ sk sk ke ks s ke sk s s ok sk o e ok sk s sk sk ke ok sk s ke ks sk sk ke ok sk sk ok sk sk s ok sk sk e ksl s ok sk sk s ok sk sk sk sk s sk sk ke ok sk s sk sk e ok sk sk ke ksk sk ok ok /

#ifndef FILESCOLORTRACKER_H_
#define FILESCOLORTRACKER_H_

#include "ColorTracker.h"
#define SONY_FOCAL_LENGTH 410.0

class FilesColorTracker: public ColorTracker {

public:
FilesColorTracker();
virtual “FilesColorTracker();
void updateFrame();

private:
char folder[80];
char filename[50];
char wholename[100];
int imgCnt;

void setupQueryFrame();
void updateLoadName(char *name, int num);

};

#endif /* FILESCOLORTRACKER_H_ */

FilesColorTracker.cpp

/%K skoskskok sk ok sk ok sk sk sk sk ok sk ok sk sk ok sk sk sk ok sk ok sk ok sk sk sk ok sk sk sk sk ok sk ok sk sk sk sk sk sk ok ok sk sk ok skok sk ok ok sk ok sk ok sk sk skoskok skok ok sk skokskok ok ok \

* FilesColorTracker.cpp: child of ColorTracker.cpp *
* color tracker object that takes frames from files on Hard Drive *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

\******************************************************************************/

#include "FilesColorTracker.h"
// FilesColorTracker is a child class of ColorTracker

FilesColorTracker: :FilesColorTracker () {
setupQueryFrame() ;
setupColorTrack() ;
setupPosit (SONY_FOCAL_LENGTH) ;
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FilesColorTracker:: “FilesColorTracker() {}

// setup query frame sets the file path and name
void FilesColorTracker: :setupQueryFrame(){

imgCnt = 0;

strcpy(filename, "£000000. jpeg") ;

strcpy(folder, "/home/kparekh/Desktop/RupartPyrobot/camera/PICS/") ;
}

/* update frame gets the next picture file from the folder path
* is coded to simply increment the number in file name and try
* load that file. if files go f000000.jpeg to f0o00002.jpeg this
* will try to load foo0O001.jpeg and will fail.

*/

void FilesColorTracker: :updateFrame(){

updateLoadName (filename, imgCnt++);

strcpy(wholename, folder);

strcat (wholename, filename);

cvReleaseImage (&frame) ;

frame = cvLoadImage( wholename, 1 );

int i;

for(i=0; i < 20 && !frame; i++){
cerr <<"FilesColorTracker.cpp ERROR: no file ";
cerr << filename << " found" <<endl;
updateLoadName (filename, imgCnt++);
strcpy(wholename, folder);
strcat (wholename, filename);
frame = cvLoadImage( wholename, 1 );

}

if ('frame && i == 20){
cerr << "ERROR: 20 bad filenames" << endl;
exit (0);

}

//cerr<<"loaded"<<endl;

}

/* Takes in a filename string and an integer
* and incorporates the integer into the string
* need to find a better way to do this!!
*/
void FilesColorTracker: :updateLoadName(char *name, int num) {
int th, h, t, r;
if (num < 10000) {
th = num / 1000;

r = num % 1000;

h =r / 100;

r =r % 100;

t =1/ 10;

r=r1r % 10;

name[3] = ’0° + th;
name[4] = ’0’ + h;
name[5] = 0’ + t;
name[6] = ’0’ + r;
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name[3] = ’X’;
name[4] = ’X’;
name[5] = ’X’;
name [6] ’X7;

CameraColorTracker

CameraColorTracker.h

/xR skok ok ok skokkok ok ook skok ok kskokokok ok ok ko ok kokoksk ok ok ko ko ok okoksk ok ok ok skokskok ok ook kok ok ook \
* CameraColorTracker.h: header for CameraColorTracker.cpp *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

\ stk ks ok ook stk ook ook stk ok ook stk ok ok stk ok kst ok ok stk ok ket ko ok ok stk ok sk ok ok ook /

#ifndef CAMERACOLORTRACKER_H_
#define CAMERACOLORTRACKER_H_

#include "ColorTracker.h"
#define PHILIPS_FOCAL_LENGTH 1300.0

class CameraColorTracker: public ColorTracker {
public:

CameraColorTracker () ;

virtual ~CameraColorTracker();

void updateFrame() ;
private:

CvCapture *capture;

void setupQueryFrame();

};

#endif /* CAMERACOLORTRACKER_H_ */

CameraColorTracker.cpp

/******************************************************************************\

* CameraColorTracker.cpp: child of ColorTracker.cpp *
* color tracker object that takes frames from a camera video stream *
* Written by Kayton Parekh and Susan Fox in Summer 2009 *

N stk s sk sk ot s ok sk sk sk s sk sk ok s ok sk sk ok sk ok sk ok sk ok sk ok sk sk sk ok sk sk sk ok s ok sk sk sk sk ok skok ok sk sk ok sk sk sk ok ok sk ok sk ok skok skoskok ko ok sk ko skok ko ok /

#include "CameraColorTracker.h"
// CameraColorTracker is a child class of ColorTracker

CameraColorTracker: :CameraColorTracker () {
setupQueryFrame () ;
setupColorTrack() ;



setupPosit (PHILIPS_FOCAL_LENGTH) ;
}

CameraColorTracker: : “CameraColorTracker () {
cvReleaseCapture( &capture );

}

// setup Query Frame creates the capture object to get frames from the camera
void CameraColorTracker: :setupQueryFrame(){
// connect to any available camera
capture = cvCreateCameraCapture( CV_CAP_ANY );
if( !capture ) {
cout << "ERROR: capture is NULL" << endl;
exit (0);
}

// Set resolution on the camera

cvSetCaptureProperty(capture, CV_CAP_PROP_FRAME_WIDTH, 640);

cvSetCaptureProperty(capture, CV_CAP_PROP_FRAME_HEIGHT, 480);
¥

// updateFrame gets the next frame from the capture object
void CameraColorTracker: :updateFrame(){
frame = cvQueryFrame( capture );

}
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