COMPUTER SYSTEMS RESEARCH 
Code Writeup of your program 2009-2010 

1. Your name: Chris Carey, Period: 3

2. Date of this version of your program: Second Quarter 2009

3. Project title: The Implementation of a User-Based Interface 

4. Describe how your program runs as of this version.

* represents modified code

** represents new code

Project Classes:

· Main

· Initializes classes and runs StateManager

· StateManager

· Determines which functions to run based on the state of the program

· VideoGrabber

· Places frame of webcam video feed in a BufferedImage through JMF

· LightLocater

· Locates positions of IR LEDs in the video frame

· LightTracker

· Tracks LEDs based upon LEDs detected from the video frame

· Recognizes gestures based on tracked LEDs’ positions and velocities

· LED

· Object class that represents a detected LED and its previous positions and velocities

· ControllerInterface

· Executes mouse and keyboard commands through java.awt.Robot

· UserInterface

· Displays video feed and location of IR lights

· DataInterface

· Displays data relating to the program – currently a histogram of pixel brightnesses

· ** PhotoApplication

· A simple photo application in which the user can drag, rescale, and rotate photos using both a mouse interface or a glove interface – used for testing and demonstrations

· ** Photo

· A photo object that contains functions for its geometric manipulation

· ** PhotoTask

· A task in which the user must drag, rescale, and/or rotate photos in a certain manner to complete the task – used for comparison data between the mouse and glove interfaces

· ** DataCollector

· Gathers space and time data from both the mouse and glove interfaces and the photo application and exports it to a CSV (Comma-Separated Value) file for analysis

Source Code of Important Functions

* LightLocater – scan()

Given a boundary box, this method uses the floodFill() and getColorBounds() methods to locate a blob, a series of adjacent pixels marked as representing the IR LED.  It checks to see if it is within a certain size and aspect ratio, and then adds it to lights, the array of detected LEDs.  Finally it marks this pixels as processed so that they aren’t checked again.

* Changes include a call to the splitLights() method which identifies two separate LEDs if they are overlapping and forming one single blob

public void scan(int xmin, int xmax, int ymin, int ymax)
{

    for(int x = xmin; x < xmax; x++)
{

        for(int y = ymin; y < ymax; y++)
{

            if(bit_pixels[x][y] == MARKED)
{

                resetSigma();

                floodFill(x, y, MARKED, FLOOD_FILL);

                Rectangle newRect = getColorBounds(FLOOD_FILL);

                if(newRect == null)

                    break;

                int min = Math.min(newRect.width, newRect.height);

                int max = Math.max(newRect.width, newRect.height);

                if(max < min * MAX_DELTA_FACTOR && 

                   min >= MIN_SIZE && max <= MAX_SIZE && light_counter < 6)
{

                    lights[light_counter] = new Point2D.Double(

                                                  (double)Math.abs(sigma_x) /  

                                                  (double)Math.abs(mass),

                                                  (double)Math.abs(sigma_y) / 

                                                  (double)Math.abs(mass));

                    masses[light_counter] = mass;

                    light_counter++;

                    resetSigma();

                    floodFill(x, y, FLOOD_FILL, PROCESSED);

                }

            }

        }

    }

}

** LightLocater – splitLights()

This function identifies two separate LEDs if they are overlapping in the image and forming one single blob.  It uses diagonal lines across the LED’s bounding box to determine if the brightness-weighted pixel values are unequally distributed, signaling the overlapping of two LEDs.  It then splits the blob across the proper diagonal and locates the center of the LED on each side of the diagonal and adds them to the list of located LEDs.

public boolean splitLights(int xmin, int xmax, int ymin, int ymax, int xcm, int ycm)
{


boolean[][] above_d1 = new boolean[xmax-xmin][ymax-ymin];


boolean[][] above_d2 = new boolean[xmax-xmin][ymax-ymin];


double sigmax_above_d1 = 0;


...


double sigmay_below_d2 = 0;


...


double mass_below_d2 = 0;


int xm = (xmin + xmax) / 2;


int ym = (ymin + ymax) / 2;


int xa = (xmin + xmax) * 3 / 8;


...


int yb = (ymin + ymax) * 5 / 8;


for(int x = xmin; x < xmax; x++)
{



for(int y = ymin; y < ymax; y++)
{




above_d1[x-xmin][y-ymin] = y > (int)(-((double)

                  
(xmax-xmin)/(double)(ymax-ymin))*(x-xm)+ym);

above_d2[x-xmin][y-ymin] = y > (int)(((double)

(xmax-xmin)/(double)(ymax-ymin))*(x-xm)+ym);




if(above_d1[x-xmin][y-ymin])
{





sigmax_above_d1 += x * getGrayARGB(pixels[x][y]);





sigmay_above_d1 += y * getGrayARGB(pixels[x][y]);





mass_above_d1 += getGrayARGB(pixels[x][y]);




}
else
{





sigmax_below_d1 += x * getGrayARGB(pixels[x][y]);





sigmay_below_d1 += y * getGrayARGB(pixels[x][y]);





mass_below_d1 += getGrayARGB(pixels[x][y]);




}




if(above_d2[x-xmin][y-ymin])
{





sigmax_above_d2 += x * getGrayARGB(pixels[x][y]);





...




}



}


}


int xc_above_d1 = (int)(sigmax_above_d1 / mass_above_d1);


...


int yc_below_d2 = (int)(sigmay_below_d2 / mass_below_d2);


boolean above_and_near_d1 = yc_above_d1 < (int)(((double)

(xmax-xmin)/(double)(ymax-ymin))*(xc_above_d1-xa)+ya);


...


boolean below_and_near_d2 = yc_below_d2 < (int)(((double)

(xmax-xmin)/(double)(ymax-ymin))*(xc_above_d2-xa)+yb);


int db1 = (int)Point2D.distance(xc_above_d1, yc_above_d1, xc_below_d1, yc_below_d1);


int db2 = (int)Point2D.distance(xc_above_d2, yc_above_d2, xc_below_d2, yc_below_d2);


int proximity = 12;


if(split_counter > 0)
{



for(int i = 0; i < split_counter; i++)
{

if(Point2D.distance(split_lights[i].getX(), 

  split_lights[i].getY(), xcm, ycm) < 20 && 



         (double)Math.max(xmax-xmin,ymax-ymin) / 

     Math.min(xmax-xmin,ymax-ymin) > 1.5)
{





proximity = 4;




}



}


}


if(db1 > proximity)
{



if(db2 > proximity)
{




if(db1 > proximity)
{





lights[light_counter] = new Point2D.Double(xc_above_d1, yc_above_d1);





masses[light_counter++] = (long)mass_above_d1;





lights[light_counter] = new Point2D.Double(xc_below_d1, yc_below_d1);





masses[light_counter++] = (long)mass_below_d1;





split_lights[temp_split_counter++] = new Point2D.Double(xcm, ycm);




}
else
{

lights[light_counter] = new Point2D.Double(xc_above_d1, yc_above_d2);





masses[light_counter++] = (long)mass_above_d2;





lights[light_counter] = new Point2D.Double(xc_below_d1, yc_below_d2);





masses[light_counter++] = (long)mass_below_d2;





split_lights[temp_split_counter++] = new Point2D.Double(xcm, ycm);




}



}
else
{

lights[light_counter] = new Point2D.Double(xc_above_d1, yc_above_d1);




masses[light_counter++] = (long)mass_above_d1;




lights[light_counter] = new Point2D.Double(xc_below_d1, yc_below_d1);




masses[light_counter++] = (long)mass_below_d1;




split_lights[temp_split_counter++] = new Point2D.Double(xcm,ycm);



}


}
else if(db2 > proximity)
{



lights[light_counter] = new Point2D.Double(xc_above_d1, yc_above_d2);



masses[light_counter++] = (long)mass_above_d2;



lights[light_counter] = new Point2D.Double(xc_below_d1, yc_below_d2);



masses[light_counter++] = (long)mass_below_d2;



split_lights[temp_split_counter++] = new Point2D.Double(xcm, ycm);


}
else
{



return false;


}


return true;

}

* LightTracker – trackLights()

Identifies detected LEDs closest to tracked LED objects and updates their positions.  Creates and removes LED objects to match detected LEDs.  leds is the LinkedList of tracked LED objects.  locater.lights is the array of detected LED points.

public void trackLights()
{


StateManager.light_track_time = System.nanoTime();


LinkedList<Integer> used = new LinkedList<Integer>();


int list_size = leds.size();



int tracked_index = -1;


int detected_index = -1;


// more detected lights than tracked lights – 

// match tracked lights to detected lights


if(locater.number_of_lights >= leds.size())
{



int i = 0;



for(i = 0; i < list_size; i++)
{






int min_index = 0;




double min = VideoGrabber.WIDTH + VideoGrabber.HEIGHT;




for(int j = 0; j < locater.number_of_lights; j++)
{





if(!used.contains(new Integer(j)))
{






if(locater.lights[j] != null)
{







double distance = Point2D.distance(

leds.get(i).px(), 

leds.get(i).py(), 






            locater.lights[j].getX(), 








locater.lights[j].getY());







if(distance < min)
{








min = distance;








min_index = j;







}






}





}




}




if(locater.lights[min_index] != null)
{





leds.get(i).updatePosition(

locater.lights[min_index].getX(), 

locater.lights[min_index].getY());





used.add(new Integer(min_index));




}



}



if(used.size() < locater.number_of_lights)
{




tracked_index = i;



}


// more tracked lights than detected lights – 

      // match detected lights to tracked lights


}
else
{



int i = 0;



for(i = 0; i < locater.number_of_lights; i++)
{








int min_index = 0;




double min = VideoGrabber.WIDTH + VideoGrabber.HEIGHT;




for(int j = 0; j < list_size; j++)
{








if(!used.contains(new Integer(j)) && 

    locater.lights[i] != null)
{






double distance = Point2D.distance(

locater.lights[i].getX(), 

locater.lights[i].getY(),

                                    leds.get(j).px(), leds.get(j).py());






if(distance < min)
{







min = distance;







min_index = j;






}





}




}




if(locater.lights[i] != null)
{





leds.get(min_index).updatePosition(locater.lights[i].getX(), 

      locater.lights[i].getY());





used.add(new Integer(min_index));




}



}



if(used.size() < list_size)
{




detected_index = i;



}


}


// tracked leds have to be created


if(tracked_index != -1 ||(leds.size() == 0 && locater.number_of_lights > 0)){



for(int i = tracked_index; i < locater.number_of_lights; i++)
{




for(int j = 0; j < locater.number_of_lights; j++)
{





if(!used.contains(new Integer(j)) &&

                            locater.lights[j] != null)
{






leds.addLast(new LED(locater.lights[j].getX(), 









   locater.lights[j].getY(), 









   id_counter++));






used.add(new Integer(j));






LED closest = getClosestTo(leds.getLast());






if(closest != null &&

   (closest.getID().contains("pinch")) &&






    Point2D.distance(leds.getLast().px(), leds.getLast().py(),








         closest.px(), closest.py()) < MERGE_MAX*2) {







pinch_modified = true;







if(closest.getSide().contains("split"))
{








if(leds.getLast().px() < closest.px()){









leds.getLast().setSide("left");









closest.setSide("right");








}
else
{









leds.getLast().setSide("right");









closest.setSide("left");








}







}
else
{








leds.getLast().setSide(closest.getSide());







}







if(leds.getLast().getSide().equals("left"))








left_lights++;







if(leds.getLast().getSide().equals("right"))








right_lights++;







if(!leds.getLast().getSide().equals("left") && 







   !leds.getLast().getSide().equals("right"))








leds.getLast().setSide(closest.getSide());







if(!closest.getSide().equals("left") && 

   !closest.getSide().equals("right"))
{








closest.setSide(leds.getLast().getSide());








boolean pointer_above = 

   closest.getID().split(":")[1].equals("true");








String id_above = "pointer";








String id_below = "clicker";








if(!pointer_above)
{









id_above = "clicker";









id_below = "pointer";







}







if(closest.py() < leds.getLast().py())
{








closest.setID(id_above);








leds.getLast().setID(id_below);







}
else
{








leds.getLast().setID(id_above);








closest.setID(id_below);







}






}





}




}



}


}


// tracked leds have to be deleted (only one at a time – 

      // as you remove leds, the indices change)


if(detected_index != -1)
{



for(int i = 0; i < list_size; i++)
{




if(!used.contains(new Integer(i)))
{





for(int j = 0; j < list_size; j++)
{






if(i != j && 

                                leds.get(i).getLeft() == leds.get(j).getLeft() && 






  (Point2D.distance(leds.get(i).px(),

  leds.get(i).py(),

  leds.get(j).px(),

  leds.get(j).py()) < MERGE_MAX || 



   (leds.get(i).nextPosition() != null && 

    leds.get(j).nextPosition() != null &&






    Point2D.distance(leds.get(i).nextPosition().getX(),

   leds.get(i).nextPosition().getY(),

  




                     leds.get(j).nextPosition().getX(), 

   leds.get(j).nextPosition().getY()) < 

   MERGE_MAX)))
{







pinch_modified = true;







boolean pointer_above = 

((leds.get(i).py() < leds.get(j).py() && 








  leds.get(i).getID().equals("pointer")) ||







       (leds.get(j).py() < leds.get(i).py() && 








  leds.get(j).getID().equals("pointer")));







leds.get(j).setID("pinch:" + pointer_above);


if(!leds.get(i).getSide().equals(leds.get(j).getSide()))
{








leds.get(j).setSide("split:" + leds.get(i).getSide() + 

  ":" + leds.get(j).getSide());








if(leds.get(j).getSide().equals("left"))









left_lights--;








if(leds.get(j).getSide().equals("right"))









right_lights--;







}







break;






}





}





if(leds.get(i).getSide().equals("left"))






left_lights--;





if(leds.get(i).getSide().equals("right"))






right_lights--;





leds.remove(i);





used.add(new Integer(i));





break;




}



}


}


Collections.sort(leds);


classifyLights();


groupLights();


}

** LightTracker – classifyLights()

This function classifies LEDs as either belonging to the left hand or the right hand.  It accomplishes this by requiring the user to display all six LEDs on the screen (or just three LEDs for one hand) for classification.

public void classifyLights()
{


final int CLASSIFY_DIST = 50;


if(leds.size() == 0 && classified)
{



classified = false;



classify_timer = 0;


}


if(classified)
{



int none_counter = 0;



for(LED led: leds)
{




if(led.getSide().equals("none"))
{





LED closest = getClosestTo(led);





LED left = getClosestTo(led, "left");





LED right = getClosestTo(led, "right");





if(closest != null &&





   !(left != null && right != null &&





     Math.abs(Point2D.distance(left.px(), left.py(), 

                                                       led.px(), led.py()) - 






  
  Point2D.distance(right.px(), right.py(), 

                                                       led.px(), led.py())) > CLASSIFY_DIST))
{






led.timerStep(closest.getSide());





}





if(led.getSide().equals("left"))






left_lights++;





if(led.getSide().equals("right"))






right_lights++;




}




if(led.getSide().contains("none"))





none_counter++;



}



if(none_counter == leds.size())




classified = false;



classify_timer = 0;


}
else if(leds.size() == 3 && classify_timer == classify_timer_limit)
{



classified = true;



double midx = (leds.get(0).px() + leds.get(1).px() + leds.get(2).px()) / 3;



double midy = (leds.get(0).py() + leds.get(1).py() + leds.get(2).py()) / 3;



String s = "left";



if(midx > VideoGrabber.WIDTH / 2)
{




s = "right";




right_lights = 3;



}
else
{




left_lights = 3;



}



leds.get(0).setSide(s);



leds.get(1).setSide(s);



leds.get(2).setSide(s);



if(s.equals("left"))
{




LED[] left_leds = leftLights();




left_leds[0].setID("aux");




left_leds[1].setID("pointer");




left_leds[2].setID("clicker");



}
else
{




LED[] right_leds = rightLights();




right_leds[0].setID("aux");




right_leds[1].setID("pointer");




right_leds[2].setID("clicker");



}


}
else if(leds.size() == 6 && classify_timer == classify_timer_limit)
{



classified = true;



leds.get(0).setSide("left");



leds.get(1).setSide("left");



leds.get(2).setSide("left");



leds.get(3).setSide("right");



leds.get(4).setSide("right");



leds.get(5).setSide("right");



left_lights = 3;



right_lights = 3;



LED[] left_leds = leftLights();



LED[] right_leds = rightLights();



left_leds[0].setID("aux");



left_leds[1].setID("pointer");



left_leds[2].setID("clicker");



right_leds[0].setID("aux");



right_leds[1].setID("pointer");



right_leds[2].setID("clicker");


}
else if(leds.size() == 3 || leds.size() == 6)
{



classify_timer++;


}
else
{



classify_timer = 0;


}

}

** LightTracker – groupLights()

After classification into left and right hands, whenever an LED disappears and then reemerges in the image, this function determines which hand to group it to.  It accomplishes this by determining which hand it is closest to.

public void groupLights()
{


double MAX_DIST = VideoGrabber.WIDTH / 4;


boolean left_used = false;


Point2D mid1 = null;


Point2D mid2 = null;


int[] counter = {0, 0, 0};


if(leds.size() == 0)
{



return;


}
else if(leds.size() == 1)
{



leds.getFirst().setLeft(true);



return;


}
else if(leds.size() <= 3)
{



for(LED led: leds)
{




if(led.getTempID() == 0)
{





LED closest = getClosestTo(led);





// closest LED is too far away - other hand





if(Point2D.distance(closest.px(), closest.py(), 

                                            led.px(), led.py()) > MAX_DIST)
{






if(closest.getTempID() == 0)
{







closest.setTempID(1);







led.setTempID(2);






}
else if(closest.getTempID() == 1)
{







led.setTempID(2);






}
else
{







led.setTempID(1);






}





// closest LED is in same group





}
else
{






if(closest.getTempID() == 0 && !left_used)
{







closest.setTempID(1);







led.setTempID(1);







left_used = true;






}
else if(closest.getTempID() == 0)
{







closest.setTempID(2);







led.setTempID(2);






}
else
{







led.setTempID(closest.getTempID());






}





}




}



}


}
else 
{





for(LED led: leds)
{




if(led.getTempID() == 0)
{





LED closest = getClosestTo(led);





// closest LED is in same group





if(closest.getTempID() == 0 && !left_used)
{






closest.setTempID(1);






led.setTempID(1);






counter[1] += 2;






left_used = true;





}
else if(closest.getTempID() == 0)
{






closest.setTempID(2);






led.setTempID(2);






counter[2] += 2;





}
else
{






if(counter[closest.getTempID()] < 3)
{







led.setTempID(closest.getTempID());







counter[closest.getTempID()]++;






}
else
{







if(closest.getTempID() == 1)
{








led.setTempID(2);








counter[2]++;







}
else
{








led.setTempID(1);








counter[1]++;







}






}





}




}



}


}


for(LED led: leds)
{



if(led.getTempID() == 1)
{




if(mid1 == null)
{





led.getPosition();




}
else
{





double tx = mid1.getX();





double ty = mid1.getY();





mid1 = new Point2D.Double((tx+led.px())/2, (ty+led.py())/2);




}



}
else if(led.getTempID() == 2)
{




if(mid2 == null)
{





led.getPosition();




}
else
{





double tx = mid2.getX();





double ty = mid2.getY();





mid2 = new Point2D.Double((tx+led.px())/2, (ty+led.py())/2);




}







}


}


boolean mid1left = (mid2 == null || mid1.getX() < mid2.getY());


for(LED led: leds)
{



if(!led.getID().contains("pinch"))
{




if(!pinch_modified || (led.prevPosition() == null || 





Point2D.distance(led.px(), led.py(), led.prevPosition().getX(), 

     led.prevPosition().getY()) > SWITCH_MAX))
{





if(led.getTempID() == 1)







led.setLeft(mid1left);





else






led.setLeft(!mid1left);





pinch_modified = false;




}



}



led.setTempID(0);


}


LED[] left_leds = leftLights();


boolean pointer_found = false;


boolean clicker_found = false;


boolean aux_found = false;


for(LED led: left_leds)
{



if(led != null && led.getID() != null && led.getID().length() > 0)
{




if(led.getID().equals("pointer"))





pointer_found = true;




else if(led.getID().equals("clicker"))





clicker_found = true;




else if(led.getID().equals("aux"))





aux_found = true;



}


}


for(LED led: left_leds)
{



if(led != null && (led.getID() == null || led.getID().length() == 0))
{




if(!pointer_found)
{





led.setID("pointer");





pointer_found = true;




}
else if(!clicker_found)
{





led.setID("clicker");





clicker_found = true;




}
else if(!aux_found)
{





led.setID("aux");





aux_found = true;




}



}


}


LED[] right_leds = rightLights();


...


for(LED led: right_leds)
{



...


}

}

* ControllerInterface – executeCommands()

Calls various commands for PhotoApplication to execute based on the status of LEDs given by LightTracker

public void executeCommands()
{


if(photoApp != null)
{



Point2D leftCursor = tracker.leftCursor();



Point2D rightCursor = tracker.rightCursor();



LED leftPointer = tracker.getLeftPointer();



LED rightPointer = tracker.getRightPointer();



Point2D leftPinchPosition = tracker.getLeftPinchPosition();



Point2D rightPinchPosition = tracker.getRightPinchPosition();



if(leftPinchPosition != null && rightPinchPosition != null)
{

photoApp.dualCursorDrag(screenX(leftCursor.getX()), 

                        screenY(leftCursor.getY()),






            screenX(rightCursor.getX()),

screenY(rightCursor.getY()));



}
else
{




if(leftPinchPosition != null)
{





if(!left_pinch)
{






left_pinch = true;






photoApp.cursorPress(0, screenX(leftCursor.getX()),

screenY(leftCursor.getY()));






photoApp.cursorClick(0, screenX(leftCursor.getX()), 










screenY(leftCursor.getY()));





}





if(!(screenX(leftCursor.getX()) == lcx && 

     screenY(leftCursor.getY()) == lcy))
{






photoApp.singleCursorDrag(0, screenX(leftCursor.getX()), 

      screenY(leftCursor.getY()));






lcx = screenX(leftCursor.getX());






lcy = screenY(leftCursor.getY());





}




}
else
{





if(left_pinch)
{






left_pinch = false;






photoApp.cursorRelease(0);





}





if(leftCursor != null)
{






if(!(screenX(leftCursor.getX()) == lcx && 

     screenY(leftCursor.getY()) == lcy))
{








photoApp.cursorMove(0, screenX(leftCursor.getX()), 

      screenY(leftCursor.getY()));







lcx = screenX(leftCursor.getX());







lcy = screenY(leftCursor.getY());






}





}




}




if(rightPinchPosition != null)
{

...




}



}


}


photoApp.buffer();

}

** PhotoApplication – singleCursorDrag()

This function executes a drag or a rescale and rotate command on the Photo on which is being dragged.  Dragging corners executes the rescale and rotate commands.  Dragging anywhere else on the photo executes a drag command.

public void singleCursorDrag(int c, int cx, int cy)
{


mx[c] = cx;


my[c] = cy;


cursors[c] = 2;


for(Photo photo: photos)
{



boolean transform = photo.transforming || (!photo.transforming && 









         photo.cornerContains(cx, cy));



if(!photo.dragging && transform)
{




if(!photo.transforming)
{





currentTask.addStartTime("rescale");





photo.transforming = true;




}




photo.rotate(cx, cy);




photo.rescale(cx, cy);




photo_repaint = true;




currentTask.checkSnap(photo);




if(photo.getZ() > 0)
{





for(int i = 0; i < photo.getZ(); i++)







photos[i].setZ(photos[i].getZ()+1);





photo.setZ(0);





Arrays.sort(photos);




}




return;



}
else if(photo.dragging || (!photo.dragging && photo.contains(cx, cy)))
{




if(!photo.dragging)
{





currentTask.addStartTime("drag");





photo.dragging = true;




}




photo.drag(cx, cy);




photo_repaint = true;




currentTask.checkSnap(photo);




if(photo.getZ() > 0)
{





for(int i = 0; i < photo.getZ(); i++)







photos[i].setZ(photos[i].getZ()+1);





photo.setZ(0);





Arrays.sort(photos);




}




return;



}


}

}

** PhotoApplication – dualCursorDrag()

This function executes a rescale and rotate command when two cursors drag a photo at the same time.  Code for this function is extremely similar to singleCursorDrag(), but it calls the dual cursor Photo functions instead

** Photo – updateTransform()

This function updates the AffineTransform objects of this Photo.  bat is used to transform coordinates from the standard coordinate plane to the rotated and rescaled coordinate plane of this Photo.  brt is the reverse of bat and transforms coordinates from the Photo’s coordinate plane to the standard coordinate plane.

public void updateTransform()
{


bat = new AffineTransform();


bat.scale(bscale, bscale);


bat.rotate(btheta);


brt = new AffineTransform();


brt.scale(1/bscale, 1/bscale);


brt.rotate(-btheta);

}

** Photo – updateCorners()

This function updates the coordinates of the Photo whenever it is moved.  It accomplishes this using the AffineTransform object bat.

public void updateCorners()
{


b = Math.max(6, Math.min(imgw/25, imgh/25));


l = Math.max(6*b, Math.min(imgw/6, imgh/6));


bx0 = new int[]{(int)(bx - imgw/2 - b), (int)(bx + imgw/2 + b), 

                      (int)(bx + imgw/2 + b), (int)(bx - imgw/2 - b)};


by0 = new int[]{(int)(by - imgh/2 - b), (int)(by - imgh/2 - b), 

                      (int)(by + imgh/2 + b), (int)(by + imgh/2 + b)};


...


by4 = new int[]{(int)(by + imgh/2 + b), (int)(by + imgh/2 + b), 

                      (int)(by + imgh/2 + b - l)};


bxs = new int[][]{bx0, bx1, bx2, bx3, bx4};


bys = new int[][]{by0, by1, by2, by3, by4};


Point2D p;


for(int i = 0; i < bxs.length; i++)
{



for(int j = 0; j < 3; j++)
{




p = bat.transform(new Point2D.Double(bxs[i][j], bys[i][j]), null);




bxs[i][j] = (int)p.getX();




bys[i][j] = (int)p.getY();



}


}


p = bat.transform(new Point2D.Double(bx0[3], by0[3]), null);


bx0[3] = (int)p.getX();


by0[3] = (int)p.getY();

}

** Photo – getTX() and getTY() (and  getBTX() and  getBTY())

This function uses the AffineTransform at (or bat – the buffered at) to convert points from the standard coordinate plane to the Photo’s rotated and rescaled coordinate plane.

public double getTX()
{


return at.transform(new Point2D.Double(x, y), null).getX();

}

...

** Photo – getRX() and getRY() (and  getBRX() and  getBRY())

This function uses the AffineTransform rt (or brt – the buffered rt) to convert points from the Photo’s rotated and rescaled coordinate plane to the standard coordinate plane – it is the reverse transformation of at.

public double getRX(double a, double b)
{


return rt.transform(new Point2D.Double(a, b), null).getX();

}

...

** Photo – drag()

This function moves this Photo to the given x- and y-coordinates.  Please note that for all Photo functions for geometric transformations, the variables bx, by, bscale, btheta, etc. are changed.  These variables as a buffer which then get copied into the variables x, y, scale, theta, etc. at a time that doesn’t conflict with painting the Photo to the screen.

public void drag(int mx, int my)
{


...


if(!drag_set)
{



dx = mx;



dy = my;



drag_set = true;


}
else
{



bx = getBRX(getBTX() + (mx-dx), getBTY() + (my-dy));



by = getBRY(getBTX() + (mx-dx), getBTY() + (my-dy));


}


dx = mx;


dy = my;


updateTransformAndCorners();

}

** Photo – rescale()

This function rescales this Photo proportionally to the distance between the two given points.  This is the dual cursor function.  The single cursor function is very similar.  That function, which is called when the user drags a corner, uses the Photo’s center point for rescaling.

public void rescale(int tx1, int ty1, int tx2, int ty2)
{


...


double xmid = ((double)(tx1 + tx2))/2;


double ymid = ((double)(ty1 + ty2))/2;


double s1 = Math.abs(tx1-getBTX())/(double)(imgw/2);


double s2 = Math.abs(ty1-getBTY())/(double)(imgh/2);


double s = Math.max(s1, s2);


double oldtx = getBTX();


double oldty = getBTY();


if(s * Math.min(imgw, imgh) >= 40 && s * Math.max(imgw, imgh) <= 800)
{



bscale = s;



updateTransform();



bx = getBRX(oldtx, oldty);



by = getBRY(oldtx, oldty);



updateTransformAndCorners();


}


...

}

** Photo – rotate()

This function rotates this Photo based on the angle between the two given points.  This is the dual cursor function.  The single cursor function is very similar.  That function, which is called when the user drags a corner, uses the Photo’s center point for rotating.

public void rotate(int tx, int ty)
{


...


double dx = tx-getBTX();


double dy = ty-getBTY();


double dtheta = Math.atan((double)imgh/imgw);


double angle = Math.atan(Math.abs(dy)/Math.abs(dx));


if(bmtheta == 0.0)
{



bmtheta = angle;


}
else
{



if(dx < 0 && dy < 0 || dx > 0 && dy > 0)




btheta -= (bmtheta-angle);



else




btheta += (bmtheta-angle);



bmtheta = angle;


}


double oldtx = getBTX();


double oldty = getBTY();


updateTransform();


bx = getBRX(oldtx, oldty);


by = getBRY(oldtx, oldty);


updateTransformAndCorners();


...

}

** PhotoTask – checkSnap()

This function checks if this Photo’s position and orientation match the final orientation specified for this image.

public void checkSnap(Photo p)
{


final int DIST_LIMIT = 20;


final double ROTATE_LIMIT = 0.1;


final int RESCALE_LIMIT = 20;


ready_to_snap = false;


for(Photo config: finalConfigs)
{



if(!p.snapped && p.id == config.id &&



   Point2D.distance(p.getTX(), p.getTY(), 

   config.getTX(), config.getTY()) <= DIST_LIMIT &&



    Math.abs(p.theta - config.theta) <= ROTATE_LIMIT &&



    Math.abs(Math.max(p.w, p.h) - Math.max(config.w, config.h)) <= RESCALE_LIMIT)
{




ready_to_snap = true;



}


}

}

** DataCollector – collectData()

This function gathers data about the positions of the mouse, left, and right cursors, and calculates their velocity.  This function then gathers data about the positions and orientations of the photos and calculates the velocities of those values as well.  All of this data is then exported as a CSV (Comma-Separated Values) file in exportCSV()

public void collectData()
{

if(time > 0 && mouse_cursor_pos.get(time-1).equals(new Point2D.Double(photoApp.mx[0],

 










     photoApp.my[0])) &&


   (left_cursor_pos.get(time-1) == null && tracker.leftCursor() == null ||


    left_cursor_pos.get(time-1).equals(tracker.leftCursor())) &&


   (right_cursor_pos.get(time-1) == null && tracker.rightCursor() == null ||


    right_cursor_pos.get(time-1).equals(tracker.rightCursor())))



return;


time_data.addLast(new Double(((System.currentTimeMillis()-start_time)/1000.0)));


mouse_cursor_pos.addLast(new Point2D.Double(photoApp.mx[0], photoApp.my[0]));


left_cursor_pos.addLast(controller.screenConvert(tracker.leftCursor()));


right_cursor_pos.addLast(controller.screenConvert(tracker.rightCursor()));


mouse_cursor_click.addLast((photoApp.mouse_click) ? 1 : 0);


left_cursor_click.addLast((tracker.getLeftPinchPosition() == null) ? 0 : 1);


right_cursor_click.addLast((tracker.getRightPinchPosition() == null) ? 0 : 1);


if(time > 0)
{



if(mouse_cursor_pos.get(time-1) != null && mouse_cursor_pos.get(time) != null)
{




mouse_cursor_vel.addLast(new Point2D.Double(

      mouse_cursor_pos.get(time-1).getX() –



mouse_cursor_pos.get(time).getX(),




mouse_cursor_pos.get(time-1).getY() -



mouse_cursor_pos.get(time).getY()));



}
else
{




mouse_cursor_vel.addLast(null);



}



if(left_cursor_pos.get(time-1) != null && left_cursor_pos.get(time) != null)
{




left_cursor_vel.addLast(new Point2D.Double(

left_cursor_pos.get(time-1).getX() - 

      left_cursor_pos.get(time).getX(),

                    




left_cursor_pos.get(time-1).getY() –

                    




left_cursor_pos.get(time).getY()));



}
else
{




left_cursor_vel.addLast(null);



}



if(right_cursor_pos.get(time-1) != null && right_cursor_pos.get(time) != null)
{




right_cursor_vel.addLast(new Point2D.Double(

right_cursor_pos.get(time-1).getX() –



right_cursor_pos.get(time).getX(),


    right_cursor_pos.get(time-1).getY() –








      right_cursor_pos.get(time).getY()));



}
else
{




right_cursor_vel.addLast(null);



}


}


for(int i = 0; i < photoApp.photo_count; i++)
{



Photo p = photoApp.getPhoto(i);



photo_pos[i].addLast(new Point2D.Double(p.getX(), p.getY()));



photo_angle[i].addLast(new Double(p.getTheta()));



photo_scale[i].addLast(new Double(p.getScale()));



if(time > 0 && photo_pos[i].get(time-1) != null && photo_pos[i].get(time) != null)
{




photo_vel[i].addLast(new Point2D.Double(

photo_pos[i].get(time-1).getX() -








photo_pos[i].get(time).getX(),








photo_pos[i].get(time-1).getY() -    









photo_pos[i].get(time).getY()));



}
else
{




photo_vel[i].addLast(null);



}



if(time > 0 && photo_angle[i].get(time-1) != null

&& photo_angle[i].get(time) != null)
{




photo_angle_vel[i].addLast(new Double(

photo_angle[i].get(time-1) -








      photo_angle[i].get(time)));



}
else
{




photo_angle_vel[i].addLast(null);



}



if(time > 0 && photo_scale[i].get(time-1) != null && 

   photo_scale[i].get(time) != null)
{




photo_scale_vel[i].addLast(new Double(

photo_scale[i].get(time-1) –








      photo_scale[i].get(time)));



}
else
{




photo_scale_vel[i].addLast(null);



}


}


time++;

}

· New Algorithms

· Determining the centers of two LEDs that are overlapping

· Logic for classifying and reclassifying LEDs

· Geometric transformations of photos in the photo manipulation application

· Most common error: NullPointerException

· Caused when detected LEDs and tracked LEDs don’t match during some gestures

· Current state of testing

· Testing time required to complete certain tasks as well as observing how tasks are completed differently between the mouse and glove interfaces

What do you expect to work on next quarter, in relation to the goal of your project for the year? 

· Completion, testing, and evaluation of the rescale and rotate two-handed gestures

· Improve reliability of these gestures

· Implementation of more gestures: scroll, pan, zoom, and select all running in photo application

· Beginning exploration of other creative uses for this interface including command exports to Google Earth and infrared pen whiteboard application

