COMPUTER SYSTEMS RESEARCH 
Code Writeup of your program, example report form 2009-2010 

1. Your name: Chris Carey, Period: 3
2. Date of this version of your program: First Quarter 2009
3. Project title: The Implementation of a User-Based Interface 

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

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
Source Code of Important Functions
LightLocater – getPixels()

Resets the histogram of pixel brightness levels, creates a double-dimensional pixel array from VideoGrabber’s BufferedImage, and records its brightness levels in the histogram.  Then it chooses the brightness level past the peak in which no more than 5% of the pixels are marked as represented an IR LED.
public void getPixels()
{
    if(histogram_counter == histogram_limit)
{
        for(int i = 0; i < 256; i++)
            histogram_buffer[i] = 0;
    }
    if(grabber.ready_status && grabber.getImage() != null)
{
        for(int y = VideoGrabber.MINY-BUFFER; 
                y < VideoGrabber.MAXY+BUFFER; y++)
{
            for(int x = VideoGrabber.MINX-BUFFER;

                    x < VideoGrabber.MAXX+BUFFER; x++){
                pixels[x][y] = grabber.getImage().getRGB(x, y);
                if(histogram_counter == histogram_limit)
                    histogram_buffer[getGrayARGB(pixels[x][y])/8] += 1;
            }
        }
    }
    if(histogram_counter == histogram_limit)
{
        int max = 0;
        double min = 0.05;
        for(int i = 0; i < 32; i++)
{
            histogram[i] = histogram_buffer[i];
            if(histogram[i] >= max)
{
                max = histogram[i];
                threshold = i + 1;
            }
        }
        for(int i = threshold; i < 32; i++)
{
            if((double)histogram[i]/pixel_count < min)
{
                threshold = (i + 1) * 8;
                break;
            }
        }
        histogram_counter = 0;
    }
else
{
        histogram_counter++;
    }
}
LightLocater – getBrightPixels()

Uses binary rasterization to mark pixels in array as above or below the brightness threshold.
public void getBrightPixels(int threshold, int marked, int unmarked)
{
    for(int y = VideoGrabber.MINY-BUFFER; y < VideoGrabber.MAXY+BUFFER; y++)
{
        for(int x = VideoGrabber.MINX-BUFFER; x < VideoGrabber.MAXX+BUFFER; x++)
{
            if(getGrayARGB(pixels[x][y]) > threshold)

          bit_pixels[x][y] = marked;
            else
                 bit_pixels[x][y] = unmarked;
        }
    }
}
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.
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 – getColorBounds()

This function finds the rectangle that bounds the given color in the rasterized pixel array.
public Rectangle getColorBounds(int color)
{
    int top = 0, left = 0;
    int bottom = VideoGrabber.HEIGHT, right = VideoGrabber.WIDTH;
    int x = 0, y = 0;
    boolean break_loop = false;
    for(x = left; x < right && !break_loop; x++)
        for(y = top; y < bottom && !break_loop; y++)
            if(bit_pixels[x][y] == color)
                break_loop = true;
    if(break_loop)
        left = x;
    else

        return null;
    break_loop = false;
    for(x = right-1; x >= left && !break_loop; x--)
        for(y = top; y < bottom && !break_loop; y++)
            if(bit_pixels[x][y] == color)
                break_loop = true;
    right = x;
    ...

    bottom = y;
    return new Rectangle(left, top, right-left, bottom-top);


}

LightLocater – floodFill()

This recursive method changes every adjacent pixel with one color to another color.
public void floodFill(int x, int y, int old_color, int new_color)
{
    if(x < 1 || x > VideoGrabber.WIDTH-2 || y < 1 || y > VideoGrabber.HEIGHT-2)
        return;
    else
{
        bit_pixels[x][y] = new_color;
        sigma_x += x * getGrayARGB(pixels[x][y]);
        sigma_y += y * getGrayARGB(pixels[x][y]);
        mass += getGrayARGB(pixels[x][y]);
    }
    if(bit_pixels[x-1][y] == old_color)
        floodFill(x-1, y, old_color, new_color);
    if(bit_pixels[x+1][y] == old_color)
        floodFill(x+1, y, old_color, new_color);
    if(bit_pixels[x][y-1] == old_color)
        floodFill(x, y-1, old_color, new_color);
    if(bit_pixels[x][y+1] == old_color)
        floodFill(x, y+1, old_color, new_color);
}
LightTracker – trackLights()
Identifies detected LEDs closest to tracked LED objects and updates their positions.  Creates and removes LED objects to match detected LEDs.  Calls gesture recognition functions.
public void trackLights()
{
    int list_size = leds.size();
    ...
    LinkedList<Integer> used = new LinkedList<Integer>();
    int tracked_index = -1;
    int detected_index = -1;
    // same amount or 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));
                    ...
                }
            }
        }
    }
    // 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)))
{
                leds.remove(i);
                used.add(new Integer(i));
                break;
            }
        }
    }
    ...
    if(leds.size() > 1)
        pressReleaseAction();
    if(leds.size() > 2)
        minimizeAction();
}
LightTracker – pressReleaseAction()
Drag and drop gesture recognition function.  Sets boolean flag to press mouse button down when two LEDs are within a minimum distance.
public void pressReleaseAction()
{
    boolean points_available = leds.size() == 2;
    boolean points_close = d1 <= DRAG_PROXIMITY_MAX;
    if(points_available && points_close)
{
        press = true;
    }
else if(press && (!points_available || !points_close))
{
        press = false;
    }
}
LightTracker – minimizeAction()
Minimize gesture recognition function.  Sets boolean flag when three LEDs are within a certain distance and are moving towards each other.  Sets a second boolean flag when the gesture is complete.
public void minimizeAction()
{
    boolean points_available = leds.size() == 3;
    boolean points_in_range = d1 >= RESIZE_PROXIMITY_MIN && 

                              d1 <= RESIZE_PROXIMITY_MAX &&

                              d2 >= RESIZE_PROXIMITY_MIN && 

                              d2 <= RESIZE_PROXIMITY_MAX && 

                              d3 >= RESIZE_PROXIMITY_MIN &&

                              d3 <= RESIZE_PROXIMITY_MAX;
    boolean points_moving_in = getPointer().vy() < 0 && getClicker().vy() > 0;
    boolean points_moving_fast = Math.abs(

        Math.sqrt(getPointer().vx()*getPointer().vx() + 

                  getPointer().vy()*getPointer().vy())) > RESIZE_SPEED_MIN &&
        ...




 

        Math.abs(Math.sqrt(getHelper().vx()*getHelper().vx() +

                           getHelper().vy()*getHelper().vy())) > RESIZE_SPEED_MIN;
    if(!minimizing && points_available && points_in_range && 

                      points_moving_in && points_moving_fast)
        minimizing = true;
    else if(minimizing && !(points_available && points_in_range && 

                            points_moving_in && points_moving_fast))
{
        minimizing = false;
        minimize = true;
    }
}

LED – updatePosition()

Updates current position and keeps track of previous positions.  Calculates velocity and acceleration as long as the LED doesn’t jump out of frame past a given max velocity limit.
public void updatePosition(double x, double y)
{
    if(positions.size() == SIZE)
        positions.removeLast();
    positions.addFirst(new Point2D.Double(x, y));
    if(positions.size() > 1)
{
        if(velocities.size() == SIZE)
            velocities.removeLast();
        Point2D velocity = new Point2D.Double(positions.get(0).getX() – 

                                              positions.get(1).getX(),

                                              positions.get(0).getY() – 
                                              positions.get(1).getY());
        if(Math.sqrt(velocity.getX() * velocity.getX() + 

                     velocity.getY() * velocity.getY()) <= VELOCITY_LIM)
{
            velocities.addFirst(velocity);
            if(velocities.size() > 1)
{
                if(accelerations.size() == SIZE)
                    accelerations.removeLast();
                accelerations.addFirst(new Point2D.Double(velocities.get(0).getX()  

                                                      - velocities.get(1).getX(),
                                                        velocities.get(0).getY()  

                                                      - velocities.get(1).getY())); 
            }
        }
    }
}

LED – nextPosition()

Returns the LED’s predicted position for the next frame based on its current position and calculated velocity.
public Point2D nextPosition()
{
    if(velocities.size() > 0)
        return new Point2D.Double(px() + vx(), py() + vy());
    else
        return null;
}

ControllerInterface – executeCommands()

Uses java.awt.Robot class to move mouse pointer and activate minimize command when boolean flags indicate to do so.
public void executeCommands()
{
    if(tracker.getPointer() != null)
{
        robot.mouseMove((int)(((SMALL_WIDTH - (tracker.mouseX()-VideoGrabber.MINX))  

                                 / SMALL_WIDTH) * SCREEN_WIDTH),



      (int)(((tracker.mouseY()-VideoGrabber.MINY) / SMALL_HEIGHT)  

                                 * SCREEN_HEIGHT));
         if(tracker.minimize)
{
             robot.keyPress(KeyEvent.VK_ALT);
             robot.keyPress(KeyEvent.VK_SPACE);
             robot.keyPress(KeyEvent.VK_N);
             robot.keyRelease(KeyEvent.VK_ALT);
             robot.keyRelease(KeyEvent.VK_SPACE);
             robot.keyRelease(KeyEvent.VK_N);
             tracker.minimize = false;

  }
    }
}

· Algorithms

· Automatic pixel brightness threshold determination based on histogram

· IR LED blob detection from binary raster

· Linking tracked LEDs with closest detected LEDs

· Most common error: NullPointerException

· Caused when a position is checked under tracking or gesture recognition, but is not available yet

· Current state of testing

· Length of time required for each iteration

· Distance between LED predicted position and actual position for that frame

Most of testing still user side – static gestures: gestures performed vs. gestures recognized
What do you expect to work on next quarter, in relation to the goal of your project for the year? 
· Low-resolution to High-resolution pixel interpolation (pixel skipping)
· Instead of comparing every pixel to the threshold value, compare every two, or every three, or every four, etc.
· When a pixel is identified as representing an IR LED, then flood fill and execute blob detection at full resolution just for that area
· Two handed gestures
· Static gestures: close window
· Dynamic Gestures: window selection, object zoom, object scale, object rotate
· Distinguishing between left hand and right hand
· Not depending on perfect left/right hand synchronization for two handed gestures
· Beginning application control with Google Earth
· Map object zoom and rotate gestures to Google Earth, either through keystroke shortcuts, or writing an extension through the API (the former would be easier)
