PSY 593: Lecture 9


9 April 2004

Animation

Today we’re going to make some animations.  This first type of animation we are going to do is simple and interactive.  That is, we will be generating each frame of the animation in real time rather than storing them in memory first for playback later.  There are three basic steps to making an animation:

1. Draw an object in a new location

2. Wait for a screen refresh

3. Erase the object

4. Repeat

The trick is of course to figure out where to draw the object each frame.  The further away from its old location you draw it, the faster the motion will appear.  Also, you will need to compute the trajectory.

Here’s a script that draws a moving circle across the screen:

[w,rect]=Screen(0,'OpenWindow',[0 0 0]);

r=50; % radius of circle (pixels)

v=1;  % velocity (pixels per frame)

x=r:v:rect(3)-r;

y=rect(4)/2*ones(size(x));

for i=1:length(x)

     % draw circle in new position

     Screen(w,'FillOval',[255 255 255], [x(i)-r,y(i)-r,x(i)+r,y(i)+r]);

     Screen(w,'WaitBlanking')

     % erase circle

     Screen(w,'FillOval',[0 0 0], [x(i)-r,y(i)-r,x(i)+r,y(i)+r]);

end

Screen(w,'Close')
Try increasing the velocity.

Random motion

Here’s a script that does a “random walk”.   This script will run until you press a key.  Notice that I test to make sure that the circle is never drawn off the edge of the screen.  This is a boundary condition.  (If the circle is moving too slowly you can increase the velocity to verify this).

[w,rect]=Screen(0,'OpenWindow',[0 0 0]);

r=50;
% radius of circle (pixels)

vx=10;
% x-velocity (pixels per frame)

vy=5;
% y-velocity (pixels per frame) 

x=rect(3)/2;

y=rect(4)/2;

kdown=1;

% wait until all keys released

while(kdown)

     kdown=kbcheck;

end

while(~kdown)

     % draw circle in new position

     Screen(w,'FillOval',[255 255 255],[x-r,y-r,x+r,y+r]);

     Screen(w,'WaitBlanking')

     % erase circle

     Screen(w,'FillOval',[0 0 0],[x-r,y-r,x+r,y+r]);

     % compute new position

     x=x+vx*(2*rand-1);

     y=y+vy*(2*rand-1);

     % check borders

     x=max(x,r);          % left border

     x=min(x,rect(3)-r);  % right border

     y=max(y,r);          % top border

     y=min(y,rect(4)-r);  % bottom border

     % see if key is depressed

     kdown=kbcheck;

end

Screen(w,'Close')

Animating in response to user input

Here’s a script to test the animation speed and the responsiveness off the mouse.  It will draw the circle centered at the current mouse location, exiting when the mouse is clicked.

[w,rect]=Screen(0,'OpenWindow',[0 0 0]);

r=50;
% radius of circle (pixels)

bdown=0;

while(~any(bdown))

     [x,y,bdown]=getmouse;

     % check borders

     x=max(x,r);          % left border

     x=min(x,rect(3)-r);  % right border

     y=max(y,r);          % top border

     y=min(y,rect(4)-r);  % bottom border

     % draw circle in new position

     Screen(w,'FillOval',[255 255 255],[x-r,y-r,x+r,y+r]);

     Screen(w,'WaitBlanking')

     % erase circle

     Screen(w,'FillOval',[0 0 0],[x-r,y-r,x+r,y+r]);

end

Screen(w,'Close')

You might want to try this script with the erasing line commented out.  Or, have the circle drawn only when the mouse button is down (and exit the program some other way).  You could also draw the circle in a random color each frame.

Trajectory

In order to animate an object with a particular trajectory, you need to know the equations of motion for the object.  That is, we want to be able to determine how far to move the object each frame in the x and y directions.  Here’s a script in which the object moves at a constant velocity, but reflecting off the “walls” of the screen.

bgcolor=[0 0 0];

fgcolor=[255 255 255];

[w,rect]=Screen(0,'OpenWindow',bgcolor);

r=50;            % radius of circle (pixels)

v=10;            % velocity (pixels per frame)

x=rect(3)/2;     % initial x position

y=rect(4)/2;     % initial y position

xmax=rect(3)-r;  % maximum x position

xmin=r;          % minimum x position

ymax=rect(4)-r;  % maximum y position

ymin=r;          % minimum y position

th=2*pi*rand;    % initial direction

dx=v*cos(th);    % x-velocity

dy=v*sin(th);    % y-velocity

kdown=1;

% wait until all keys released

while(kdown)

     kdown=kbcheck;

end

while(~kdown)

     % draw circle in new position

     Screen(w,'FillOval',fgcolor,[x-r,y-r,x+r,y+r]);

     Screen(w,'WaitBlanking')

     % erase circle

     Screen(w,'FillOval',bgcolor,[x-r,y-r,x+r,y+r]);

     % reflect off borders if necessary


     if x+dx > xmax | x+dx < xmin

          dx=-dx;

     end

     if y+dy > ymax | y+dy < ymin

          dy=-dy;

     end

     % compute new position

     x=x+dx;

     y=y+dy;

     % see if key is depressed

     kdown=kbcheck;

end

Screen(w,'Close')
To modify this script to incorporate multiple objects, we have to introduce two new factors.  First, we need to make sure the new objects are not initially drawn on top of each other, and second, we need to make these new objects interact with each other.  You can turn off these collision detections by commenting out the appropriate parts of the code.  Also, try increasing the number of objects and their size until you notice some drawing artifacts.  You might not want to type this whole program in, so you can download it as bounce_n.m.

bgcolor=[0 0 0];

fgcolor=[255 255 255];

[w,rect]=Screen(0,'OpenWindow',bgcolor);

r=50;  % radius of circle (pixels)

v=10; % velocity (pixels per frame)

n=3;   % number of circles to draw

% loop to compute initial positions

% make sure no overlap--exits after too many attempts

loopcount = 0;

exitflag=0;

while(~exitflag & loopcount < 10000)

     exitflag = 1;

     loopcount=loopcount+1;


     x=rand(1,n)*(rect(3)-2*r)+r; % initial x positions

     y=rand(1,n)*(rect(4)-2*r)+r; % initial y positions

     for i=1:n-1

          for j=i+1:n

               if (x(i)-x(j)).^2 + (y(i)-y(j)).^2 < (2*r)^2

                    exitflag = 0;

               end

          end

     end 

end

if loopcount>=10000

     Screen(0,'Close')

     error('cannot find initial positions, reduce r and/or n')

end

xmax=rect(3)-r;    % maximum x position

xmin=r;            % minimum x position

ymax=rect(4)-r;    % maximum y position

ymin=r;            % minimum y position

th=2*pi*rand(1,n); % initial directions

dx=v*cos(th);      % x-velocity

dy=v*sin(th);      % y-velocity

% wait until all keys released

kdown=1;

while(kdown)

     kdown=kbcheck;

end

(Script continued on next page.)

% main animation loop

while(~kdown)

     % draw circles in new position

     for i=1:n

          Screen(w,'FillOval', fgcolor, [x(i)-r,y(i)-r,x(i)+r,y(i)+r]);

     end

     Screen(w,'WaitBlanking')

     % erase circles

     for i=1:n

          Screen(w,'FillOval', bgcolor, [x(i)-r,y(i)-r,x(i)+r,y(i)+r]);

     end

     % reflect off borders if necessary

     newx = x+dx;

     newy = y+dy;

     rx = newx > xmax | newx < xmin;


     dx(rx)=-dx(rx);

     ry = newy > ymax | newy < ymin;

     dy(ry)=-dy(ry);

     % reflect off each other if necessary


     for i=1:n-1

          for j=i+1:n

               if (newx(i)-newx(j)).^2 + (newy(i)-newy(j)).^2 < (2*r)^2

                    % exchange velocities (conservation of momentum)

                    dx([i j]) = dx([j i]);

                    dy([i j]) = dy([j i]);

               end

          end

     end

     x=x+dx; % compute new position

     y=y+dy;


     kdown=kbcheck; % see if key is depressed

end

Screen(w,'Close')

Changing objects

The object that is drawn does not need to be static.  In the orignal single-object script (bounce.m), or in the multiple object script above, make the following substitutions.  Replace the second line with:

bgcolor = [128 128 128];

In the main animation while loop, add this line at the beginning:

fgcolor=[255 255 255]*(1+sin(2*getsecs))/2;

You can modify the oscillation rate of the circle by changing the multiplicative factor on getsecs.   If the color does not oscillate smoothly, make sure your screen is in 32-bit color mode.

Animating images

It is also easy to animate an image (or pattern you create in Matlab) using the Screen CopyWindow function.  Here’s a modified version of the mouse moving script that draws an image instead of a circle.  If the image size is too large, you might notice some jitter (if it takes more than a single frame to copy the image each time).

img=imread('donkey.jpg');

[yimg,ximg,z]=size(img);

[w,rect]=Screen(0,'OpenWindow',[0 0 0]);

sx = 200;          % desired x-size of image (pixels)

sy = yimg*sx/ximg; % desired y-size--keep proportional

wimg = Screen(w,'openoffscreenwindow',0,[0 0 sx sy]);

Screen(wimg,'PutImage',img,[0 0 sx sy]);

bdown=0;

while(~any(bdown))

     [x,y,bdown]=getmouse;

     % check borders

     x=max(x,sx/2);         % left border

     x=min(x,rect(3)-sx/2); % right border

     y=max(y,sy/2);         % top border

     y=min(y,rect(4)-sy/2); % bottom border

     destrect=[x-sx/2,y-sy/2,x+sx/2,y+sy/2];

     % draw image in new position

     Screen('CopyWindow',wimg,w,[],destrect);

     Screen(w,'WaitBlanking')

     % erase image

     Screen(w,'FillRect',[0 0 0],destrect);

end

Screen('CloseAll') % close offscreen windows too

Non-uniform background

We have been erasing the images we’ve drawn using a Screen FillRect command, drawing a rectangle of the same color as the background.  But what if we want to animate something on top of a background that is non-uniform?  The way to do this is to copy the destination section of the background to an offscreen window, copy the image to the destination, then to erase it, copy back the original background section to the destination.  Here’s an example, a modified version of the above script.

% load image

img=imread('donkey.jpg');

[yimg,ximg,z]=size(img);

[w,rect]=Screen(0,'OpenWindow',[0 0 0]);

sx = 200;          % desired x-size of image (pixels)

sy = yimg*sx/ximg; % desired y-size--keep proportional

wimg = Screen(w,'openoffscreenwindow',0,[0 0 sx sy]);

Screen(wimg,'PutImage',img,[0 0 sx sy]);

% fill screen with colored circles

n=1000; % number of circles to draw

r=20;   % radius of circle

x=rand(1,n)*rect(3);

y=rand(1,n)*rect(4);

colors = 256*rand(n,3);

for i=1:n

     Screen(w,'FillOval',colors(i,:),[x(i)-r,y(i)-r,x(i)+r,y(i)+r]);

end

wbg = Screen(w,'openoffscreenwindow',0,[0 0 sx sy]);

bdown=0;

while(~any(bdown))

     [x,y,bdown]=getmouse;

     % check borders

     x=max(x,sx/2);         % left border

     x=min(x,rect(3)-sx/2); % right border

     y=max(y,sy/2);         % top border

     y=min(y,rect(4)-sy/2); % bottom border

     destrect=[x-sx/2,y-sy/2,x+sx/2,y+sy/2];

     % copy background to scratchpad

     Screen('CopyWindow',w,wbg,destrect,[]);

     % draw image in new position

     Screen('CopyWindow',wimg,w,[],destrect);

     Screen(w,'WaitBlanking')

     % restore background

     Screen('CopyWindow',wbg,w,[],destrect);

end

Screen('CloseAll')
Since three calls to Screen CopyWindow are required, you may find your computer speed to be more limiting in the size of the image that you can draw.  Try increasing the size sx until you notice some artifacts.
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