MCS 320 Introduction to Symbolic Computation Spring 2003

6. Images and Movies in MATLAB

Images are represented as three dimensional matrices: for every point we store with its coordinates (z,y)
the red, green, and blue intensities. The animations in MATLAB are more like real movies, as we can
adjust the position and aim of the camera.

6.1 Images in MATLAB

From the website of this course, you can download the image “easter-egg.jpg”, using the web address
http://www.math.uic.edu/~jan/mcs320/easter-egg. jpg

To load and display an image in MATLAB, we type the following sequence of commands:
>> x = imread('h:\easter—egg.jpg’); enter
>> image(x) enter
>> axis of f enter
If we type size(x), we see three numbers, the dimensions of the three dimensional matrix. In particular,

x is a m X n X 3 matrix, the elements in z(:,:, 1) are the red intensities, x(:,:,2) are the green intensities,
and z(:,:,3) are the blue intensities.

For example, to remove the blue intensities, we can do the following :

>> noblue = x; enter
>> noblue(:,:,3) = zeros(size(z, 1), size(z,2)); enter
>> image(noblue); enter

The entries in x are unsigned 8-bit integers, whereas the operations for MATLAB are mainly done with
doubles. Therefore, we need to convert to doubles before we manipulate the images:

>> dx = double(x) % convert to double enter
>>y = uint8(dxr) % convert to unsigned 8 — bit integer enter
>> image(y) % same image as before enter

We can make the picture more blue by multiplying the blue intensities with the factor 1.5:

>> moreblue(:,:, 1) = z(:,:, 1); enter
>> moreblue(:,:,2) = x(:,:,2); enter
>> moreblue(:,:,3) = dx(:,:,3) x 1.5; enter
>> image(uint8(moreblue)); enter

Assigning the red, green, and blue intensities to their average, we obtain a gray scale picture:

>> gy = (dz(:y:, 1) + dx(:,:,2) + dz(s, 1, 3)) /35 enter

>>y( 1) = gy; enter
>>y(:,1,2) = gy; enter
>>y(:,:,3) = gy; enter

>> zmage(umt8(y))§ enter

By selection of submatrices and the proper choice of axes, we can zoom the picture.

We can encrypt a message by multiplying the red, green, and blue intensities with a random matrix.
To decrypt we then multiply with the inverse of that random matrix. Assuming we loaded the image into
x, we generate a blurring matrix as follows:

>> blur = randn(size(x,1)); % matrix to blur enter
>> key = inv(blur); % matrix to reconstruct image enter

To encrypt or decrypt we can use the m-file crypto:
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function y = crypto ( ¢, i)

% returns either blurred or reconstructed image
y(i,:,1) = c*xi(:,:,1);
y(:,:,2) = c*xi(:,:,2);
y(:,:,3) = c*i(:,:,3);

Here is how we use crypto :

>> bx = crypto(blur, double(x)); % bz is matrix of doubles enter
>> y = crypto(key, bx); % restore original image  enter
>> image(uint8(y)); % display to verify enter

6.2 Movies in MATLAB

Storing several plots as frames in a movie allows us to make animations. An extra feature of MATLAB is
that it allows to adjust the viewpoint.

6.2.1 Position and Aim the Camera

The graphics in MATLAB offer some direct tools to create interesting views of a surface. We illustrate
these features on the logo of MATLAB. In the sequence of instructions below we first search to locate the
position and target of the camera. We do this on the global view. In the other subplot we ask MATLAB
to generate the picture from those camera positions.

>> subplot(2,1,1) % global view enter
>> membrane % logo of MATLAB enter
>> hold on enter
>> zlabel('z"); ylabel('y'); zlabel ('z"); % useful for positioning enter
>>s=[-0.910.2]; % start position enter
>> plot3(s(1),s(2),s(3)," r+'); % mark start on plot enter
>>p=[0.50.0 1.1]; % peak of membrane enter
>> plot3(p(1),p(2), p(3), bx'); % mark peak on plot enter
>> subplot(2,1,2) % create local view enter
>> membrane enter
>> hold on enter
>> set(gea,” CameraPosition’, s) % place the camera enter
>> set(gea,” CameraTarget’,p) % aim the camera enter
>> set(gca,’ Projection’,’ Perspective’) % perspective view enter

The command gca returns a handle to the current axis in the current figure. To see all properties of the
current graphical object, we invoke get(gca). With set we can set the properties of objects. In the three
set instructions above we set the position of the camera at one corner of the plane field of the membrane,
aim the camera towards the peak of the membrane, and create a perspective view.

Since the positioning may involve some trial and error, we better put our instructions in a script.

6.2.2 Make a Movie

With the settings of start and peak as above, we make a movie to simulate what you would see if you were
walking on the plane field towards the peak of the membrane.

First we must decide on the number of frames and give this number as argument to the the command
moviein. The result of this command is assigned to the name of the movie. Then we make a plot for
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each frame and invoke the command getframe to store the plot into the movie. For a generic plot with
10 frames, we create a movie like

>> M = moviein(10); % movie in 10 frames enter
>> fori=1:10 % create the frames  enter
plot commands for current frame enter
M(:,i) = getframe % store the frame enter

end, enter

>> movie(M) % play the movie enter

With the command movie we can play the movie as many times as we like at various speeds (as fast as
your machine allows).

For the example with the MATLAB logo, we execute the following sequence of commands (using the
s and p we defined earlier) :

>> figure % open new window enter
>> topeak = moviein(100); % 100 frames in movie enter
>> membrane % make first plot enter
>> set(gea,’ CameraPosition’, s); enter
>> set(gca,” CameraTarget’, p); enter
>> set(gca,’ Projection’,’ Perspective'); enter
>> topeak(:,1) = get frame; % first frame of movie enter
>>dt = 0.01; % increment for positions enter
>> fori=2:100 % create other frames enter
s(1) = s(1) + dt; % move x coordinate of start enter

s(2) = s(2) + 0.5 = dt; % move y coordinate of start enter

p(3) = p(3) + dt; % aim camera higher enter
set(gea,’ CamemPosztwn ,8); enter
set(gea,’ CamemTarget',p) enter
set(gea,’ Projection',’ Perspective’) enter
topeak(:,i) = get frame; % store the frame enter

end; enter

)

As the loop to create the frames in the movie is executed, we see the movie playing. After creation, we
can play the movie by the command

>> movie(topeak); % play the movie enter

6.3 Assignments

1. Make a sequel to the movie topeak above that leaves the plane field of the membrane and climbs up
to the peak.

2. Type in the following commands

>> [z,y, 2] = peaks; enter
>> plot3(z,y, 2); enter

(a) Set up the camera position at the far most left corner and aim at one of the peaks. Make a
perspective view with those camera positions.

(b) Make a movie of what you would see if you were walking on the surface from one corner to one
of the peaks (or valleys).
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3. Consider the surface z = 23 — 3zy?.

—
Q

) Make a plot over the grid [—1,1] x [-1,1]. (see handout on Making Plots with MATLAB).

(b) Make a perspective view from close above the origin, looking at one of the higher sides.

—
o
~

With the camera positioned slightly above the origin, move the target position around to make
a movie of the surface, as if you were looking in all directions.

(d) Make a movie of what you might see if you were an ant crawling over the surface. Start close
to the origin and crawl up to one of the higher places on the surface.
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