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3-D Visualization in Matlab:
A Guide for High School Teachers
Introduction

Matlab is a numerical computing tool that performs mathematical operations on matrices.  It also has a wide variety graphing capabilities that set it apart from other computing tools.  By storing data in matrices, you can take advantage of Matlab’s graphing abilities. The following guide demonstrates how to use Matlab to plot curves and surfaces in 3-space.  Should you encounter any problems, contact The MathWorks’ Support Hotline at 508-647-7000. 

Outline:
1. Getting Started in Matlab

2. Plotting curves in 3-D:

2.1. Generate vectors containing data

2.2. Plot the data

2.3. Add labels and adjust axes

3. Plotting surfaces in 3-D:

3.1. Generate matrices containing data

3.2. Plot the data

3.3. Add labels and adjust axes

4. Adjusting Figures

Before you begin
This tutorial outlines the graphing process for Windows users.  If you are a Mac or Linux user, you can still read this guide to learn the overall graphing process, but note that your graphing process may differ slightly.

Make sure that you have Matlab version 7.0.4 or higher installed on your computer.  Earlier versions of Matlab may not have all of the graphing capabilities mentioned in this tutorial.  To purchase Matlab, contact The MathWorks at (508) 647-7000. 
Previous knowledge or experience in Matlab is not a prerequisite for this tutorial.  This tutorial, however, assumes the reader has a strong mathematical background and is comfortable using a computer.

Getting Started in Matlab
1. Double-click the Matlab icon on your desktop (Figure 1) to open Matlab.  If the icon is not on your desktop, open Matlab from the start menu.
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Matlab’s display contains several windows:
The Command Window

You can run Matlab commands in the Command Window. To run a command in the Command Window, type the command and press the Enter key. Any commands entered into the Command Window cannot be saved between sessions. Think of the Command Window as scratch paper. You can use it to test a piece of code, but once you find a solution, you will rewrite the code somewhere else. For this reason, do not write complete programs in the Command Window.
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The Command History Window

The Command History Window keeps a log of the commands entered into the Command Window during a session.  If you double-click on a command listed in the Command History Window, Matlab re-enters the command into the Command Window.

The Current Directory Window
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- x=[0, .1, .2, .3, .4, .5, .6, .7, .8, .9, 1];
- (0, .1, .2, .3, .4, .5, .6, .7, .8, .9, 1];
- zmcos(x)+sin(y);

- plot3(x,y,z, tel):

- title('Sample Graph')
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The Current Directory Window displays all of the files saved under your current directory. Your current directory is the part of the computer’s memory where Matlab expects to find files that you open, save, or run.
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2. Create a Program File (m-File)
2.1. Click the New m-File icon located at the top left corner of Matlab. This icon resembles a sheet of paper with one corner turned down (Figure 3). Clicking on this icon opens the Editor Window.

The Editor Window
You can type commands into the Editor Window.  The Editor Window does not run code when you hit the Enter key, so you can enter multiple lines of code into the Editor Window before running any of the code. Unlike the Command Window, code typed into the Editor Window can be saved for future use (see Step 3 of this section). For this reason, you should use the Editor Window to write programs. 




3. Save the File
3.1. In the upper left corner of the Editor window, click File and then select Save As.
A new window appears.  This window is the same window you would see if you tried saving a Microsoft Office document. You need to specify the file’s name, the file type, and the file’s directory.  You can specify the file name and directory just like you would when saving a Microsoft Office document. Matlab programs, however, must be saved as m-Files.


3.2. Click the down arrow on the menu bar titled “Save as type.”
3.3. Select .m.  M-files are text files that contain Matlab commands.
4.  Run the Code

4.1. Press the run button (see Figure 3) at the top of the Editor Window. This button resembles a sheet of paper next to a down arrow. Matlab runs every line of code that is in your program file.

Now you are ready to begin writing programs in Matlab,
Plotting Curves in 3-Space
Matlab can visualize a curve in 3-space by plotting specific points on the curve. To plot a curve in Matlab, you need to supply the coordinates of several points on the curve.  Make sure that the sample of points you choose will adequately represent the shape of the curve.  If you choose too few points, the curve may look distorted. 
In this process, you need to generate 3 matrices: one that contains x-coordinates, one that contains the y-coordinates, and one that contains z-coordinates. Matlab forms xyz triplets according to each value’s position in the matrix.  For example, the first xyz triplet will contain the first element of the x matrix, the first element of the y matrix, and the first element of the z matrix. 

1. Create a new m-file (see step 2 under “Getting Started in Matlab”).

2. Generate data:
2.1. Type x= [x1,x2,x3,…,xn]; into the editor window, where x1, x2, x3, …, xn are your x data points. Hit the Enter key.
2.2. Type y=[y1,y2,y3,…,yn]; into the editor window, where y1, y2, y3, …, yn are your corresponding y data points. Hit the Enter key.
2.3. If you have a list of z data points, type z=[z1,z2,z3,…,zn]; into the editor window, where z1,z2,z3,…,zn are your z data points. Hit the Enter key. 

2.4. If you have an equation for z as a function of x and y, Matlab can generate z data points for you.  Type z=your equation here; into the editor window and hit the Enter key. 
You already defined the matrices x and y, which contain the all of the x and y data points.  In your equation for z, you can refer to the x and y data points using the matrices x and y. Here is a list of Matlab syntax for some common mathematical operators:
	Mathematical Operator
	Matlab Syntax

	a+b
	a+b

	a-b
	a-b

	ab
	a.*b

	a/b
	a./b

	ea
	exp(a)

	ab
	a.^b

	√a 
	sqrt(a)

	sin(a)
	sin(a)

	cos(a)
	cos(a)

	tan(a)
	tan(a)


3. Plot the Data
3.1. At the end of your code, enter the command plot3(x,y,z,style)and hit the Enter key.  
To emphasize, when you type x, y, or z, Matlab refers to the x, y, and z matrices you created in step 2 of this section. You need edit style to describe how Matlab should plot points. If you enter plot3(x, y, z), Matlab returns a solid blue line. The following are common plotting styles:

	
	
	Colors
	
	

	
	Red
	Blue
	Green
	Cyan

	Matlab Syntax
	 'r'
	 'b'
	 'g'
	 'c'

	
	 
	
	
	

	
	
	Point Styles
	
	

	
	Periods
	Stars
	Squares
	Circles

	Matlab Syntax
	 '.'
	 '*'
	 's'
	 'o'

	
	 
	
	
	

	
	
	Line Styles
	
	

	
	Solid
	Dashed
	Dotted
	Dahsed/Dotted

	Matlab Syntax
	 '-'
	 '--'
	 ':'
	 '-.'


You can also combine plotting styles. Put the style types between single quotations. For example, plot3(x,y,z,‘.r’) plots red points while plot3(x,y,z,‘*-g’) plots green stars connected by a solid line.
4. Adjust the axes (optional)
4.1. To remove the axes, type axis off into the editor window. To bring them back, type axis on.
4.2. To specify the range of each axis, type 
axis([xmin xmax ymin ymax zmin zmax])
xmin is the lower bound of the x-axis and xmax is the upper bound of the x-axis. ymin, ymax, zmin, zmax follow similarly.
4.3. To set the range of each axis to the range of your data, type axis tight;
5. Add labels (optional)

5.1. Type xlabel(‘your label’) to display your label along the x-axis
5.2. Type ylabel(‘your label’) to display your label along the y-axis
5.3. Type zlabel(‘your label’) to display your label along the z-axis
5.4. Type title(‘your title’) to add your title to the graph.
6. Run your program file (see step 4 of “Getting Started in Matlab”)
7. The Figure Window should display your plot. If not, check to see that you entered all code correctly.



.

Plotting Surfaces in 3-Space
Three-dimensional surfaces float over a region in the xy-plane.  We cannot plot the surface over every point in that region because there would be an infinite number of points to plot.  However, we can plot the surface over a sample of points in that region to produce an accurate visual representation of the surface.    
1. Pick a region in the xy-plane over which you want to plot the surface. To reduce the amount of code you need to type, pick either a rectangular or square region. In this case, x is restricted to values between xmin and xmax while y is restricted to values between ymin and ymax.



2. Create a grid by dividing both the x and y ranges into smaller segments (Figure 5).

The intersection of the gridlines (shown in red) are the sample x and y points for the region. If you do not select enough x and y points, you will not accurately sample the region, and thus, the graph may be distorted. 

If you provide the x gridline values and the y gridline values, Matlab can create matrices containing the coordinates for every point of intersection.
3. Generate data
3.1. Type x=[x1, x2, x3, …, xn]; into the editor window, where x1, x2, x3, …, xn are the values of the x-gridlines. Hit the Enter key.

You can save time by typing x=linspace(xmin, xmax, xnum);.  This creates xnum linearly spaced points between xmin and xmax.

3.2. Type y=[y1, y2, y3, …, yn]; into the editor window, where y1, y2, y3, …, yn are the values of the y-gridlines. Hit the Enter key.

3.3. Type [X,Y]=meshgrid(x,y); and hit the Enter key.
The meshgrid command creates the grid shown in Figure 5 and finds the points of intersection. It stores every x-coordinate in X and every corresponding y-coordinate in Y. This command is the easiest way to generate the coordinates for the points of intersection.

.
3.4. You have an equation for z as a function of x and y.  Type your equation z=your equation here; into the editor window, using the syntax in step 2d of Plotting Curves in 3-Space. 


4. Plot the surface.
Select one of the plotting styles listed below and type the command at the end of your program.

	Command
	Description
	 
	Example
	 

	mesh(z)
	
Creates a 3-D wire frame of the surface
	 
	 
	 

	surf(z)
	

Creates a 3-D solid surface with a wire frame
	 
	 
	 

	
contour(z)
	Plots the level curves of z in the xy plane
	
	
	 

	surfc(z)
	Plots a solid surface (with wire frame) and the level curves of z
	 
	 
	 

	 
	 
	
	
	 

	 
	 
	
	
	 

	imagesc(z)
	Plots the surface in the xy-plane with z values represented by different colors. Large values of z   are red while small values are blue. This is similar to a thermal map.
	
	
	 

	 
	 
	 
	 
	 


5. Add labels and adjust axes (see steps 4-5 under Plotting Curves in 3-Space)
Both the contour and imagesc plotting styles plot only in the xy plane. Thus, you cannot use the zlabel command in conjunction with these plotting styles.  If you use either of these styles, the axis command must also be modified to axis([xmin xmax ymin ymax]).
Adjusting Figures
6. Zoom
6.1. Matlab lets you zoom in on a particular portion of the graph.

6.1.1. At the top bar of the Figure Window, click on the Magnification Tool icon (Figure 3). This changes your cursor to a magnifying glass.

6.1.2. Hover the magnifying glass over the portion of the graph you wish to examine more closely.  Click on this part of the graph.
6.2. Rotate the graph

6.2.1. Select the Rotate Figure button at the top of the Figure Window (see Figure 4). This changes your pointer to a circular arrow.
6.2.2. Click on the graph and drag the cursor to rotate the figure.  
Examples
1. Plotting a Curve in 3-Space

1.1. Plot the curve z=cos(x)+sin(y) for values of x and y between 0 and 1.  Plot cyan stars that are connected by a line.

Solution:

x=[0, .1, .2, .3, .4, .5, .6, .7, .8, .9, 1];

y=[0, .1, .2, .3, .4, .5, .6, .7, .8, .9, 1];

z=cos(x)+sin(y);

plot3(x,y,z, ‘-*c’);

title(‘Sample Graph’)


This code creates the graph displayed in Figure 4. 

2. Plotting a Surface in 3-Space

2.1. Plot the surface Z=sin(x)+cos(y) over the region 0≤x ≤4 and 0≤y ≤4 


Solution:

x=linspace(0,4,200);

y=linspace(0,4,200);

[X,Y]=meshgrid(x,y);

z=sin(X)+cos(Y);

surf(z)
This code creates the image to the right.
Conclusion

You have finished this brief Matlab tutorial.  Matlab can visualize 3-dimensional data in a variety ways.  Do not, however, think that Matlab can only create the graphs mentioned in this tutorial; Matlab has an expansive collection of graphing types beyond the scope of this tutorial.  Explore Matlab’s help feature to learn about its other graphing capabilities.
Command Window





Note: To run a program, the file needs to be saved under the current directory. To change the current directory, locate the Current Directory menu bar at the top of the Matlab window (see Figure 2).





WARNING: Using x and y in your equation for z will not plot the entire surface because x and y do not contain all of the xy pairs in the region you wish to plot. You need to use X and Y in your equation for z.
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Figure 2: Breakdown of Matlab’s layout.
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Figure 3: The Editor Window





WARNING: Code entered into the Command Window cannot be saved for future use.





Note: If you do not select enough x and y points, you will not accurately sample the region of points in the xy-plane.  Sampling too few points distorts the surface’s shape.
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Note: Save Matlab files as m-Files





Figure 1: Matlab desktop icon





Figure 4: The Figure Window
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Figure 5: Creating a grid in the xy-plane
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