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Matlab program can be used to make computations and calculations, to run self-made and already existing
program listings (macros) and functions, read table-formed data and sound signals for analysing and create
tables and sound files. Matlab is an efficient tool for computing vector, matrix and complex number
calculations.

Effective usage of Matlab requires the purchasing of additional toolboxes. Some additional toolboxes, e.g.
Signal Processing Toolbox, are available on the computers used in the laboratory works of the course
Signals and Systems. Therefore, the analysing and producing the signals is easy. Also "Simulink", the
simulation tool of Matlab, can be purchased. With help of Simulink you can construct complete systems from
smaller sub-systems. These blocks are connected to each other by wiring them with mouse. Simulink is
installed on used computers, too.

1. Matlab —short guide

1. Starting up the Matlab:

a) Double-click the Matlab —shortcut @ with the left mouse button OR
from Start-menu — Programs — Matlab.

b) Wait a moment. Matlab takes a while to start up.

c) The window like in figure 1 will open on the screen. The window consists of the Command prompt,
Toolboxes or Workspace and Current directory or Command history -parts and some useful
shortcuts. NOTE! If the window doesn't look like this you can restore the default settings by
View - Desktop Layout - Default.
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Figure 1. Default Matlab window.
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2. You will be able to run the m-files needed in Laboratory works by changing the path that the assistant
gives you in the Current Directory window of Matlab (see "Current Directory” in figure 1). This can also be
done at the Toolbar’s “Current Directory” field.

3. An m-file can be opened for example by double-clicking the wanted filename in the Current Directory

window or by writing "edit filename" at the Command Prompt. This requires that the Current Directory is
selected right.

4. An m-file is run at the Command Prompt by entering the name of the m-file. Remember to save the
changes in m-file and check the Current Directory to be right before running the m-file.

5. During the Laboratory works you will have to print quite a lot of graphs and program listings. You can print

by clicking the print -button & or selecting the Print command from File-menu. Before printing, check that
the print settings are fine and the correct printer is selected. If the graph you are about to print seems to be
proper enough, select Page setup from File-menu and choose Size and Position. Click the Fill page -button
and Ok so that the figure is printed in the size of the paper. Moreover, you can check how the printed version
will look like by selecting Print preview from File-menu. At the end, choose Print.

6. Ending the Laboratory work. Check that you have printed the needed graphs and program listings. Close
the figure windows and macros. Enter “exit” at the Command Prompt or click the cross in the upper right
corner of Matlab window.

2. The parts of Matlab window

Command Window

You can try using the Command Prompt for example by entering the functions:

x = log(10)
y = sin(pi*x)/(pi*x) (By the way what is the name of this function?)
z = x*(2-31)

After you have done this, the command window should look like the following (figure 2). If the
semicolon ";" is typed at the end of the row, Matlab computes the line without showing the result. If

you want to clear the Command window (Command Prompt) select Clear Command Window from
Edit-menu.

<) Command Window =] B3
File Edit “iew ‘web ‘Window Help
=
== x=log(l0)
¥ =
2.3026
> ¥ = sin(pi*x)/ipi*x)
¥ =
0.1125
> m o= x*(2-3i)
z =
4.6052 - 6.90781
ps 1
-
4 | 2
Ready

Figure 2. An example view of the Command window.
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Launch Pad is a sub-window where all the Toolboxes currently installed in Matlab can be seen. There
is e.g. Signal Processing Toolbox available on the computers used in the Laboratory works. You can
browse the toolboxes by clicking the icons with the mouse. Via browsing this sub-window you will find
all the instructions, examples, and existing functions that are included in Matlab. Learning to search

information from this window is useful.
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Figure 3. Toolboxes.

Workspace

In the Workspace sub-window the currently existing variables, their dimensions, and types can be
seen. The window is got present by clicking Workspace with the mouse (see figure 1). You can call or
edit the present variables whenever needed while the session. If you want to clear the Workspace
choose Clear Workspace from Edit-menu or type "clear all" and enter at the Command Prompt.

<) Workspace =]

File  Edit “iew ‘web ‘window Help

= W | B B s[5

Ready

Name Jize Bvytes Class=
|@x 1x1 g double array
@Y 1=x1 g double array
@z 1xl 16 double array (cC

Figure 4. Workspace.
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Command History

The history of the recently used commands can be checked from the Command History window (see
figure 1). By double-clicking on a command, Matlab executes it again. A more clever way to browse
through and re-execute the previously entered commands is to use the arrow-keys (up and down).
Matlab executes the command after enter keystroke and therefore, the commands can also be edited
before execution. This feature is extremely useful when you have to execute the same command (or a
slightly changed version of it) plenty of times. If you need to clear this window, just select Clear
Command History from the Edit-menu.

<} Command History M=l E3

File Edit “iew ‘web ‘Window Help

F-- 10:45 &M 1709702 --%
x=log(lO)

¥ = sinipi®=)/(pi*x]

Z = ®¥(2-31)

Ready

Figure 5. An example of Command History.
Current Directory

In Current Directory window the files and folders can be searched, opened for editing, deleted etc. If
you heed to run a certain m-file (macro), you will have to define the path where the macro exists in the
Current Directory window. For instance, the assistant might announce that the files used in the
Laboratory work are located on the hard disk D in the directory courses\signals_and_systems\lab3\ so
you have to define the directory in Current Directory window to be
D:\courses\signals_and_systems\lab3\. In that case the window will show the files located in the last
directory of the path (lab3). The window could look like the following. You don't have to type the whole
pathname but instead you can browse the needed directory from the toolbar's Current Directory field
(see figure 1).

<} Current Directory - (O]
File Edt “iew “Web Window Help
ID:\Kurssit.\Sig‘naalitjajarjestelmat\LahraS :I J‘ £ | i li |

All files |File Type |Last Modified |Descriptian
ideall.m N-file 12-Feb-2001 01:09 PM TEFNILLINEN ]41
lmnvnloi.m n-file £0-Feb-2001 04:12 PM Teknillinen k
sarnDl.m N-file 12-Feb-2001 12:07 PM 35-72.060 3ign
stat.Dl.m N-file 1Z-Feb-2001 1Z:0% PM Teknillinen k
« | i
Select an M or MAT file to display information here. il
4| | v
Ready

Figure 6. An example of Current Directory -view.
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3. M-files

It is not clever to execute long entities (e.g. functions or large amount of consecutive commands) by
typing all the commands at the Command Prompt. In such case, it's handy to use m-files (macros). M-
file is simply a text file that has .m as file extension. M-files can be used to build up own functions and
program listings. After the m-file has been saved, it can be run for example by entering the name of
the file in the Command Prompt. In this course you'll have to use some ready-made macros, which
can be found in the directory that the assistant gives you. If you have defined the Current Directory to
be the one where the macros exist, you can open the macro by double-clicking on it in the Current
Directory window. Another possibility is to enter "edit filename" at the Command Prompt. Of
course there are some other ways to open the files e.g. File-menu — Open... or toolbar's Open

shortcut L= .

4. Useful hints and tips

1. Use the arrow-keys (up and down) to browse and re-execute the commands (this is explaned more
in details in "2 The parts of Matlab window - Command History").

2. With command "Alt + Tab" you can switch between the windows that are currently open in
Windows (e.g. Matlab Editor, Plot window, Matlab main window etc.). So keep the Alt-key pressed
and push the Tab-key as many times until the "cursor" is pointing the wanted window.

3. When examining the graphs, use the "Zoom"-command. With Zoom you can focus the area of the
graph that is interesting and therefore, you get more accurate anrwers and results. In figure 7 there is
an example of a plot that has appeared as a result of running an m-file. The Zoom (magnifying glass)
is on in the plot. You can zoom the wanted graph by focusing the mouse cursor at one corner of the
wanted area (the corner has to be in the white area of the graph) and pushing the left mouse button
(keeping it pushed) and draging the cursor to another corner of the area (this corner can be outside of
the white area). After that, release the mouse button and the zoom is done. If the zooming operation
failed, double-click on the graph so you get back to original situation.
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Figure 7. An example of a Zoom situation.
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4. If you need information of some Matlab command or function enter "help command" in Command
Prompt. That tells you about the arguments and use of the command.

5. If an error occurs, the following reasons are noticed to be the most common ones:

a) comma is typed in decimal number instead of dot

b) ’instead of ' used (i.e. the right one is got from the same key as the asterisk character *)

c) the number of prentheses doesn't match or wrong kind of parentheses used

d) command in a wrong place

e) the same parameter or variable is defined again in a lower row

f) The length of a vector isn't correct. Check the length of the vector x by entering "length(x)"
in the Command Prompt. Call the assistant if the length is somehow wrong.

g) 1 minute instead of 1 second sound sample is recorded in GoldWave. The format of the
sound sample may be stereo even though it should be mono. A suitable value for the
sampling rate is 22050 Hz.

h) Always remember to update the title information of the graphs so that later you can examine
the plots reliably. The titles are changed in rows "title("subject”)" of m-files.

i) The macro is saved in a wrong place (not to one that assistant gave you).

i) Itis possible that Matlab starts to do something strange or just stops to do anything. In that
case restart Matlab.

If these acts doesn't work, ask help from the assistant.

5. Using Help window

The Help window can be opened from Matlab's Help-menu - Matlab Help or by entering
"helpbrowser" at the Command Prompt. After that the Help window shown in figure 8 appears.

i) Help =1 B3
File Edit “iew Go ‘Web “Window Help
Help Mavigator x|
roduct fiter: @ &l € Selected  Select... ‘ » * | é |Flnd i ﬂl
| MATLAB Top Page =] addto Favorites |
Cortents | Index | Search | Favori -
B R — R o a d m a p —
ﬁ Begin Here 1=
% R12 Release Notes MATLAB
Sl AMATLAB
[l Getting Started [¥ Learning MATLAB
[ Using MATLAB
@ Reference # Getting Started - introduction to MATLAB.
@ Printable Dacumenta # Lsing MATLAR - user guides for all of MATLAB.
[ Product Page (Weh) # ndex of Docurmentation Exarnples - major examples inthe
]_@ Simulink MATLAB documentation.
i Real-Time Warkshop |

% CDMA Referance Blocks: [E Finding Functions and Properties
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E

E

E

E

E * MATLAB Functions Listed by Category - browse MATLAB
[+ Contral System Toolbox

E
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functions by category.

o~ Data Acquisition Toolbox Ifyou know the function nare:

+—df DSP Blockset © Click Search in the Help Browser's left pane

+—o Financial Toolbax < Select Function Name for the type of search

]—Q Fuzzy Logic Toolbox O Enter the name ofthe function in the Search for field

[+ Imane Processing Toolbd‘ and click Go. =

<| i » ‘| =
Ready

Figure 8. Help window.
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If you are seeking some information of a Matlab function, command "helpwin” opens the same kind

of Help window in which the sub-window on the right shows the different groups of functions (figure

9). If you are looking for information of a certain function, type “helpwin command” at the Command

Prompt. For example, you want to know what does the command “square” do, enter “helpwin

square” to get the information just about that function.

Y - | =) |Findinpage'l—ﬂ|

| M-File Help: Default Topics

HELP topics

matlab'general o
matlahyops =
matlabylang o
matlahyelmat =
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watlaby funfun o
matlahysparfun =
watlabbgraphad o
matlab'gqraphid =
watlab'specgraph o
matlab\graphics =
watlabiuitools o
matlab'strfun =
matlabbiofun o
matlabtimefun =
wmatlabtdatatypes o
matlab\werctrl -
]
|

General purpose commands.
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Specialized math functions.

Matrix functions - mmerical linear algebr
Data analysis and Fourier transforms.
Audio support.

Interpolation and polynomials.

Function functions and ODE =solvers.

Sparse matrices.

Two dimensional graphs.

Three dimensional graphs.

Specialized graphs.

Handle Graphics.

Graphical user interface tools.

Character strings.

File input/output.

Time and dates.

Data types and structures.

Version control. |

x| Addto Favorites |

Default Tapics|

[

Figure 9. The command "he lpwin” shows the names of the function groups.

Help Mavigator

x|

*roduct fiter: & Al Selected  Select... |

4 - | =] |Findinpage:|geﬂing help

00|

Caonterts I Index. Search | Farworite

Search type: IFunc{ion M. vI Tipsl
Search for: Isquare vI -

Function

K

Product

al Proc

i

| Sighal Processing Toolbox sguare

Signal Processing Toolbox
square

Geherate a sguare wave.
Syntax

® = Square(t)
® = sruare (t,duty)

Description

x = square(t) generates a square wave with petiod 2 4 for the
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Figure 10. Help Navigator — Search.
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On the left side of the Help window in figure 8, there is a sub-window named Help Navigator. With
Help Navigator, you can search information from the menu. At Contents-sheet you can browse Help-
menu, but finding information may be difficult in here. Easier way might be to choose Search-sheet
from the Help Navigator (figure 10). If you write the name of the function in the “Search for” —field and
select "Function Name” in the “Search type” —field, available information about the function will
appear in the right sub-window. At Index-sheet you are able to enter a free entry. You can add the
Help pages of interest to your “Favorites” by clicking “Add to Favorites” —button at such a page. Your
Favorites can be found in the Help Navigator's Favorites-sheet.

FINALLY, READ THE FOLLOWING INSTRUCTIONS BEFORE YOU CONTINUE!

Type all the Matlab commands as lowercase letters even though in Matlab Help they are often typed as
capital letters. Instead of that the name of a variable can be e.g. HUT, hut or Hut.

Ensure that you don’t save the m-files as the already existing functions, e.g. square. Good advice is to save
own m-files as a name containing numbers, e.g. square0l1.m etc.

Sometimes you may leave a variable undefined in an m-file. However, you may use that undefined variable
(let's say f) in a formula in m-file. In this case you can define the value of f at the Command Prompt and the
macro will get the value of f from Workspace.

The variables of executed macros and commands can be checked at the Command Prompt by typing the
name of the variable. The commands entered at the Command Prompt can be browsed using the up and
down arrow-keys. These features save you from unnecessary work! With "clear” -command you can clear
the variables from memory. With close all —command all figures are removed.

There is a command named "function” in Matlab. Using that command you are able to define you own
functions. For example you may make function log2, which computes the logarithm of base 2 of a number. If
you will use Matlab even little more than in these Laboratory works, it's strongly recommended to get familiar
with this feature (but not right now).

Matlab handles the "analog” signals as discrete (in x- as well as y-dimension). FFT doesn’t equal to true
Fourier Transform. So there is always some error present. In these Laboratory works the signals are tried to
make as accurate as possible so that the phenomena taught on the course can be found.

Matlab and many other simulation and computation tools are extremely useful for engineers. However, the
use of these tools requires good knowledge of the things to be simulated so to be sure of the results. If the
engineer doesn’'t master the tool, the consequences might be horrifying. Imagine if an engineer designs
using his/her reliable simulation tool the need of GSM base stations of a certain area to be 100 (e.g. a
200 000 €), but the true need is only 10. Not good. An engineer is a person who is able to design the
simulation tools itself!!

In science, there are healthy suspects of everything. Because of that, it is useful to have a thought if Matlab
computed this (a thing under examination) right or is there something that wasn't taken account. Could the
simulation be more reliable or accurate if | repeat the simulation e.g. 10 times. Etc, etc...
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