APPENDIX A: MATLAB Introduction

Introduction

MathWorks describes their software package MATLAB -

“MATLABZ® is the high-level language and interactive environment used by millions of engineers and scientists worldwide.
It lets you explore and visualize ideas and collaborate across disciplines including signal and image processing,
communications, control systems, and computational finance.”

During the lab you will be using MATLAB to create plots, control and read data from the bench equipment, simple computations,
and for the brave as an interface with the Arduino. Let’s start by using this powerful computational resource as a spreadsheet.
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Creating Plots in MATLAB

Introduction

MATLAB is a extremely powerful (if inelegant) computational and educational environment as you will come to understand as
you use it more. For the ECE 110 lab you will primarily be using it to create easy to interpret graphs, as an automated interface
to your bench equipment making tasks like find IV curves much faster, and as an interface to the Arduino microcontroller. This
appendix introduces step-by-step how to generate graphs using two of the simpler methods.

The first method is to just use the working environment to input data by hand and use MATLAB in the same way you would use
Excel — as a spreadsheet. The second method is more commonly used - graphing is usually done using MATLAB functions and
variables either by entering them using the command line interface or by entering all of the commands into a script file so you
only need to write the commands once.

Notes:



Notes:

Using MATLAB as a spreadsheet

Entering data using the workspace window

Step 1: create a new variable
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Notes:

Entering data using the workspace window

Step 2: enter data
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Data plotting using the workspace window

Step 1: choose plot type

Notes:

2. click the arrow beside the menu option plot(IVcurve) to
bring down plot menu

Workspace /

X a D
® M & & B Stack: | Base plot(IVcurve) -
Name & Value Min Max
FH Iveurve <11x2 double>
’ Q Search for all plots
/ [ Plots for: IVcurve  All plots |
1. In the workspace window make sure a Eavodtes 6 ] _
the variable IV curve is selected plot(IVcurve) <\;\v\?’ choose the 2-D line graph option
2-D line graph using linear axes
bar(IVcurve) *
Bar graph
area(lVcurve) *

Filled area plot

pie(IVcurve) *
Pie chart
hist(IVcurve) * ]
Histogram |
contour(lVcurve) *

- Contour plot

I,

" - sasnBliPLnsssmand A

Catalog 7




Data plotting using the workspace window (cont.) - futzing with the look of the graph
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A new window should pop-up with the plot of data in column 1 against the row number (blue line on
this graph) and the data in column 2 also against the row number.

This is NOT the graph we want. We want the data in col. 1 to be the x-values and the data in col. 2 to
the y-values so we need to change how MATLAB is plotting the data.

Notes:




Data plotting using the workspace window (cont.) — more futzing
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Data plotting using the workspace window (cont.)
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Data plotting using the workspace window

Step 4: Add annotations by investigating editing functions. Give the x- and y-axis labels and add a title.
Find out how to change the color of the line. Add some gridlines.
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Notes:

Plotting Using MATLAB’s Command Line Interface

As some of you know who have used MATLAB before, there is a much simpler way to create the same
graphs by typing commands into the command window. These 6 lines of MATLAB code, entered line-by-
line into the command window, creates the same plot generated through manipulating the variable
Ivcurve in the workspace.

>>
>>
>>
>>
>>
>>
>

voltage=[(0,1,2,3,4,5,6,7,8,9,10];
current=[0,1,4,9,16,25,36,49,64,81,100];
plot(voltage,current)
title(’ ’Fak? I-v cur\:'c' ) The next 4 statements use pre-defined Matlab functions plot, title, xlabel,
xlabel( . voltage (V) . ) and ylabel open a window and create basic plot (plot) , add a title to the
ylabel('current (A)") plot (title), and add labels to the x- and y-axes (x/abel, ylabel).

The first two statements are used to enter the
voltage and current data into two Matlab vector
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How MATLAB Stores and Interprets Data — Data and Variable Types

Integer — x 2«0 Command Window
Real T 5> a=123

Complex am

String 193

>> b=1230000000000000000000

b=
1.2300e+32 ’-\R‘ x» =3 Workspace
>> ewd 248,95 — o L LA L. — AL
—— ame + [ - e
.. — — 123 123 13
e — 1) 1.2300e+32 123 123
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3.2000 + 8.90004i I Do Sytee

> d='bodbodfluffybee’ —

Notes:

-

k>>

bodbodfluffybee

- Notice that each variable and its value
is entered into the workspace as soon
as the command is typed into the
command window.

Examples of inputting the 4 common data types...

>> a=123

123

-

Command typed into Matlab

»

Echoed back to user by Matlab




How MATLAB Stores and Interprets Data — Common Data Structures

X 2 =n Command Window

Notes:

» Humber

= a single stored value is
considered a data struct-
ure, like a table with 1

row and 1 column

» Vector

= a data structure that holds
a list of values is stored as
a 1xn data structure with

1 row and n columns

» Matrix

- a general data structure
with an arbitrary number of
dimensions. Numbers and
vectors are considered

matrices

This is a Classroom License for instructionmal use only.

Rescarch and commercial use is prohibited.
>> a=123

am=
123
>> size(a)
ans =
1  §
>> b=[1,2,3,4,5,6,7,8,9,10)
b=
1 2 3 4 5 3 7 8
>> size(b)
ans =
1 10
>> c=~[11,12,13;21,22,23;31,32,33)
c -
11 12 13
21 22 23
31 32 33
>> size(c)
ans =
3 3

>> demagic(15);
>> e~1:100;

8 >> =1:56:10;11:15)

10




Entering Different Data Types from the command line -

X a w0 Command Window

This is a Classroom License for instructional use only.
Rescarch and commercial use is prohibited.

>> a=123
. -

123

>> gize(a) <«
ans =
1 1

>> b~[1,2,3,4,5,6,7,8,9,10)

size(vanable_name) is a function that returns the size of each dimension of the
matrix 'vanable_name’

b=
1 2 3 i 5 7 ) 9 10
>> size(b)
ans = x» =0 Workspace }
1 10 B ol % B W Stack: Base ¢ [ selectdatatoplot v
Name & Value Min Max
> c-l11,13.13331;32.33131.33,331 a 123 123 123 ‘
c = ans 13,3) 3 3
11 12 13 b 11,23,456,789,10] 1 10
21 22 23 - 111,12,13;21,22,23;3... 11 i3
3 32 13 d <15x15 double> 1 225
Entering matrices with 2 or e <1x100 double> 1 100
>> size(c) h ) .
more dimensions requires
ans = additional syntax — a semi-
3 3 colon is used in this example
to separate data in different
>> demagic(15); rows

> e~1:100;

K> 561011015

All of the variables show up in the Workspace

Notes:




Accessing Different Data Types from the command line -

Notes:

>> al=(1,2,3;4,5,6;7,8,9)

al =
1 2 3
4 5 6
7 ] 9

>> a2#(1,2,3,4,5,6,7,8,9);
>> al~=roshape(a2,3,3)

a2 =
1 4 7
2 5 B
k) 6 9
>> al~transpose(a2)
a2 =
1 2 3
4 3 3
7 8 9

2 ways to create the same 3x3 matrix

>> al(2,3) <«— Accesses a single element

6

of a the 3x3 matrix 'a1’

>> al(:,3) —

Accesses a whole column of a
the 3x3 matrix 'a1'. Guess how
you access a single row...

>> al(3,3)
ans =

9
>> al(3d,4)

Matlab lets you know
when you have

breached the array
«— | boundaries

777 Index exceeds matrix [dimensions.

>> al(9) “J

Isn't a1 a 3x3 matrix?

>>




When you used the command...

>plot(voltage, current)

... you are using the pre-defined MATLAB function plot. Below is the help page describing how to use the plot function. As you
can see there are many properties of the plot that you can set as a parameter inside the plot function. The title, x-axis label, and

the y-axis label can all be specified inside the plot function. As you use MATLAB more and more you will realize that there are at
least 5 different ways of doing any one task.

[output1, output2 output3,....]=function_name(input1,input2,input3)+ Standard syntax for calling functions

Notes:
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