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Writing Code

» Use descriptive variable/function names

* Write comments

* Go slowly

» Test each little piece, not the whole system
* Write modular code

- If you copy/paste something many times, turn it
iInto a function



Programming with Cells

* Begin cell with £%

* Allows you to run
small pieces of code

» Useful for:
- Testing/debugging
- Organization

e Used In the
homework 1 files
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1 %% flying_box_starter.m

2 %

3 % This Matlab script provides the starter code for the flying box

4 % problem on Homework 1 in MEAM 520 at the University of Pennsylvania.

5 % The original was written by Professor Katherine 1. Kuchenbecker in

6 % September of 2012. Students will modify this code to create their own

7 %wcr"ipt. Email kuchenbe@seas.upenn.edu with questions.

8 %

9 % Student Name: Philip Dames

10 %

il % Change the name of this file to replace "starter" with your PennKey. For
12 % example, Professor Kuchenbecker's script would be visualize_kuchenbe.m
13

14 %% SETUP

15

16 % Delete all wvariables from our workspace.

Al clear

15

19 % Load the TrakStar data recorded during the movie.

20 % This MATLAB data file includes time histories of the x, vy, and z

21 % coordinates in inches, as well as time histories of the azimuth,

22 ¥ elevation, and roll angles in degrees.

23 - Toad Tlying_box;

24

25 % Open figure 1 and clear it to get ready for plotting.

26 - figure(l)

2= clf

28

29 %% DEFINITIONS

30

31 % We need to keep track of three frames in this code.

32 %

33 % Frame O is the frame of the camera's view, with x positive to the right,
34 % v positive straight back, and z positive up. The is the base frame, and
35 % it's what we plot in. Its origin coincides with the origin of frame 1.
36 %

37 % Frame 1 1s the frame of the TrakStar transmitter, which sits on the desk.
38 % It has x positive straight out, y positive to the left, and z positive
39 % down. This is the frame in which the sensor positions and orientations
40 % are expressed. Its origin is near the center of the transmitter's beige
41 % cube, which can be seen in the wideo.

42 ¥

1_box_pdames.m or its button...



Helpful Hotkeys

Ctrl+r — comment blocks of code
Ctrl+t — uncomment blocks of code
F5 — run script

Ctrl+Enter — run cell
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Help: From Instructors

 Don't say:
“My code doesn't work”
Do say:
“lamtryingtoget Xand I did Y
but got Z instead.”

 The more detall you give us, the more quickly
we can help you out



Look at Your Data

* disp — displays something in Command
Window

* keyboard — pause execution of code and
enter Command Window in calling workspace

 plot — visualize your data
» ; —leave off the semicolon to display output



Check Your Data

if — checks If something is true

assert — checks if something is true, if not
then kill the program

warning — displays a custom warning in the
Command Window, but keep running program

error — displays a custom error in the
Command Window, kills the program



Matrix Initialization

zeros (n,m) —createsann x m matrix of O's
ones (n,m) —createsann x m matrix of 1's
eye (n) —creates ann x n Identity matrix

1 :n — creates the row vector [1, 2, .., n]

[A B], [A; B] — create matrix from other
matrices

[ ] — create empty matrix
rand (n,m) —create an n x m random matrix
size (A) —returns size of matrix A



Matrix Indexing

A(r,c) —takes element in row r and column c
A(:,c) —takes all of column ¢

A(1:3, 4) —takes elements in rows 1-3 and
column 4

A (B>1) —logical indexing, takes all elements of A
where B>1 Is true

A (:) —turns matrix A into a column vector by
stacking columns



Matrix Manipulation

A' — (conjugate) transpose of matrix A
A. ' —transpose of matrix A

.* ./ .~ —element-wise operations on a
matrix

det (A) — determinant of A
trace (A) —trace of A



Trigonometric Functions

e MATLAB has built-in functions for both radians
and degrees

- cos (theta) — cosine of theta, In radians
- cosd (theta) — cosine of theta, in degrees
- Same for sin, tan, sec, etc

* |nverse functions begin with “a”

- acos (x) —arccos of x, In radians
- asind (x) — arcsin of x, in degrees



Functions

. Begin with
function [outputl, output2, ..] =
FUNCTION_NAME (1nputl, 1nput2, ...)

» Variables defined in the function exist only In
the function (unless output)

e Cannot access variables defined outside the
function (unless input)

e Save In separate file FUNCTION_NAME .m



Workspaces

A workspace is something used by Matlab to store
variables

- Functions create their own workspaces that are deleted after
the function finishes running

- The command windows deals with the Base workspace
(unless you use keyboard)

clc — clear all commands from the Command Window
clear all — deletes all variables from the workspace

- clear A —deletes only the variable A from the workspace
close all — close all open figures



Function Handle

Like a mini-function

Examples
f = @d(x) x°3;
c = @(theta) cos(theta);
c(p1)

Useful for simple things you will use
repeatedly

Not as powerful as functions



Basic Plotting

* plot (x,vy, 'LineSpec') — plots the data in x and
v, using the optional argument ' linespec' to
change the color and style of the plot

- See doc linespec for information on the available
colors and styles

- Example, 'r—-" Is a dashed red line

* hold on — holds the data on the plot until hold
of £ Is called, this lets you plot multiple things on the
same axis



Quick Plotting
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Plot Anhnotations

xlabel ('text') — labels the x-axis

title ('text') —displays a title above the plot
area

legend('linel', 'line2', ...) —displays

a legend of the different line in the plot, useful when
plotting multiple things

axls ([xmln xmax ymln ymax]) —
sets the x and y limits on the axis

figure — creates a new figure window



3D Plotting

e plot3(x,vy,z, 'LineSpec') —very similar
to plot, but does 3d

* patch (X, Y, Z,C) — creates filled polygonal
patch with vertices specified by x, y, z and
color c



Figure Handles

h=plot (x,vy) —h

IS a figure handle

most plotting functions can return one

get (h) —returns a list of figure properties

set (h, "PropertyType', '"Value') —
sets property PropertyType to Value

gca — returns hand
gcf — returns hand
Much faster to use

e to current axis
e to current figure

nandles for animations since

MATLAB does not redraw everything

Used Iin the homework 1 files



Animations

* Use figure handles to update plots for
animations

 pause (t) — pause for t seconds, this gives
Matlab time to update the plot

- Also useful for slowing down animations

- pause — without a time input Matlab waits until a
key Is pressed

 drawnow — like pause, but Matlab will only
walit for as long as it needs to plot
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