L ecture 3

Vector representations:

Sounds, Time series
Matrix Representations:

Color Images, Gray Images

HEEERGHEER



sun spot data

Data Analysis for Time Series : interpretation, modeling by mathematical
frameworks, forecasting and predicting

Data

HEEERGHEER


http://134.208.26.59/MathProgramming2010/lecture2/sunspot_train.rar
http://134.208.26.59/MathProgramming2010/lecture2/sunspot_train.rar
http://134.208.26.59/MathProgramming2010/lecture2/sunspot_test_1.rar
http://134.208.26.59/MathProgramming2010/lecture2/sunspot_test_1.rar
http://134.208.26.59/MathProgramming2010/lecture2/sunspot_test_2.rar
http://134.208.26.59/MathProgramming2010/lecture2/sunspot_test_2.rar

time series:

Source codes

load sunspot_train.mat;
subplot(3,1,1);
plot(1712:1920,Y);

load sunspot_test_1.mat
subplot(3,1,2);
plot(1921:1955,Y);

load sunspot_test_2.mat
subplot(3,1,3);
plot(1956:1979,Y);
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http://134.208.26.59/MathProgramming2010/lecture2/sun_spot.txt
http://134.208.26.59/MathProgramming2010/lecture2/sun_spot.txt

load

load sunspot_train.mat;

Load an MAT file

- An MAT file stores variables of work
space
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subplot

subplot(m,n,k)

- A figure conists of m rows and n columns
of subplots

- Select the the k-th subplot
- Column-major order
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Equal Partition: linspace

- Create 5 knots that equally partition
interval [0 1]
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Sub vector

>> a=linspace(0,1,100);
>> a(95:100)

0.9495 0.9596 0.9697 0.9798

>> a=linspace(0,1,100);
>> a(100:-1:95)

1. 0000 0.9899 0.9798 0.9697

HEEERGHEER



Sound Read

[s1,fs]=wavread('ic_al.waV');
plot(1:length(s1),s1)

Ic al.wav
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http://134.208.26.59/MathProgramming2010/lecture2/ic_a1.wav
http://134.208.26.59/MathProgramming2010/lecture2/ic_a1.wav
http://134.208.26.59/INA/code/ica/data/rsm2_mA.wav
http://134.208.26.59/INA/code/ica/data/rsm2_mA.wav

Figures History

>> dir

.session  Shared song.wav
Published cmw2.bmp

>> [sl,fs]=wavread('song.wav');

plot(1l:length(sl),sl)

[s1,fs]=wavread('song.wav');
plot(1:length(s1),s1);




Sound Playing

[s1,fs]=wavread('ic_al.wav');
wavplay(s1i,fs);

* 51 Is a recorded sound vector
- fs denotes the sampling frequency
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Slow down

[s1,fs]=wavread(‘ic_al.wav’);
wavplay(s1,fs*8/10);
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Higher frequency

[s1,fs]=wavread(‘ic_al.wav’);
wavplay(s1,fs*15/10);
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Recording

Install microphone
Play sound recorder
- Save as a WMA file

song.wma

song2.wma

HEEERGHEER
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http://134.208.26.59/MathProgramming2010/lecture2/song.wma
http://134.208.26.59/MathProgramming2010/lecture2/song.wma
http://134.208.26.59/MathProgramming2010/lecture2/song2.wma
http://134.208.26.59/MathProgramming2010/lecture2/song2.wma
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Audio converter software

- Switch: convert WMA file to au file
Audio Sound File Converter Software

/2 Audio Sound File Converter Software- Convert to wav, mp3, wma etc. - Windows Interet Explorer

m.au/switch/

&7 Windows Live Live Search k-~ EFXER EHF #A

Wk & Audio Sound File Converter Software- Convert... ’

NCH Software Ry
Download | Purchase | Support | Products | SiteMap
English | Deutsch

Switch Audio File Conversion Software
Convert and encode sound files on Windows and Mac
L

Sound file converter for Windows or Mac. Convert audio files from many different file formats to SWiLCh
mp3, wav or wma. For example convert wav to mp3, mp3 to wav, wma to mp3 or many other ~ {
formats. Just add the files you want to convenrt, select the output format, and then click convert.

Switch is not simply an audio converter - it is the most comprehensive and stable sound file
converter program around. You can convert your sound files into the formats you need to
compress for storage, create ringtones, add to a presentation, listen on your portable device
and much more. In fact, the possibilities are endless using this powerful audio converter.

m'," ¥ Download Switch Audio File Converter for Windows (Fre
Download Free

Windows Plus Trial
We make Switch free in the hope you will like it so much you will decide to upgrade to Switch

Plus which supports additional encode-to formats. You can download Switch Plus demo here M
purchase Switch Plus online here.



http://www.nch.com.au/switch/index.html?gclid=CIjrrPOcjJkCFQLMbgodBBSTnA
http://www.nch.com.au/switch/index.html?gclid=CIjrrPOcjJkCFQLMbgodBBSTnA

'] switch Sound File Converter
File Convert Edit Help

# 4 KX K U® | b B w & g

Add File(s) AddFolder FRemove RemoveAll  Options Play Stop Convert Upgrade  ToolBox

List of files to convert
+ song
song

<« | 1 »

Output folder  C:\Users\User\Desktop\course v ["] output to same folder as source files %
Convert

Output Format |.au | | Encoder Options... ! | [] copy folder structure of source files




Read and play an au file

>> [data,fs]=auread('song.au’);
>> sound(data,fs)

song.au

song2.au
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http://134.208.26.59/MathProgramming2010/lecture2/song.au
http://134.208.26.59/MathProgramming2010/lecture2/song.au
http://134.208.26.59/MathProgramming2010/lecture2/song2.au
http://134.208.26.59/MathProgramming2010/lecture2/song2.au

Read and play an au file

>> [data,fs]=auread('song2. au');

>> sound(data,fs)

song2.au
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http://134.208.26.59/MathProgramming2010/lecture2/song2.au
http://134.208.26.59/MathProgramming2010/lecture2/song2.au

T43:25

Audio Memos

Tip: A green arrow next on the right of a memo indicates a sent memo.

00:00 ‘“m_--_
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>> [T,d]=s1ze(data)

T =

4327424

>> plot(1:1:T,datac:




Segmentation

>> dataZ2=data(floor(T/4):T,:);
>> sound(data?, fs)
>> plot(l:1:s1ze(data2,l),data2(:,1))
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Transpose of a matrix

A=[123;4 5 6;7 8 9];
Al

dS =

WQ N =
o O1 B~
© o =~
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Matrix and gray-level Image

- Represent an image by a matrix

- Each entry of a matrix represents the gray
level of a pixel in an iImage

- Image

- Rotation

- Mirror

- Transpose

HEEERGHEER
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Image Read

|I=imread('filename’)
- Bead a color image from a file
- Store to matrix |

- Each pixel in a color image is with three
values for representing Red, Green and
Blue color intensities

HEEERGHEER
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Color images
CMW2.jpg

A=imread('CMW2.jpg");
image(A);
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http://134.208.26.59/MathProgramming2010/lecture2/CMW2.jpg
http://134.208.26.59/MathProgramming2010/lecture2/CMW2.jpg

A color image

== Slze(l) * There are 235 rows and 275 columns of
pixels in the image

_ - RGB intensities at each pixel are
dins = represented by three values

235 275 3
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Gray image

cmw1.bmp

|I=imread('cmw1.bmp");
image(l)

HEEERGHEER
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http://134.208.26.59/MathProgramming2010/lecture2/cmw1.bmp
http://134.208.26.59/MathProgramming2010/lecture2/cmw1.bmp

A gray-level image

>> Size(l) - There are 235 rows and 275 columns of
pixels in the images

« One gray-level intensity at each pixel
of the image

dins =

235 275
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Transpose of an image

iPad = T F6:05

>> J=I(:,:,1);
>> imagesc(J"')
>> colormap(gray)

J=I(;,:,1);

imagesc(J");
colormap(gray)

MRS R
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Example

A=[123;456;7 8 9];
A(:,3:-1:1)

ans =
3 2 1
6 5 4
9 8 7
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Mirror of an image

>> J=I(:,:,1);

>> n=size(J,2);

>> imagesc(J(:,n:-1:1))
>> colormap(gray)

J=I(:,:,1);

n=size(J,2);
imagesc(J(;,n:-1:1))
colormap(gray)

Mirror
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Rotation

A=[123;456;789];

B=A";
B(:,3:-1:1)
ans =
7 4 1
8 5 2
9 6 3
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Clockwise Rotation of an image

>> J=I(:,:,1)";

>> n=size(J,2);

>> imagesc(J(:,n:-1:1))
>> colormap(gray)

J=I(:,:,1)"

n=size(J,2);

imagesc(J(:,n:-1:1)) e

colormap(gray) ,-:_-1::?-_;_11 Clockwise Rotation
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rgb2gray

A=imread('CMW2.jpg");
image(A);
|IG=rgb2gray(A);
imshow(1G);
imwrite(IG,'cmw2.omp’,'omp’)
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Size of an image

>> size(l)
ans =

235 275
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Uint8 to double

|I=imread('‘cmw1.bmp’);

image(l)

J=double(l)

| is a matrix with elements(uint8)

J IS a matrix with double elements
belonging {0,...,255}

HEEERGHEER
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Double to uint8

|I=imread('cmw1.bmp’);
J=double(l)
image(uint8(J))
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Reshape to a vector

|I=imread('‘cmw1.bmp’);
[m,n]=size(l)

J=double(l); Jv=reshape(l,1,m*n):

HEEERGHEER
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reshape

|I=imread('cmw1.bmp");
[m,n]=size(l)

J=double(l); Jv=reshape(l,1,m*n);
vd=reshape(Jv,m,n);

image(uint8(vJ));

HEEERGHEER
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<

Horizontal
mirror

Vertical

transpose I
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Cosine function

x=linspace(-5,5);
plot(x,cos(x));
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Add noise to cosine

x=linspace(-5,5);
L=length(x);
Noise = (rand(1,L)-0.5)*0.3;
plot(x,cos(x)+Noise); 2

?? How to filter noises for
recovering the original function?*
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2D functions

NREF by annealed FE learning
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2D funct
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2D function

plot2d.m

fstr=1input('input a 2D function: xI, 224x2. *24cos(xl)

fx=1nlpine(fstr);

range=2%pi;

xl=-range.0.1:range;

x2=x1;

for 1=1:1length(xl)
C(1,:)=fx(x1(1),x2);

end

mesh(x1,x2,0);

HEEERGHEER
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http://134.208.26.59/MathProgramming2010/lecture2/plot2d.txt
http://134.208.26.59/MathProgramming2010/lecture2/plot2d.txt

Experiment (4)

- Plot a 2D function

- Load plot2d.m
- Execute plot2d
- Keyin a string for specification of a 2D function
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>> plot2d
input a 2D function: x1.72+x2 "24cos(x1) :cos(xl+x2)
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Create strings

name = ['Thomas''R. ' 'Lee']
name = strcat('Thomas',' R.',' Lee’)
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A vertical array of strings

Create a vertical array of strings.
C = strvcat('Hello',"Yes','No','Goodbye")

C= - C is a matrix

Hello - C(i,:) gets the i-th row
Yes

No

Goodbye
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Cell array of strings

Create a cell array of strings.
S ={'Hello' 'Yes' 'No' 'Goodbye'}

S =
'Hello' 'Yes' 'No' 'Goodbye'

HEEERGHEER
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Cell array of strings

S ={'Hello' 'Yes' 'No' 'Goodbye'}
size(S)

- Return the size of the cell array
- Each cell in S contains a string

S(1,2)
- Specity the string stored at the second
column

HEEERGHEER
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Example

T={'"Mon' "Tue' 'Wen' "Thu'}
S ={'Hello' 'Yes' 'No' 'Goodbye'}
ST=[S;T]

HEEERGHEER

52



