Short Course on MATHLAB (based on  HELP and DEMOs)

Syntax Highlighting

Some entries appear in different colors to help you better find elements, such as

matching if/else statements:

· Type a string and it is colored purple. When you close the string, it becomes maroon.

Example ‘ghjjjhghgh’


· Type a keyword, such as the flow control function for, or a continuation (ellipsis...), and it is colored blue. Lines you enter between the opening and closing flow control functions are indented.

· Double-click an opening or closing token, a parenthesis ( ), bracket [ ], or brace {}. This selects the characters between the token and its mate.

· Type a closing (or opening) token and the matching opening (or closing) token is highlighted briefly.

· Type a comment symbol, %, and what follows on the line appears in green. That information is treated by MATLAB as a comment.

· Errors appear in red.

Workspace displays the Workspace browser, a graphical user interface that allows you to view and manage the contents of the MATLAB workspace. It provides a graphical representation of the whos display, and allows you to perform the equivalent of the clear, load, open, and save functions.
To see and edit a graphical representation of a variable, double-click the variable in the Workspace browser. The variable is displayed in the Array Editor, where you can edit it. You can only use this feature with numeric arrays.

Matrices 

Generating Matrices
MATLAB provides four functions that generate basic matrices.

	zeros
	All zeros

	ones
	All ones

	rand
	Uniformly distributed random elements

	randn     
	Normally distributed random elements


Here are some examples.

Z = zeros(2,4)

Z =

     0     0     0     0

     0     0     0     0

F = 5*ones(3,3)

F =

     5     5     5

     5     5     5

     5     5     5

N = fix(10*rand(1,10))

N =

     4     9     4     4     8     5     2     6     8     0

Note: B = fix(A) rounds the elements of A toward zero, resulting in an array of integers. 

R = randn(4,4)

R =

    1.0668    0.2944   -0.6918   -1.4410

    0.0593   -1.3362    0.8580    0.5711

   -0.0956    0.7143    1.2540   -0.3999

   -0.8323    1.6236   -1.5937    0.6900

Enter a matrix and display

A=[16,3,2,13;5,10,11,8;9,6,7,12;4,15,14,1];
· Type

 A 

· Compute sum and observe the answer
 sum(A)

Note : Variable ans is a default variable 

· transpose 

A'

· obtain the sum of elements of the transposed matrix 

sum (A')'

· Try to exceed index values:

 x=A(6,6)

· Try COLON operator

 1:10

· Obtain the sum of all elements of the 3rd column

 sum(A(1:4,3))

Variables

A and a are different variables:

· Type

 a=25 

· Type a and A  and see the result

MATLAB uses conventional decimal notation, with an optional decimal point and leading plus or minus sign, for numbers. Scientific notation uses the letter e to specify a power-of-ten scale factor. Imaginary numbers use either i or j as a suffix. Some examples of legal numbers are

3              -99            0.0001

9.6397238      1.60210e-20    6.02252e23

1i             -3.14159j      3e5i

All numbers are stored internally using the long format specified by the IEEE floating-point standard. Floating-point numbers have a finite precision of roughly 16 significant decimal digits and a finite range of roughly 10-308 to 10+308.

OPERATORS

Elementary mathematical functions.Expressions use familiar arithmetic operators and precedence rules. 

	+   
	Addition

	-
	Subtraction

	*
	Multiplication

	/
	Division

	^
	Power

	'
	Complex conjugate transpose

	( )
	Specify evaluation order


Library  Functions
MATLAB provides a large number of standard elementary mathematical functions, including abs, sqrt, exp, and sin. Taking the square root or logarithm of a negative number is not an error; the appropriate complex result is produced automatically. Several special functions provide values of useful constants. 

	pi
	3.14159265...

	i
	Imaginary unit, [image: image1.png]


-1

	j
	Same as i

	eps
	Floating-point relative precision, 2-52

	realmin   
	Smallest floating-point number, 2-1022

	realmax
	Largest floating-point number, (2-[image: image2.png]


)21023

	Inf
	Infinity

	NaN
	Not-a-number


Infinity is generated by dividing a nonzero value by zero, or by evaluating well defined mathematical expressions that overflow, i.e., exceed realmax. Not-a-number is generated by trying to evaluate expressions like 0/0 or Inf-Inf that do not have well defined mathematical values.

Examples
a)  rho = (1+sqrt(5))/2

b)  a = abs(3+4i)

c) huge = exp(log(realmax))
d) toobig = pi*huge
Working with HELP
Type help with the name of a function to see details about the parameters, and the description. 
4.1. If you type help elfun, the following will be displayed

 Elementary math functions.

  Trigonometric.

    sin         - Sine.

    sinh        - Hyperbolic sine.

    asin        - Inverse sine.

    asinh       - Inverse hyperbolic sine.

    cos         - Cosine.

    cosh        - Hyperbolic cosine.

    acos        - Inverse cosine.

    acosh       - Inverse hyperbolic cosine.

    tan         - Tangent.

    tanh        - Hyperbolic tangent.

    atan        - Inverse tangent.

    atan2       - Four quadrant inverse tangent.

    atanh       - Inverse hyperbolic tangent.

    sec         - Secant.

    sech        - Hyperbolic secant.

    asec        - Inverse secant.

    asech       - Inverse hyperbolic secant.

    csc         - Cosecant.

    csch        - Hyperbolic cosecant.

    acsc        - Inverse cosecant.

    acsch       - Inverse hyperbolic cosecant.

    cot         - Cotangent.

    coth        - Hyperbolic cotangent.

    acot        - Inverse cotangent.

    acoth       - Inverse hyperbolic cotangent.

  Exponential.

    exp         - Exponential.

    log         - Natural logarithm.

    log10       - Common (base 10) logarithm.

log2        - Base 2 logarithm and dissect floating point number.

    pow2        - Base 2 power and scale floating point number.

    sqrt        - Square root.

    nextpow2    - Next higher power of 2.

  Complex.

    abs         - Absolute value.

    angle       - Phase angle.

    complex     - Construct complex data from real and imaginary parts.

    conj        - Complex conjugate.

    imag        - Complex imaginary part.

    real        - Complex real part.

    unwrap      - Unwrap phase angle.

    isreal      - True for real array.

    cplxpair    - Sort numbers into complex conjugate pairs.

  Rounding and remainder.

    fix         - Round towards zero.

    floor       - Round towards minus infinity.

    ceil        - Round towards plus infinity.

    round       - Round towards nearest integer.

    mod         - Modulus (signed remainder after division).

    rem         - Remainder after division.

    sign        - Signum.

4.1. Elementary matrices and matrix manipulation 
  Elementary matrices.

    zeros       - Zeros array.

    ones        - Ones array.

    eye         - Identity matrix.

    repmat      - Replicate and tile array.

    rand        - Uniformly distributed random numbers.

    randn       - Normally distributed random numbers.

    linspace    - Linearly spaced vector.

    logspace    - Logarithmically spaced vector.

    freqspace   - Frequency spacing for frequency response.

    meshgrid    - X and Y arrays for 3-D plots.

    :           - Regularly spaced vector and index into matrix.

  Basic array information.

    size        - Size of matrix.

    length      - Length of vector.

    ndims       - Number of dimensions.

    numel       - Number of elements.

    disp        - Display matrix or text.

    isempty     - True for empty matrix.

    isequal     - True if arrays are identical.

    isnumeric   - True for numeric arrays.

    islogical   - True for logical array.

    logical     - Convert numeric values to logical.

  Matrix manipulation.

    reshape     - Change size.

    diag        - Diagonal matrices and diagonals of matrix.

    blkdiag     - Block diagonal concatenation.

    tril        - Extract lower triangular part.

    triu        - Extract upper triangular part.

    fliplr      - Flip matrix in left/right direction.

    flipud      - Flip matrix in up/down direction.

    flipdim     - Flip matrix along specified dimension.

    rot90       - Rotate matrix 90 degrees.

    :           - Regularly spaced vector and index into matrix.

    find        - Find indices of nonzero elements.

    end         - Last index.

    sub2ind     - Linear index from multiple subscripts.

    ind2sub     - Multiple subscripts from linear index.

  Special variables and constants.

    ans         - Most recent answer.

    eps         - Floating point relative accuracy.

    realmax     - Largest positive floating point number.

    realmin     - Smallest positive floating point number.

    pi          - 3.1415926535897....

    i, j        - Imaginary unit.

    inf         - Infinity.

    NaN         - Not-a-Number.

    isnan       - True for Not-a-Number.

    isinf       - True for infinite elements.

    isfinite    - True for finite elements.

    why         - Succinct answer.

  Specialized matrices.

    compan      - Companion matrix.

    gallery     - Higham test matrices.

    hadamard    - Hadamard matrix.

    hankel      - Hankel matrix.

    hilb        - Hilbert matrix.

    invhilb     - Inverse Hilbert matrix.

    magic       - Magic square.

    pascal      - Pascal matrix.

    rosser      - Classic symmetric eigenvalue test problem.

    toeplitz    - Toeplitz matrix.

    vander      - Vandermonde matrix.

    wilkinson   - Wilkinson's eigenvalue test matrix.

Divide each element of  matrix A = magic(4) by 3 and find results of the following functions round ,mod, rem.
Note:

· Y = round(X) rounds the elements of X to the nearest integers.

· M = mod(X,Y) returns the remainder X - Y.*floor(X./Y) for nonzero Y, and

returns X otherwise. mod(X,Y) always differs from X by a multiple of Y.

· R = rem(X,Y) returns X - fix(X./Y).*Y, where fix(X./Y) is the integer part of

the quotient, X./Y.

Examples:

B=round(A/2);

C= mod(A,3);

D= rem(A,3);

Create two matrices Random_1 and Random_2 of 5x5 with rand function

Random_1 = rand(5,5)

Random_2 = rand(5,5)
Compare Random_1 and Random_2  with  isequal . Check the result (is to be true if arrays are identical).
isequal(Random_1, Random_2)

· flip matrix Random_1 in left/right and up/down direction using  fliplr and flipud functions.

Example:

 B = fliplr(Random_1) 

· returns A with columns flipped in the left-right direction, that is, about a

vertical axis.
-      Delete the second column: 

B(:,2)=[]

Plotting functions

Assignment_7: plot your matrices, add titles.

plot (Random_1)

gridon

title(‘Random_1’)

Learn on variables, who

· type who
RANDN  Normally distributed random numbers.

    RANDN(N) is an N-by-N matrix with random entries, chosen from   a normal distribution with mean zero, variance one and standard deviation one.

    RANDN(M,N) and RANDN([M,N]) are M-by-N matrices with random entries.

    RANDN(M,N,P,...) or RANDN([M,N,P...]) generate random arrays.

    RANDN with no arguments is a scalar whose value changes each time it is referenced.    

Histogram

A histogram shows the distribution of data values.

n = hist(Y) bins the elements in vector Y into 10 equally spaced containers and returns the number of elements in each container as a row vector. If Y is an m-by-p matrix, hist treats the

columns of Y as vectors and returns a 10-by-p matrix n. Each column of n contains the results for

the corresponding column of Y.

n = hist(Y,x), where x is a vector, returns the distribution of Y among length(x) bins with

centers specified by x. For example, if x is a 5-element vector, hist distributes the elements of Y

into five bins centered on the x-axis at the elements in x

Generate a random vector and plot the bar and the histogram

· Generate a random vector and plot a bar

y = randn(10000,1);

bar (y)

· Plot a histogram
x = -2.9:0.1:2.9;

hist(y,x) 

Image manipulation: reading and displaying, image histogram, contrast enhancement, noise removal.

Image formats: tif, jpeg, bmp.  Read and display images

Example:

I = imread('pearlite.tif');

figure, imshow(I), title('Image 1');

figure creates figure graphics objects. Figure objects are the individual windows on the screen in which MATLAB displays graphical output.

imshow(J) displays an image J.

Converting images : Color(RGB : Read_Green_Blue), binary (Black and white) and gray images.

a) rgb2gray converts the true color image RGB to the grayscale intensity image I.

RGB = imread('flowers.tif');

figure, imshow(RGB);

I = rgb2gray(RGB);

figure, imshow(I)
b) im2bw converts an image to a binary image(black and white) based on threshold

BW = im2bw(I,level)

Example:

I = imread('trees.tif'); 

figure, imshow(I)

BW = im2bw(I,0.4);

figure, imshow(BW)

c) graythresh computes a global threshold (level) that can be used to convert an

intensity image to a binary image with im2bw.

Example:

I = imread('trees.tif'); 

figure, imshow(I);

level = graythresh(I); 

BW = im2bw(I,level);

figure, imshow(BW)

Assignment_0: Repeat the examples with flowers.tif image

· Run the code of the Example 1.

· Run the code of the Example 2. Change the threshold value and view the results. Use 0.05, 0.2, 0.3 and 0.7 values. Discuss results.

· Run the code of the Example 3.

Image histogram

An image histogram is a chart that shows the distribution of intensities in an indexed or intensity image. The image histogram function imhist creates this plot by making n equally spaced bins, each representing a range of data values. It then calculates the number of pixels within each range.

For example, the commands below display an image of grains of rice, and a histogram with 64 bins.

I = imread('rice.tif');

imshow(I)

figure, imhist(I,64)

· Obtain the histogram for 128 bins of the image rice.tif
· Obtain the histogram for 255 bins of the image pearlite.tif
Intensity Adjustment

a)  imadjust.

Intensity adjustment is a technique for mapping an image's intensity values to a new range. For example, rice.tif  is a low contrast image. The histogram of rice.tif, indicates that there are no values below 40 or above 255. If you remap the data values to fill the entire intensity range [0, 255], you can increase the contrast of the image.

You can do this kind of adjustment with the imadjust function. The general syntax of imadjust is

J = imadjust(I,[low_in high_in],[low_out high_out]),

where low_in and high_in are the intensities in the input image which are mapped to low_out and high_out in the output image. For example, this code performs the adjustment described above.

Example:

I = imread('rice.tif');

J = imadjust(I,[0.15 0.9],[0 1]);

The first vector passed to imadjust, [0.15 0.9], specifies the low and high intensity values that you want to map. The second vector, [0 1], specifies the scale over which you want to map them.

Thus, the example maps the intensity value 0.15 in the input image to 0 in the output image, and 0.9 to 1.

Note that you must specify the intensities as values between 0 and 1 regardless of the class of Image. 

imshow(J)

figure, imhist(J,128)

Assignment_ 2 : Implement the adjustment of rice.tif image and view the result.

I = imread('rice.tif');

figure, imshow(I);

figure, imhist(I,128);

J = imadjust(I,[0.15 0.9],[0 1]);

figure, imshow(J);

figure, imhist(J,128)

b)  Setting the Adjustment Limits Automatically.

To use imadjust, you must determine the intensity value limits.

Specify these limits as a fraction between 0.0 and 1.0 so that you can pass them to imadjust in the [low_in high_in] vector.

For a more convenient way to specify these limits, use the stretchlim function. This function calculates the histogram of the image and determines the adjustment limits automatically. The stretchlim function returns these values as fractions in a vector that you can pass as the [low_in high_in] argument to imadjust; for example,

I = imread('rice.tif');

J = imadjust(I,stretchlim(I),[0 1]);

By default, stretchlim uses the intensity values that represent the bottom 1% (0.01) and the top 1% (0.99) of the range as the adjustment limits. By trimming the extremes at both ends of the intensity range, stretchlim makes more room in the adjusted dynamic range for the remaining intensities. 

Assignment_3 : Implement the adjustment of rice.tif image using stretchlim and view the result.

I = imread('rice.tif');

J = imadjust(I,stretchlim(I),[0 1]);

figure, imshow(J)

Histogram equalization

The process of adjusting intensity values can be done automatically by the histeq function.

histeq performs histogram equalization, which involves transforming the intensity values so that the histogram of the output image approximately matches a specified histogram. (By default, histeq tries to match a flat histogram with 64 bins, but you can specify a different histogram instead; see the reference page for histeq.)

Assignment_ 4: Enhance 'pout.tif' image using histogram equalization function.

I = imread('pout.tif');

J = histeq(I);

imshow(I)

figure, imshow(J)

- compare histograms of the original and the enhanced images

figure, imhist(I)

figure, imhist(J)

Noise removal. Image filtering.

Digital images are prone to a variety of types of noise. There are several ways that noise can be introduced into an image, depending on how the image is created. For example:

· If the image is scanned from a photograph made on film, the film grain is a source of noise.

· Noise can also be the result of damage to the film, or be introduced by the scanner itself.

· If the image is acquired directly in a digital format, the mechanism for gathering the data can introduce noise.

· Electronic transmission of image data can introduce noise.

You can use linear filtering to remove certain types of noise. Certain filters, such as averaging or Gaussian filters, are appropriate for this purpose. For example, an averaging filter is useful for removing grain noise from a photograph. Because each pixel gets set to the average of the pixels in its neighborhood, local variations caused by grain are reduced. The median filter will be studied and compared with averaging filter.

Adding noise

IMNOISE function add a noise to image.

J = IMNOISE(I,TYPE,...) Add noise of a given TYPE to the intensity image I. TYPE is a string that can have one of these values:

 
'gaussian'       Gaussian white noise with constant mean and variance

· 'localvar'       Zero-mean Gaussian white noise  with an intensity-dependent variance

· 'poisson'        Poisson noise

· 'salt & pepper'  "On and Off" pixels

· 'speckle'        Multiplicative noise

Assignment_5: Add different types of noise to eight.tif image and view results.

· Add Gaussian noise to the image eight.tif and view the results.

I = imread('eight.tif');

J = imnoise(I,'gaussian');

figure, imshow(I)

figure, imshow(J)

· Add Salt&pepper noise to the image eight.tif and view the result.

I = imread('eight.tif');

J = imnoise(I,'salt & pepper',0.02);

imshow(I)

figure, imshow(J)

· Add “speckle” noise
Averaging filter

In general, filter2 function is used for image filtering.

filter2(h,A) filters the data in A with the two-dimensional filter in the matrix h. It

computes the result using two-dimensional correlation, and returns the central part of the correlation that is the same size as A.

A filter is to be specified by matrix h with fspecial.

h = fspecial(type)

h = fspecial(type,parameters)

For example, for averaging filter for the window of size of 3x3, the filtered image K is obtained as 

K= filter2(fspecial('average',3),J)/255;

Noise removal with the averaging filter.

· Add Gaussian, speckle, salt&pepper  noise to eight.tif image and remove it with the averaging filter.

Example:

I = imread('eight.tif');

J = imnoise(I,'speckle',0.02);

imshow(I);

figure, imshow(J);

K= filter2(fspecial('average',4),J)/255;

figure, imshow(K);

· Change the window size to 5x5 and then to 10x10 and repeat the procedure

· Discuss the results.

Median filtering is similar to using an averaging filter, in that each output pixel is set to an "average" of the pixel values in the neighborhood of the corresponding input pixel. However, with median filtering, the value of an output pixel is determined by the median of the neighborhood pixels, rather  than the mean. The median is much less sensitive than the mean to extreme values (called outliers). Median filtering is therefore better able to remove these outliers without reducing the sharpness of the image.

The medfilt2 function implements median filtering of image J using 3x3 window. 

L = medfilt2(J,[3 3]);

Adaptive Filtering

The wiener2 function applies a Wiener filter (a type of linear filter) to an image adaptively, tailoring itself to the local image variance. Where the variance is large, wiener2 performs little smoothing.

Where the variance is small, wiener2 performs more smoothing.

This approach often produces better results than linear filtering. The adaptive filter is more selective than a comparable linear filter, preserving edges and other high frequency parts of an image. In addition, there are no design tasks; the wiener2 function handles all preliminary computations, and implements the filter for an input image. wiener2, however, does require more computation time than linear filtering.

wiener2 works best when the noise is constant-power ("white") additive noise, such as Gaussian noise. 

Apply wiener2 to an image of Saturn that has had Gaussian noise added by implementing the code given below.

I = imread('saturn.tif');

J = imnoise(I,'gaussian',0,0.005);

K = wiener2(J,[5 5]);

imshow(J)

figure, imshow(K)

Filtering a Region.

An interesting case is to filter a region of interest. First thing you have to do is to specify a region. This can be done using roipoly function. If you call roipoly with no input arguments, the cursor changes to a cross hair when it is over the image displayed in the

current axes. You can then specify the vertices of the polygon by clicking on points in the image with the mouse. Doubleclick to finish. 

 Execute  the following  code  for selecting a region, and creating a mask.

I = imread('pout.tif');

imshow(I)

BW = roipoly;

imshow(BW)

You can use the roifilt2 function to process a region of interest. When you call roifilt2, you specify an intensity image, a binary mask, and a filter. roifilt2 filters the input image and returns an image that consists of filtered values for pixels where the binary mask contains 1's, and unfiltered values for pixels where the binary mask contains 0's. This type of operation is called masked filtering.

Use the mask created in the example in Selecting a Polygon to increase the contrast of the girl's face.

h = fspecial('unsharp');

I2 = roifilt2(h,I,BW);

imshow(I)

figure, imshow(I2)

· Repeat for the logo on the girl’s coat.

Edge detection: Sobel’s, Robert’s, Prewitt’s masks, Cany’s detector.

Edges can be found at the positions of intensity variations. They serve as features for image understanding techniques. The result of edge function is a black and white image, where white pixels indicate positions of edges. Different operators can be used for edge detection.

edge(I,'sobel')

edge(I,'prewitt')

edge(I,'roberts')

edge(I,'canny')

Example: 

I = imread('pout.tif');

BW1 = edge(I,'sobel');

BW2 = edge(I,'canny');

figure, imshow(BW1)

figure, imshow(BW2)

· Obtain the threshold using the following form of edge detector

[BW1,thresh] = edge(I,’sobel’);

You can type thresh or look in the workspace for the variable to obtain the value.

· Change thresh to 0.02, and then to 0.05 and view the results, discuss.

· Obtain edges of one direction, for example 

BW = edge(I,'sobel',thresh, 'horizontal');

figure, imshow(BW)

· Note: in edge(I,'sobel',thresh,direction) direction is a string specifying whether to look for 'horizontal' or 'vertical' edges, or 'both' (the default). 

· Obtain edge images for three directions with the Sobel operator for images. Discuss the results.

Example: 

I = imread('pout.tif');

figure, imshow(I);

BW = edge(I,'sobel',0.02, 'horizontal');
figure,imshow(BW)
 Image transforms and their applications.

Fourier Transform.

A common use of Fourier transforms is to find the frequency components of a signal buried in a noisy time domain signal. 
Assignment _1: Fourier transform of one-dimensional signal.

· Consider data sampled at 1000 Hz. Form a signal containing 50 Hz and 120 Hz and corrupt it with some zero-mean random noise.

· Type the following code to generate a signal 

t = 0:0.001:0.6;

x = sin(2*pi*50*t)+sin(2*pi*120*t);

figure, plot(x(1:50))

title('original Signal’)

xlabel('time (seconds)')

· Add a random noise

y = x + 2*randn(size(t));

plot(y(1:50))

title('Signal Corrupted with Zero-Mean Random Noise')

xlabel('time (seconds)')

· SIZE(X), for M-by-N matrix X, returns the two-element row vector D = [M, N] containing the number of rows and columns in the matrix.  For N-D arrays, SIZE(X) returns a 1-by-N  vector of dimension lengths.

· XLABEL('text') adds text beside the X-axis on the current axis.

It is difficult to identify the frequency components by looking at the original signal. Converting to the frequency domain, the discrete Fourier transform of the noisy signal y is found by taking the 512-point fast Fourier transform (FFT):

· Obtain the Fourier transform of the original signal and noisy one

X= fft(x,512);
Y = fft(y,512); 
· Obtain the power spectrum

The power spectrum, a measurement of the power at various frequencies, is

Pxx=  X.* conj(X) / 512;

Pyy = Y.* conj(Y) / 512;

· Graph the first 257 points (the other 255 points are redundant) on a meaningful frequency axis.

f = 1000*(0:256)/512;

figure,plot(f,Pyy(1:257))

title('Frequency content of y')

xlabel('frequency (Hz)');

figure,plot(f,Pxx(1:257))

title('Frequency content of x')

xlabel('frequency (Hz)')

Implement two dimensional Fourier transform

C= rand(8,8);

y=fft2(C);

mesh(abs(y));

Implement two dimensional Fourier transform of an image

C= imread('pout.tif');

y=fft2(C);

mesh(abs(y));

Application of the Fourier Transform: Fast Convolution 
A key property of the Fourier transform is that the multiplication of two Fourier transforms corresponds to the convolution of the associated spatial functions. This property, together with the fast Fourier transform, forms the basis for a fast convolution algorithm.

Suppose that A is an M-by-N matrix and B is a P-by-Q matrix. The convolution of A and B can be computed using the following steps:

1. Zero-pad A and B so that they are at least (M1)-by-(N1). (Often A and B are zero-padded to a size that is a power of 2 because fft2 is fastest for these sizes.) 

2. Compute the two-dimensional DFT of A and B using fft2. 

3. Multiply the two DFTs together. 

4. Using ifft2, compute the inverse two-dimensional DFT of the result from step 3. 

Execute the code given below for the above described algorithm.

A = magic(3);A

B = ones(3);B

A(8,8) = 0;           % Zero-pad A to be 8-by-8

B(8,8) = 0;           % Zero-pad B to be 8-by-8

C = ifft2(fft2(A).*fft2(B));

C = C(1:5,1:5);       % Extract the nonzero portion

C = real(C);    % Remove imaginary part caused by roundoff error

Application of the Fourier Transform : Locating Image Features
The Fourier transform can be used to perform correlation, which is closely related to convolution. Correlation can be used to locate features within an image; in this context correlation is often called template matching. 

Locate occurrences of the letter "a" in an image containing text.

bw = imread('text.tif');

a=bw(59:71,81:91); %Extract one of the letters "a" from the image

imshow(bw);

figure, imshow(a);

The correlation of the image of the letter "a" with the larger image can be computed by first rotating the image of "a" by 180o and then using the FFT-based convolution technique. (Note that convolution is equivalent to correlation if you rotate the convolution kernel by 180o.) To match the template to the image, you can use the fft2 and ifft2 functions.

C = real(ifft2(fft2(bw) .* fft2(rot90(a,2),256,256)));

figure, imshow(C,[])%Display, scaling data to appropriate range.

max(C(:)) %Find max pixel value in C.

thresh = 45; %Use a threshold that's a little less than max.

figure, imshow(C > thresh)%Display showing pixels over threshold.

B = rot90(A) rotates matrix A counterclockwise by 90 degrees.

Bright peaks correspond to occurrences of the letter.

DCT for image compression 

dct2

Compute two-dimensional discrete cosine transform

Syntax:

B = dct2(A)

B = dct2(A,m,n)

B = dct2(A,[m n])

B = dct2(A) returns the two-dimensional discrete cosine transform of A. The matrix B is the same size as A and contains the discrete cosine transform coefficients B(k1,k2).

B = dct2(A,m,n) or B = dct2(A,[m n]) pads the matrix A with zeros to size m-by-n before transforming. If m or n is smaller than the corresponding dimension of A, dct2 truncates A.

A can be of class double or of any integer class. The returned matrix B is of class double.

This transform can be inverted using idct2.

Obtain the transform coefficients for autumn.gif image

RGB = imread('autumn.tif'); 

I = rgb2gray(RGB); figure, imshow(I);

J = dct2(I); figure,

imshow(log(abs(J)),[]), colormap(jet(64)), colorbar

Thresholding transform coefficients.

· Set values less than magnitude 10 in the DCT matrix to zero, and then reconstruct the image using the inverse DCT function idct2.

J(abs(J) < 10) = 0;

K = idct2(J)/255;figure

imshow(K) 

· Change the  threshold to 15, 25,35,50,70,100 respectively and run the code.

· Discuss the quality of the image after thresholding. What part of the image is affected most of all. 

Block processing with the zonal thresholding

· Execute the following code

I= imread ('cameraman.tif');

imshow(I);

I=im2double(I);

T=dctmtx(8);

B=blkproc(I,[8,8],'P1*x*P2',T,T');

mask =[ 1 1 1 1 0 0 0 0

1 1 1 0 0 0 0 0 

1 1 0 0 0 0 0 0

1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0];

B2=blkproc(B,[8,8], 'P1.*x',mask);

I2=blkproc(B2,[8,8], 'P1*x*P2',T',T);

Imshow(I), figure, imshow (I2)

· dctmtx(8) returns the 8-by-8 DCT (discrete cosine transform) matrix.

· blkproc(I,[8,8],'P1*x*P2',T,T') is a block processing of I by a block of 8x8 with a special parameters and the function defined as T

· compare the original image and the reconstructed version:

D= imsubtract (I,I2);

figure, imshow (D)

· Re-do the code for the mask 

10000000

00000000

00000000

…………

00000000

· discuss the results of  different masks

Run DCT COMPRESSION : DEMO

· Select the image

· Select the number of coefficients

· Reconstruct the image

· View the error image

FLOW CONTROL. GRAPHICS and ANIMATION

for

Repeat statements a specific number of times

Syntax:

for variable = expression

    statement(s)

end

    statement

end

The columns of the expression are stored one at a time in the variable while the following statements, up to the end, are executed.

Create a matrix

k=4;

a = zeros(k,k)  % Preallocate matrix

for m = 1:k

    for n = 1:k

        a(m,n) = 1/(m+n -1);

    end

end

a

· Step s with increments of -0.1

for s = 1.0: -0.1: 0.0,..., end

Successively set e to the unit n-vectors:

for e = eye(n),..., end

EYE Identity matrix. EYE(N) is the N-by-N identity matrix.

EYE(M,N) or EYE([M,N]) is an M-by-N matrix with 1's on     the diagonal and zeros elsewhere.

The line

for V = A,..., end

has the same effect as

for k = 1:n, V = A(:,k);..., end

except k is also set here.

if

Conditionally execute statements

Syntax:

if expression

    statements

end

MATLAB evaluates the expression and, if the evaluation yields a logical true or nonzero result, executes one or more MATLAB commands denoted here as statements.

When nesting ifs, each if must be paired with a matching end.

expression

expression is a MATLAB expression, usually consisting of variables or smaller expressions joined by relational operators (e.g., count < limit), or logical functions (e.g., isreal(A)).

Simple expressions can be combined by logical operators (&,|,~) into compound expressions such as the following. MATLAB evaluates compound expressions from left to right, adhering to operator precedence rules.

(count < limit) & ((height - offset) >= 0)

statements

statements is one or more MATLAB statements to be executed only if the expression is true or nonzero.

while

Repeat statements an indefinite number of times

Syntax:

while expression

    statements 

end

while repeats statements an indefinite number of times. The statements are executed while the real part of expression has all nonzero elements.

expression is usually of the form

expression rel_op expression

where rel_op is ==, <, >, <=, >=, or ~=.

The scope of a while statement is always terminated with a matching end.
Find a root of x3 – 2x – 5

a = 0; fa = -Inf;

b = 3; fb = Inf;

while b-a > eps*b

   x = (a+b)/2;

   fx = x^3-2*x-5;

   if sign(fx) == sign(fa)

      a = x; fa = fx;

   else

      b = x; fb = fx;

   end

end

· type x to see the result.

Explanation:

1.  eps is a floating-point relative accuracy. This is the tolerance MATLAB uses in its calculations.

eps returns the distance from 1.0 to the next largest floating-point number.

eps = 2^(-52), which is roughly 2.22e-16.

2.  == means equal

3.  Y = sign(X) returns an array Y the same size as X, where each element of Y is:

1 if the corresponding element of X is greater than zero

0 if the corresponding element of X equals zero

-1 if the corresponding element of X is less than zero

4. Inf and –Inf  are positive and negative infinities.

Change values of a and b, like a=-5 and b=8 and run the code again.
 Create animation

Animated graphics:

Continually erase and then redraw the objects on the screen, making incremental changes

with each redraw. Save a number of different pictures and then play them back as a movie.

Erase Mode Method

Using the EraseMode property is appropriate for long sequences of simple plots where the change from frame to frame is minimal. Here is an example showing simulated Brownian motion. Specify a number of points, such as

n = 20

and a temperature or velocity, such as

s = .02

The best values for these two parameters depend upon the speed of your particular computer.

Generate n random points with (x,y) coordinates between -1/2 and +1/2.

x = rand(n,1)-0.5;

y = rand(n,1)-0.5;

Plot the points in a square with sides at -1 and +1. Save the handle for the vector of points and set its EraseMode to xor. This tells the MATLAB graphics system not to redraw the entire plot when the coordinates of one point are changed, but to restore the background color in the vicinity of the point using an "exclusive or" operation.

h = plot(x,y,'.');

axis([-1 1 -1 1])

axis square

grid off

set(h,'EraseMode','xor','MarkerSize',18)

Now begin the animation. Here is an infinite while loop, which you can eventually exit by typing Ctrl+c. Each time through the loop, add a small amount of normally distributed random noise to the coordinates of the points. Then, instead of creating an entirely new plot, simply change the XData and YData properties of the original plot.

while 1

   drawnow

   x = x + s*randn(n,1);

   y = y + s*randn(n,1);

   set(h,'XData',x,'YData',y)

end

drawnow flushes the event queue and updates the figure window.

AXIS  Control axis scaling and appearance.

AXIS([XMIN XMAX YMIN YMAX]) sets scaling for the x- and y-axes on the current plot.
Run the code and view the result.

n = 20

s = .02

x = rand(n,1)-0.5;

y = rand(n,1)-0.5;

h = plot(x,y,'.');

axis([-1 1 -1 1])

axis square

grid off

set(h,'EraseMode','xor','MarkerSize',18)

while 1

   drawnow

   x = x + s*randn(n,1);

   y = y + s*randn(n,1);

   set(h,'XData',x,'YData',y)

end

Creating M-files. 

To create a new M-file in the Editor/Debugger, either click the new file button on the

MATLAB toolbar, or select File -> New -> M-file from the MATLAB desktop. You can alsocreate a new M-file using the context menu in the Current Directory browser - see

Creating New Files. The Editor/Debugger opens, if it is not already open, with a blank file in which you can create an M-file.

If the Editor/Debugger is open, create more new files by using the new file button on

the toolbar, or select File -> New -> M-file.

Function Equivalent

Type edit in the Command Window to create a new M-file in the Editor/Debugger.

If you type edit filename.m and filename.m does not yet exist, a prompt appears asking if you want to create a new file titled filename.m.

If you click Yes, the Editor/Debugger creates a blank file titled filename.m. If you do not want the dialog to appear in this situation, either check that box in the dialog or specify it in preferences for Prompt. In that case, the next time you type edit filename.m, the file will be created without first prompting you.

If you click No, the Editor/Debugger does not create a new file. If you do not want the dialog to appear in this situation, either check that box in the dialog or specify it in preferences for Prompt. In that case, the next time you type edit  filename.m, a "file not found" error will appear.

The example debugging session requires you to create two M-files, collatz.m and

collatzplot.m, that produce data for the Collatz problem. For any given positive integer, n, the Collatz function produces a sequence of numbers that always resolves to 1. If n is even, divide it by 2 to get the next integer in the sequence. If n is odd, multiply it by 3 and add 1 to get the next integer in the sequence. Repeat the steps for the next integer in the sequence until the next integer is 1. The number of integers in the sequence varies, depending on the starting value, n.

The Collatz problem is to prove that the Collatz function will resolve to 1 for all positive

integers. The M-files for this example are useful for studying the problem. The file collatz.m generates the sequence of integers for any given n. The file collatzplot.m calculates the number of integers in the sequence for any given n and plots the results. The plot shows patterns that can be further studied.

M-Files for the Collatz Problem:

Following are the two M-files you use for the debugging example. To create these files

on your system, open two new M-files. Select and copy the following code from the Help

browser and paste it into the M-files. Save and name the files collatz.m and collatzplot.m. Be sure to save them to your current directory or add to the search path the directory where you save them. One of the files has an embedded error for purposes of illustrating the debugging features.

Code for collatz.m.

function sequence=collatz(n)

% Collatz problem. Generate a sequence of integers resolving to 1

% For any positive integer, n:

%   Divide n by 2 if n is even

%   Multiply n by 3 and add 1 if n is odd

%   Repeat for the result

%   Continue until the result is 1% 

sequence = n;

next_value = n;

while next_value > 1

    if rem(next_value,2)==0

        next_value = next_value/2;

    else

        next_value = 3*next_value+1;

    end

    sequence = [sequence, next_value];

end

Code for collatzplot.m.

function collatzplot(n)

% Plot length of sequence for Collatz problem

% Prepare figure

clf

set(gcf,'DoubleBuffer','on')

set(gca,'XScale','linear')

%

% Determine and plot sequence and sequence length

for m = 1:n

    plot_seq = collatz(m);

    seq_length(m) = length(plot_seq);

    line(m,plot_seq,'Marker','.','MarkerSize',9,'Color','blue')

    drawnow

end

· Try out collatzplot to see if it works correctly. Use a simple input value, for example, collatzplot(3)

· Obtain numbers manually and compare with what the code outputs.

