
EECS490: Digital Image Processing

Lecture #3

• MATLAB® image processing (cont.)
– vectorization

• Histograms

• Mathematics of image processing

• Geometric transforms

• Image Warping
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“For” loops in Matlab are inefficient, whereas Matlab’s

native indexing  procedures are very fast.

for r = 1:R

   for c = 1:C

      J(r,c,:) = IP_Function(I(r,c,:));

   end

end

J = IP_Function(I);

Rather than

use, if possible

But, sometimes that is not possible.

For example, if the output, J, is decimated with respect to the input,  I,

the above will not work (unless, of course, it is done within IP_function).

“IP_Function” is
some arbitrary
image processing
function that you or
someone else has
written.

 1999-2007 by Richard Alan Peters II
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Pixel Indexing in Matlab

r = 1:n:R;

c = 1:n:C;

To decimate the above image by a factor of n,

create a vector, r, that contains the index of

every nth row, and a similar vector, c.

r =
 [1

  4
  7

  1
0
  1

3
  1

6
  1

9
  2

2
  2

5
  2

8
  3

1
]

c =
 [1

  4
  7

  1
0
  1

3
  1

6
  1

9
  2

2
  2

5
  2

8
  3

1
]

Here,
n=3

I(r,:,:)

I(:,c,:)
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Then, vectors r and c used as index

arguments for image I select every

nth column in every nth row.

I(r,c)

Take the

pixels

indexed

by both
r and c.

Here,
n=3

This is called,
‘vectorizing’.

 1999-2007 by Richard Alan Peters II

Pixel Indexing in MATLAB
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image, I

r = 1:n:R; c = 1:n:C;

Here,
n=3

J = I(r,c,:);

 1999-2007 by Richard Alan Peters II

Pixel Indexing in MATLAB
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Indexing in Matlab is fully general.

If I  is R x C x B, vectors  r and c

can contain any numbers 1  rk  R

and 1  ck  C.

The numbers can be in any order

and can be repeated within r and c.

The result of I(r,c) is an ordinal

shuffling of the pixels from I as

indexed by r and c.

Whenever possible,
avoid using ‘for’ loops;
vectorize instead.

 1999-2007 by Richard Alan Peters II

Pixel Indexing in MATLAB
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MATLAB/Image Processing Toolbox

function [rt, f, g] = twodsin(A,u0, v0, M, N)

% TWODSIN Compares for loops vs. vectorization.

% The comparison is based on implementing the function

% f(x,y)=Asin(u0x+v0y) for x=0,1,2,…,M-1 and

% y=0,1,2,…,N-1.  The inputs to the function are

% M and N and the constants in the function.

% First implement using for loops

tic %start timing

for r=1:M

   u0x=u0*(r-1);

   for c=1:N

     v0y=v0*(c-1);

     f(r,c)=A*sin(u0x+v0y);

   end

end

t1=toc; % End timing

% Now implement using vectorization

tic %start timing

r=0:M-1;

c=0:N-1;

[C,R]=meshgrid(c,r);

%special MATLAB function for fast 2D function evaluations

% creates all the (x,y) pairs for function evaluation

g=A*sin(u0*R+v0*C);

t2=toc; %End timing

%compute the ratio of the two times

rt=t1/(t2+eps); %use eps in case t2 is close to zero.
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MATLAB/Image Processing Toolbox

>> [rt,f,g]=twodsin(1, 1/(2*pi), 1/(4*pi), 512, 512);
>> rt 
rt =
      34.2520   %according to GWE.  I only got ~19.
>>g=mat2gray(g);
>> imshow(g)  %show in separate window.
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MATLAB/Image Processing Toolbox

imshow (f,G)
%F is an image array
%G is the number of intensity levels.  Default is 256.

imwrite(f, ‘filename’)
% filename MUST contain a recognized file format extension
% .tif or .tiff identify TIFF
% .jpg identifies jpeg
% additional parameters for tiff and jpeg identify compression, etc.
imfiinfo filename
% returns all kind of cool file information such as size

Imread(‘filename’)
% filename MUST contain an appropriate extension
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• Let I be a 1-band (grayscale) image.

• I(r,c) is an 8-bit integer between 0 and 255.

• Histogram, hI, of I:

–  a 256-element array, hI

–  hI (g), for g = 1, 2, 3, …, 256, is an integer

–  hI (g) = number of pixels in I  that have value

g-1.

The Histogram of a Grayscale Image
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16-level (4-bit) image
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The Histogram of a Grayscale Image
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Plot of histogram:

number of pixels with intensity g

Black marks

pixels with

intensity g

The Histogram of a Grayscale Image
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Plot of histogram:
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Luminosity

The Histogram of a Grayscale Image
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MATLAB/Image Processing Toolbox

>> h=imhist(f)                             %any previously loaded image
>> h1=h(1:10:256)                      %create bins for horiz axis
>> horz=(1:10:256;                     %
>> bar(horiz, h1)                         %
>> axis([0 255 0 15000])             %expand lower range of y-axis
>> set(gca, ‘xtick’, 0:50:255)        %gca means ‘get current axis’
>> set(gca, ‘ytick’, 0:2000:15000) %lab h & v ticks
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Connectivity

• 4-adjacency

• 8-adjacency

• m-adjacency



EECS490: Digital Image Processing

Distance Measures

• Euclidian - circle

• D4 (city block) - diamond

• D8 (chessboard) - square

De p,q( ) = x s( )
2
+ y t( )

2

D4 p,q( ) = x s + y t

D8 p,q( ) = max x s , y t( )
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Array v. Matrix operations

a11 a12
a21 a22

b11 b12
b21 b22

=
a11b11 a12b12
a21b21 a22b22

a11 a12
a21 a22

b11 b12
b21 b22

=
a11b11 + a12b21 a11b12 + a12b22
a21b11 + a22b21 a21b12 + a22b22
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Arithmetic Operations

s x, y( ) = f x, y( ) + g x, y( )

d x, y( ) = f x, y( ) g x, y( )

p x, y( ) = f x, y( ) g x, y( )

v x, y( ) = f x, y( ) ÷ g x, y( )
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Averaging
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Differences
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Differences
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Multiplication
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Multiplication
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Set Operations

A B = A Bc
= w |w A,w B{ }
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Ac
= x, y,K z( ) | x, y, z( ) A{ }

A B = maxz a,b( ) | a A,b A{ }

Gray Scale Set Operations
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Geometric Transformations

x y 1[ ] = v w 1[ ]T = v w 1[ ]

t11 t12 0

t21 t22 0

t31 t32 1
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and motion blur
Rotation



EECS490: Digital Image Processing

Image Registration
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Image Warping
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Geometric Transformations (Warping)
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Spatial Warping
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Gray Level Interpolation
forward mapping

f(x,y)

f(x',y')
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Gray Level Interpolation
backward mapping (pixel filling)

f(x,y) f(x',y')


